Address at the Opening Ceremony of the 2nd 
International Seabuckthorn Association Conference
 Qian Zhengying
    Academician of Chinese Academy of Engineering

Honorary President of the 2nd International Seabuckthorn Association Conference 

Honorable colleagues and friends：
Good morning. First, I would like to express my congratulation to the 2nd International Seabuckthorn Association Conference held in Beijing, and to the accomplishments achieved by seabuckthorn scientists from all participating countries. It’s my pleasure to attend this meeting. On this occasion, I want to extend a wish as  “Jointly creating opportunities and sharing the harvests”.

This meeting boasts a sonorous theme, which is described as “Seabuckthorn-A multi-purpose plant, solution to Nutrition, Health and Environment”. This theme gives prominence to characteristics and functions of Seabuckthorn. 20 years ago, in order to improve soil and water conservation for Loess Plateau, Chinese government began to promote the integrated utilization of seabuckthorn resources. The multi-purpose plant was expected to not only resolve water and soil loss, but also increase income of rural farmers. Over the last 20 years, we have witnessed seabuckthorn flourishing on Chinese land. Lots of scientists were absorbed and applied it in many fields. Thus the small shrub has developed as multi-benefit plant resources and a new industry.
At the same time, I’ m pleased to see that seabuckthorn is not only blossom in China, but also be rooted in many countries in Europe, Africa, North America South America, and Asia. Close exchange and cooperation among experts of countries have been carried out in many fields like new variety breeding, fruit harvesting, nutritious food development, and medicine processing. International Seabuckthorn Coordination Committee and International Seabuckthorn Association have been established respectively in 1995 and 2001, providing an open platform for varieties of cooperation and academic exchange.

“Win-Win”model has become a hot topic and general goal of harmonious development of countries worldwide, which is also indispensable to sustainable development of global seabuckthorn resources. In order to realize this objective, I hope all parties set store by three aspects of work as followed:

First, we should strengthen bilateral and multilateral cooperation of technology and economy, take full advantages of seabuckthorn resources around the world, foster and promote new breeds, develop new products, and explore new markets.

Second, we should manage International Seabuckthorn Association with great efforts, enlarge its influence by providing new technologies and service, absorb new members, and transform it into homestead for all seabuckthorn enthusiasts.

Third, I hope Chinese experts will seek cooperation with foreign ones actively, establishing bases for cooperative research with them.

In the end, I wish again international seabuckthorn cause flourishing, and International Seabuckthorn Association Conference successful. 

Address at the Opening Ceremony of
 the 2nd International Seabuckthorn Association Conference
By E Jinping
Vice Minister, Ministry of Water Resources, P.R China

Chairman, the 2nd International Seabuckthorn Association Conference
Honorable Madam Qian Zhengying, members of ISA Board, Ladies and Gentlemen:

In the season of golden and harvest Autumn, we have the great pleasure to receive experts, scholars from 19 countries, representatives from UNDP, FAO, and envoys from relative countries in Beijing, in the host city of 2008 Olympic Games, to summarize and share new achievements, and experiences in R&D of seabuckthorn, and discuss international cooperation in technology and economy. Such a meeting reflects that the whole world is paying great attention on seabuckthorn, and participants have particular interest in R&D of this sector. On behalf of Ministry of Water resources, I would hereby express my warm congratulations to the opening of this conference, and sincere and heartfelt welcome to all friends from the world.

As we know, water and soil resources are the fundamental conditions for the living and development of human beings, and the basis of economic and social development. The whole world attaches great importance to the water and soil erosion. It is a long-term strategy of Chinese government to better water and soil conservation, protect and construct eco-environment, promote rural economy, and realize sustainable utilization of water and soil resources and sustainable protection of ecological environment. Since implementation of the policy of “opening up and reform”, governments of various levels in China have strengthened their works on water and soil conservation. On the basis of practice, an experience of “taking small watershed as a unit and with an overall planning to realize comprehensive control” had been summarized. In 1991, the Chinese People’ Congress issued the Law of Water and Soil Conservation of the People’s Republic of China, in which a series of stipulations for water and soil conservation had been laid down. From 1998 – 2000, the State Council had approved and implemented in succession the National Planning for Ecological Environment Construction，National Program for the Protection of Ecological Environment, fully and strategically deployed the ecological construction of water and soil conservation for the early years of the 21 century, and brought the ecological construction of water and soil conservation as an important component for realizing sustainable development and of the grand west development strategy in China. Through over 50 years long-term persevering hard work, China has seen tremendous accomplishments in water and soil conservation. About 1,000,000 km2 of land suffering water and soil erosion have been brought under control, 13 million hectares of terraced fields have been built, and millions of small sized water conservancy and conservation works have been constructed.  The water and soil conservation measurements have retained soil for 42.6 billion tons, helped to raise grain output to 2.5 billion tons, making the most of the ecology, economy and social society.  Many years of continuous control made to the regions located at the middle reaches of the Yellow River has reduced flow of sediments to the river by 300 million tons.
Seabuckthorn distribution area is coincidently the economic underdeveloped district in China. It is always the joint target of soil conservation with poverty alleviation. Seabuckthorn, a multi-purpose plant has provided the opportunity for rural development and environmental improvement. Therefore, 20 years ago, in the year of 1985, under the advocacy of Madam Qian Zhengying, the Chinese government took seabuckthorn as the main plant to resolve water and soil erosion in the Loess Plateau, and set up special institutions related. The central government and local governments approved to implement large-scale artificial planting projects of seabuckthorn. Up to now, the total planting areas of seabuckthorn has reached 2.2million hectares including 1.2million hectares of artificial forest and 1 million hectares of natural forest, which contributes a lot to conserving water and soil loss and improving the eco-environment. Currently, seabuckthorn is widely used in national key projects of ecological protection, i.e. integrated watershed management in the Loess Plateau, construction of “San Bei” protecting forests, desertification control around Beijing, retrieving forests from farmland, and natural forest protection etc. Every year witnesses 100 thousand hectares of seabuckthorn forest newly planted.

Through 20 years of research, experimentation and promotion, the seabuckthorn has been applied in from water and soil conservation to nutritious food and medical health products, facilitating poverty reduction for farmers in backward areas of North-western China, and development of economic society. Encouraged by the preliminary effect above, we will continuously attach great importance to the harmonious and coordinated development between rural eco-system and economy, consistently regard the seabuckthorn development as the long-term program of the government, and harmonize the relations between resource-orientated planting and utilization, scientific research and application, domestic operation and international cooperation and etc.

International cooperation is necessary for the efficient utilization of seabuchthorn resources. As a country with considerable seabuckthorn resources, China has consistently been dedicated in the international cooperation. At International Seabuckthorn Symposium held in Beijing in 1999, China and other countries all agreed to set up international seabuckthorn association which consequently came into being in 2001. Afterwards, many international experts advocate to set up the secretariat in Beijing. And Ministry of Water Resources of China has carried the following feasibility study. In the coming future, MWR of China will continuously participate and support the growth of ISA and make our own efforts to the global seabuchthorn development.
It is the 20th year since the beginning of Chinese seabuckthorn development, and also the 20 years anniversary of the foundation of China Administration Center for Seabuckthorn Development. In the past two decades, China Seabuckthorn Center has carried series of activities of organizing and coordinating, demonstrative planting and processing of seabuckthorn, variety improement, and international cooperation, which has explored a successful path for ecological protection and water and soil conservation. The international conference held today is the best gift for the 20 anniversary of Chinese seabuckthorn development.

Ladies and gentlemen! I am confident that this international conference will accelerate the international seabuckthorn, strengthen the cooperation and exchange of countries, and enable seabuckthorn to serve the whole world better. In the meantime, it will promote the eco-protection of water and soil conservation, and make new contribution to sustainable utilization of water and soil resources, sustainable protection of ecological environment.

I sincerely wish a complete success of this conference, and hope all the guests have a sound and unforgettable Chinese journey.

Thank you for your attention.
Address at the opening ceremony of 
the 2nd International Seabuckthorn Association Conference 
BY Dr. Noureddin Mona 
FAO Representative to China. 
Your Excellemcy, Madam Qian Zhengying, 

Your Excellemcy,Vice Minister Mr. E Jingping,

Mr. Chairperson,

Ladies and Gentlemen, 

It is my great pleasure to participate in this important International Seabuckthorn Association Conference. More that 180 Participants from 20 countries are meeting here in Beijing, the host city for 2008 Olympic Game to share the update success and experience of seabuckthorn. No doubt, this conference will be a milestone for the successful utilization this valuable multi-purposes of plant. 

About one billion people in more than 100 under developed countries are threatened by loss of productive lands and increasing food shortage due to scarcity of rainfall and desertification. According to the Institute of World Resources, about one billion hectares of land has been badly degraded in the past 40 years, mainly in Africa and Asia. 

Due to the typical natural, geographical, social and economic conditions, water and soil erosion tends to be very serious in China and the ecological environment becomes relatively weak which has resulted in a negative effect on the country’s economic and social development. Soil erosion leads to a big quantity of sand runoff that have silted the rivers, lakes, reservoirs and water works, greatly amplifying the difficulties of flood control and causing land degradation, decrease of productivity and affecting the people’s production, lives and living environment.
We are happy to see that in the past 20 years of research, experimentation and promotion, seabuckthorn has been applied in water and soil conservation as well as in nutritious food and medical health products development, facilitating poverty reduction for farmers in backward areas of China. The harmonious and coordinated development was achieved between rural eco-system and economy. The international exchange and cooperation on seabuckthorn have been conducted. Seabuckthorn is playing an active role in China, Mongolia, India, Pakistan and many other mountainous countries which suffer degradation and rural poverty.
World Leaders gathered at the World Food Summit in 1996 committed their countries to cutting hunger in half by the year 2015. A series of international conferences and summits during the 1990s identified other major goals and quantified targets with the same time horizon. These were brought together in the Declaration adopted by the UN Millennium Summit in September 2000 and later restated in the form of eight Millennium Development Goals. Now is the crucial moment for stepping up action if the world is to deliver on the pledges made at the Millennium Summit. The Goals, with their related time-bound targets and indicators, are designed as an agenda for action by countries with support from the international community. 

FAO is dedicated to promoting agriculture, nutrition, forestry, fisheries and rural development, and to facilitating achievement of the World Food Summit goal of eradicating hunger. The Organization is a world centre of food and agricultural information and knowledge and a forum for policy dialogue and forging agreements among nations.

FAO focuses on poverty and hunger reduction through a “twin-track” approach: improving agricultural productivity and promoting better nutritional practices at all levels; and promoting programs that enhance direct and immediate access to food by the neediest. Its programs contribute to all dimensions of food security: availability, access, stability and utilization of safe and nutritious food. 

It is the common demand of the human society to achieve the objective of the developed production, prosperous life and a sound ecological environment. It needs the joint efforts by the governments and people of all countries to improve the ecological environment and realize the sustainable development. International Seabuckthorn Association will be a nice platform. In China as well as in Mongolia, Himalayan countries and central Asia, seabuckthorn has been alive for thousands of years, but its utilization in land improvement, and commercial development has not been widely recognized. This is why we at FAO fully appreciate the importance of this conference in helping to share the global experience on seabuckthorn. I am convinced that seabuckthorn is a crucial solution to nutrition, health and environment, the central theme of this conference.

Last but not least, I wish the 2nd International Seabuckthorn Association Conference full success and all the delegates and guests to enjoy their stay in Beijing.

Thank you.

OPENING CEREMONY STATEMENT
MRS. VIDYA STOKES

Hon’ble Minister for Power Generation, Government of Himachal Pradesh, India. 

Dear Madam Qian, Vice Minister Mr. E Jingping, and Mr. Chairperson,

Ladies and Gentlemen, 

I feel privileged to convey the greetings of Government of Himachal Pradesh, India for the success of this important international conference on sea buckthorn. I take this opportunity to thank the organizers of International Sea buckthorn Association Conference for inviting me to attend this international meet on a very important plant specie and for giving me an honour to speak on this occasion. The hospitality extended to me and the other delegates has been excellent and I must take this opportunity to thank the organizers for the same.

India and China being two big, friendly and neighboring countries have close similarity in geographical and climatic conditions and have strong cultural relations. There has been tremendous increase in trade, joint ventures and other activities between India and China during the last few years. It is our keen interest to learn from the success stories of China and other countries and develop collaboration with them on sea buckthorn development, which is demonstrated by our country’s big presence in this international meet. 

As I understand, this year is the twentieth year of the existence of Sea buckthorn Development Programme in China. In this period of two decades, China has made tremendous progress in the field of development of various products based on this plant. I congratulate the Government of China on this occasion and wish the organization all success in future. I also extend my greetings to the International Center for Research and Training on Seabuckthorn for having completed ten eventful years of its existence. Both these organizations have contributed a great deal by way of developing various Sea buckthorn based products and creating awareness about its uses all over the world. The wonder plant of Sea buckthorn has the potential of addressing two very serious concerns of the people inhabiting the cold desert of Himalaya, which are environmental conservation and livelihood. These dry temperate and cold deserts, comprising high altitude regions of Himachal Pradesh and Ladakh in Jammu and Kashmir in India, spread in over 75,000 sq. km, are characterized by extreme climatic conditions, high rates of soil erosion and land slides, shortage of fuel wood, timber and fodder, low productivity of agricultural lands and sparse vegetation. The past efforts aimed at afforestation by planting poplar and willow trees in the region have met only mixed successes for the want of a multipurpose plant species that can simultaneously satisfy the long term environment conservation as well as the livelihood issues of the poor people inhabiting this region. 

This is the cold desert region in Himalayas, where a number of rivers are borne, which provide water for irrigation to the plains in north India. However, in recent years, this zone has experienced irregular and high rainfalls, probably due to global warming, resulting in incidents like cloud bursts, floods, and excessive soil erosion. This in turn is responsible for siltation of rivers, environmental degradation and loss to human life and property. Needless to say that it is also badly affecting power generation by hydroelectric power stations in Himachal Pradesh and the neighbouring states. 

While sea buckthorn is known for its medicinal values in Indian and Chinese system of traditional medicines since ancient times, it is only during the past decade that people in India became aware of its high economic and ecological potential. Our state Government is taking effective steps in the direction of greening the fragile mountains by large scale plantation of sea buckthorn, which besides being excellent soil binder also can be used for improving the quality of soil. I am of the opinion that sea buckthorn based production systems on marginal and fragile lands that China has taken lead in developing, serve as fine example to prove that it is possible to make marginal lands sustainably productive, using resources from indigenous biological diversity. We still need to learn a great deal from the Chinese experience on large scale afforestation of sea buckthorn to control soil erosion and siltation as has been done on the yellow River in the Loess Plateau. I am sure China will also share her experiences of utilizing sea buckthorn in upliftment of rural economy by developing sea buckthorn based industries, which would create large scale employment opportunities besides developing a cash crop for the farmers and health protection products for the general consumers of the country. 

Recent surveys have discovered huge resources of sea buckthorn in Indian Himalayas, consequently a few sea buckthorn based processing units have been established, which have begun to generate employment opportunities for rural youths and sea buckthorn is slowly emerging as an important cash crop, therefore can contribute to upliftment of rural economy in these remote areas of Himalayas. But it is only the beginning and we need to do a lot in order to exploit the available potential to the maximum possible extent.

Although, India, a late starter on sea buckthorn, our research organizations have made quite an impressive progress in development of cultivation technologies of Sea buckthorn, experimental and clinical studies, standardization of processing technologies and product development Steps are being taken to develop sea buckthorn by adopting multi-institutional and multidisciplinary approach in India. However, we welcome the joint studies with China, Russia and other countries both in sea buckthorn resource development and its commercial utilization, which will be beneficial for both sides. I also welcome investment by private companies on sea buckthorn in India, which offers a very big market, as sea buckthorn products made by Indian companies have become quite popular and liked by the people back in my country. Since we still have a lot to learn from Chinese and other countries experiences, I would therefore request the Chinese authorities to extend all possible help to us in the following fields:

· Technology transfer for developing more productive varieties of Seabuckthorn (varieties with bigger fruit size and thorn less plants). 

· Developing various consumer and health products based on seabuckthorn, which have readily available market in India. 

· Sharing the experiences of large scale plantations undertaken by China on Tibetan Plateau and other regions for environmental conservation 

I am sure that this important international event will prove to be very useful by way of deliberations on various scientific studies being conducted on sea buckthorn globally as scientists and experts from all over the world will certainly come forward with better solutions to environmental and health problems, for serving both nature and humanity. 

I would like to conclude by wishing all the success to the organizers of the conference and also to the participants on behalf of Government of HP, as well as on my personal behalf. 

Thank you very much.
Speech at the 2nd International Seabuckthorn Association Conference 
Prof. Tai Yuanlin
Director, Chinese Administration Center for Seabuckthorn Development （CACSD）

President, International Sebuckthorn Association

Honorable, Madam Qian Zhengying, Vice Minister, Mr. E Jingping, Dr. Mona, Dear colleagues and friends:

Good Morning! 

First of all, on behalf of Board of International Seabuckthorn Association, I would like to express warm welcome to all the guests to be in Beijing.

At the conference in Berlin of Germany in September 2003, International Seabcuckthorn Association Board entrusted the 2nd International Seabuckthorn Association Conference to Ministry of Water Resources-MWR of China. Since the approval of Chinese government, Seabuckthorn Development and Management Center has been prepared for 2 years. Today, it is a great honor for us to invite the founder of Chinese seabuckthorn development, Former Vice President of Chinese People's Political Consultative Conference-CPPCC, Madam Qian Zhengying to be honorable Chairperson of this conference, and H.E. Vice Minister, Mr. E Jingping, to be Chairman and Mr. Gao Bao, Mr. Liu Zhen as Vice Chairmen of this conference. The Academic Committee consisted ISA Board members, ICC members of ICRTS and some well-known experts. The conference is open as in schedule by the joint efforts from many sources. More than 80 papers from 180 representatives of 20 countries, and 36 experts and 40 posters will be presented on this occasion. Participants will share the update success of seabuckthorn research and development. 

Under the direction of Board of International Seabuckthorn Association, the Central theme of “Seabuckthorn- a multi-purpose plant, solution to nutrition, health and environment” and six topics were settled. The invited speeches were recommended by Board members and experts to represent the hot topics on seabuckthorn. Tomorrow experts will go to the suburb of Beijing to visit seabuckthorn seedling base, and visit the Great Wall according to the program of this conference. After the conference, a technical study tour is available for all experts for visiting planting and processing of seabuckthorn.

Regarding the successful organizing of this conference, we should firstly thank MWR of China for its great support. Secondly, the ISA Board members sacrificed their spare time to topic determination and articles evaluation. Thirdly, ERA (China) Company Ltd., CONSECO Ltd, Lupin Ltd, India and Aromtec Ltd, Finland who provided kind funding to the conference. Besides, we have received assistances from German Seabuckthorn Association, Canadian Seabuckthorn Grower Association and Japanese Seabuckthorn Institute. On behalf of Organizing Committee, I would hereby extend my faithful thanks to the units and experts mentioned above.

Since the first International Seabuckthorn Symposium was held in Xi’an, China in 1989, .9 workshops or symposium have organized in different countries. In 1995, at the advocacy of participants of the workshop, International Centre for Research and Training as well as the International Coordinating Committee was established. And in 1999 the ICC meeting decided to found International Seabuckthorn Association a new body with the formal approval of the Constitution in India in 2001. Since then, two committees namely the Editing Committee and International Scientific Cooperation My Center has provided necessary supports in financing, human resources, technology and equipment. Over the past 2 years, the Secretariat of the association has employed 3 full-time staffs to carry out the routing activities such as membership application, operation and maintenance of official website of ISA, dealing with the consultation of experts worldwide. We have also compiled the journal of The Global Seabuckthorn Research and Development in Chinese edition for 4 times and English edition once a year.

In recent years, the seabuckthorn development has been developing rapidly. Experts from more than 20 countries have been involved in international seabuckthorn cooperation and exchange. Thanks to great attention and assistance from experts in editing and publishing of publication.

In order to make the success of International Seabuckthorn Association Conference every two years in the future, my two suggestions go as follows: 

Firstly, enable the conferences to be held alternatively by the countries with different economic backgrounds and languages, so as to increasingly internationalize seabuckthorn.

Secondly, determine the theme and topics of each conference jointly by experts from the host county and the association board, which not only cover all relevant subjects, but also continue the central theme in last conference, and invite excellent seabuckthorn scientists from the world to make invited speeches. In my own opinion, these are key points on technical aspect for the success of the conference.

Ladies and gentlemen, since the beginning of seabuckthorn, great progress has been achieved in terms of ecology, medicine, health, foodstuff and cosmetics. It is the multi-purposes of seabuckthorn that has attract thousands of researchers for the common health of mankind. I am highly confident that these small bushes will bring much more benefits to the world. Meanwhile, I hope every participant could take this conference to share experience, enhance friendship. And I wish this Beijing conference be a productive one.
Thank you all.
Speech at the Opening Ceremony of
 the 2nd International Seabuckthorn Association Conference 

 Liu kaipeng

President, Era (China) Co., Ltd
Distinguished Academician Qian Zhengying, All the Leaders and Guests, Ladies and Gentlemen:
Good morning! I feel very lucky and excited to speak at this inauguration! Comparing with all leaders and sea-buckthorn experts, I have insufficient understanding and development on sea-buckthorn, I need learn more knowledge on sea-buckthorn, so every one of you is my model to learn!

I thank Sea-buckthorn Development and Management Center of Ministry of Water Resources and International Sea-buckthorn Association to supply this opportunity to make us learn and exchange with each other. In addition, I also thank continual support for sea-buckthorn cause from all leaders.

I know the sea-buckthorn through TV program, it is just this opportunity that makes me full of emotions for sea-buckthorn. Through deep understanding, I recognize close relation between sea-buckthorn and human being; sea-buckthorn plays an important role in the areas of environment improvement, promotion of human being health and increase of farmer’s economic revenue. Stalwart vitality of sea-buckthorn consolidates my confidence for sea-buckthorn cause!

As the pioneering tree breed for environment improvement in the world, sea-buckthorn is continually planted and promoted in some countries. Because the northwest area of China faces the severe soil and water losses, Academician Qian, acting as the minister of Ministry of Water Resources at that time, first proposes to guiding thought of “develop sea-buckthorn cause to make nation and people benefit from it” and founds the Sea-buckthorn Development and Management Center for sea-buckthorn with great support from national leaders. In the 20 years, over 30 million mu sea-buckthorn has been grown in the hungry area stalwartly, which alleviates soil and water losses and makes some sea-buckthorn enterprises successful. Sea-buckthorn and people planting sea-buckthorn have achieved this imperishable achievement.

Noticing the value of sea-buckthorn development, we have founded export production base, relying on familiarity with abroad market and exertion of special selling mode, Era Company has achieved relative development during a short term. Plentiful sea-buckthorn resources have injected strong drive for development of Era Company. I faithfully thank the developers because of their hard efforts! It is just their efforts that lay solid base for success of many sea-buckthorn enterprises.

We believe that continual development of sea-buckthorn’s comprehensive value will greatly accelerate the horizontal and longitudinal cooperation of sea-buckthorn enterprises.

Support for sea-buckthorn cause from governments of many countries and coordination for sea-buckthorn cause from international organizations will bring the new reform of sea-buckthorn cause.

It is becoming the new topic of sea-buckthorn plant experts on how to make sea-buckthorn more adapted to surviving environment, improve vitality of sea-buckthorn tree, increase sea-buckthorn volume of output, enhance the juice extraction rate, make sea-buckthorn fruit easy to pick up and comprehensively improve the nutritional value of sea-buckthorn fruit via improvement of sea-buckthorn breed 

It is the new breaking point for developers to create new value to conduct research on new sea-buckthorn product, extensively apply it in the area of medicine, food and cosmetics and meet the health requirement of human being.

Improvement of processing process, use of advanced production process equipment, establishment of GMP plant and introduction of food sanitation security management system require enterprises to invest much manpower and fund from the long term view.

Facing changing market, innovation of promotion means is the effective guarantee to make enterprise strive for domestic and abroad market.

Building an excellent team, making individual excellent and pursuing cooperative development and improvement of enterprise and individual is becoming the drive for Era Company to advance.

All of these facilitate the improvement of comprehensive competency and is the necessary condition for enterprise to strive for success and create miracle, which requires continually strengthening domestic and international cooperation, “Do not give up, and then succeed”! It is certain for sea-buckthorn cause to meet a new development climax.

It is lucky that sea-buckthorn with same age to Himalayas exists; it is very lucky to gather here for common sea-buckthorn cause and discuss and exchange with each other; I feel very lucky to join in this great cause and cooperatively promote the international development of sea-buckthorn cause together with each of you

As the representative of Era Company, with the hope of over 1000 staff of Era Company, I pure-heartedly invite distinguished Academician Qian, distinguished Vice Minister E, all leader and each of attendants loving sea-buckthorn cause; after this convention ends, staff of Era enterprise welcome people engaging in sea-buckthorn to arrive at Shenzhen sea-buckthorn production base for visiting and guiding work with brilliant smile and enthusiastic applause.

We hope to establish long term and close strategic cooperative partners with experts, enterprisers, international organizations engaging in sea-buckthorn cause in such area as product development, product deep processing, product selling, information sharing and investment of related entities.

Thank every one who has ever acted as a leader of Ministry of Water Resources again, thank the Development and Management Center of Ministry of Water Resources, International Sea-buckthorn Association, thank all guests from different nations, thank the people who contribute to sea-buckthorn cause! It is you that offer a new opportunity for development of sea-buckthorn cause!

Here, as the representative of all Era Company staff, warmly congratulate the successful convening of this convention and hope the convention to acquire satisfactory success! I also hope that originators of China sea-buckthorn cause---distinguished Academician Qian to be healthy and long-lived!

Thank all!

The main directions of sea-buckthorn breeding program in Siberia

Yiry A. Zubarev

The Lisavenko Research Institute of Horticulture for Siberia

656045, Zmeinogorsky Avenu, 49, Barnaul, Russia

Reach biochemical components not only of the fruit of sea-buckthorn, but also of its lives, bark, buds, roots, fast fruit bearing ability, high every-year yielding, ecological flexibility given sea-buckthorn wide spread and usage in food and medicinal industry, cosmetic, melioration and reclamation of lands.
Formal breeding program of sea buckthorn was started in 1933 by Lisavenko Research Institute of Horticulture for Siberia, at that time seeds were collected from the natural sea buckthorn forest near river Katun. First 3 varieties of sea buckthorn were created in 1964. From this time the varieties, made in the Institute, have been widely used in selection programs of other scientific centers not only in Russia, but also abroad (Asia, Europe, America). There are seven species of sea-buckthorn are known in genus of Hippophae. But only H. rhamnoides L. is most widely investigated and all our varieties are based on this species.

For the period of seventy years more than forty varieties of sea-buckthorn have been bred at the Lisavenko Research Institute of Horticulture for Siberia. Yielding of modern sea-buckthorn varieties range from 7,5 to 18,0 t/ha, mass of 100 berries – 62-120g (maximum 140 g), length of pedicels – 3-6 mm, content of oil – 4,0-8,0%, carotinoides – 15,0-48,0 mg/100 g, sugars – 5-10%, acidity – 1,0-1,9% (tab. 1). Most of varieties are thornless. 
Selection was done by method of selecting best seedlings from the best starting forms by hybridization, with a small usage of chemical mutations. 

The total volume of selection annually makes about 100 combinations of crossing, therefore about 50000 hybrid seeds are received. After the strong selection only 50-60 new hybrids are used in further work. At present time the hybrid fund on sea-buckthorn cultivars in our Institute makes 45000 pieces.

The great success of sea-buckthorn is explained by rich biochemical composition, and, mainly, by presence the unique oil in fruits. Because of that, the main aim for breeding in many countries is to increase the contents of oil in berries. Depending on oil extraction technology, one can extract about 3% of sea-buckthorn oil. However, according to our experience, we supposed that the problem of oil contents in fruits of sea-buckthorn is not so simple. Directions of sea-buckthorn oil use are widely known and share on two branches: medicine and cosmetics. Different purposes need various oil compound. Varieties of Altai sea-buckthorn accumulate high quantity of carotenoides, therefore oil finds the basic application in medicine and is unsuitable for the cosmetic purposes. At the same time, sea-buckthorn in Europe is more suitable for cosmetic. That is why the wishes to increase the contents of oil in  sea-buckthorn berries, without detail analysis of its basic components, can lead to insufficient results. The second point of a problem it is the low attention to technological characteristics of varieties with high oil contents. As a rule, varieties with high oil content have small berries; they are difficult for harvesting and provide only moderate productivity. From another hand, varieties with moderate contents of oil in fruits, but distinguished by high yielding and productivity on harvesting, are capable to provide much more oil 

Table 1 – Characteristic of perspective sea-buckthorn cultivars  

	Variety
	Sugar, %
	Acid, %
	Oil, %
	VC, 

mg/100 g
	Carotene, mg/100 g
	Average mass 100 fruits, g
	Average yield, t/ha*

	Novost Altaya
	5,5
	1,6
	4,5
	50
	14,3
	50,0
	9,8

	Maslichnaya
	4,0
	1,5
	5,7
	64
	10,6
	37,0
	10,2

	Dar Katuni
	5,3
	1,6
	6,9
	66
	13,0
	40,0
	9,6

	Zolotoy Pochatok
	4,8
	1,5
	7,1
	68
	12,8
	40,0
	10,2

	Vitaminnaya
	4,6
	1,6
	5,9
	125
	13,0
	57,0
	10,0

	Zivko
	6,2
	1,2
	6,3
	53
	48,2
	56,0
	13,0

	Chuyskaya**
	6,4
	1,7
	6,2
	134
	13,7
	89,0
	18,0

	Chulishmanka**
	8,0
	1,4
	6,2
	169
	23,3
	62,0
	12,5

	Chechek**
	7,8
	1,3
	7,8
	157
	24,7
	77,0
	15,1

	Tenga**
	7,0
	1,3
	4,9
	110
	21,0
	67,0
	13,0

	Inya**
	5,2
	1,7
	4,0
	80
	25,0
	85,0
	14,9

	Elizaveta**
	6,2
	1,3
	4,8
	80
	19,0
	100,0
	12,7

	Altayskaya**
	9,7
	1,1
	7,0
	98
	18,0
	75,0
	13,0

	Avgustina**
	9,6
	1,6
	6,7
	82
	20,0
	120,0
	7,5

	Agurnaya**
	8,3
	1,9
	6,2
	112
	12,7
	110,0
	7,5

	Dgemovaya**
	7,6
	1,0
	8,0
	154
	29,3
	75,0
	7,5


* - 1250 plants per hectare      ** - modern varieties

from hectare,besides at smaller material and labour expenses. Therefore we look out at forms with high productivity, rather than with high contents of oil. 
Most difficult task in production of sea buckthorn is harvesting. In Europe and America where hand picking is very expensive, all attention is directed on searching the ways of mechanized harvesting. The most of this ways are well-known. Our Institute carried out the same investigations and at present time has a unique model of sea-buckthorn combine-harvester, which can harvest up to 10 tons of fruits of sea-buckthorn per 8 hour. But there are not a lot of varieties suitable for the mechanized harvesting, therefore one of the tasks in the breeding program of our Institute is to find out the cultivars, having complex of attributes of suitability to mechanization. They are: easy and dry separation of fruits, long pedicels, compact crone, moderate growth and strong branches. 

At the same time, mass release of a combine-harvester is not planned in the near future. Therefore in our work we pay a great attention to the varieties, suitable for hand picking. There are some varieties, such as Chuyskaya, Inya, Avgustina and some others, which provide productivity on hand picking up to 100-150 kg for 8 hours. Moreover, we have unique cultivars with productivity on hand picking up to 200-250 kg for 8 hours. In that case, the employers may earn up to $ 1000 in a month, at an average payment in the industry $ 300-400.
For a prolonging of time of harvesting period we created early ripening and late ripening varieties. Last achievements of our Institute allow to prolong the period of harvesting till 2,5-3 months, since second half of July up to the middle of October. We are also currently working on varieties, which can be harvested in a winter period. Main characteristics of these sea buckthorn varieties are stable biochemical compounds of fruit till the time of stable cold temperatures. 
Special attention is carried for resistance to main sea buckthorn pests and diseases, which allows us to produce ecologically clean and safe products.

New profitable direction in using of sea-buckthorn berries we see in natural food products (fresh fruits, juices without addition of sugar, beverages, jams, etc). Because of that, in Institute the program of breeding dessert varieties is started.
Taste of sea-buckthorn fruits – enough specific concept, because of limited using of this culture as a dessert product. We suggest using biochemical parameters, namely sugar-acid index (SAI), as an estimated level in definition of taste of fruits of sea-buckthorn. This parameter is wide used in practice of describing taste of many fruit.  

The estimation of fresh fruits of several varieties of sea-buckthorn, carried out at last several years, shown, that the most harmonious taste have three cultivars 91-81-2, 321-89-4 and 39-71-1 (tab. 2). 
Table 2 – Taste estimation of sea-buckthorn cultivars, point

	Cultivar
	Taste
	Aroma
	Appearance
	Total 

	39-71-1
	4,80
	4,56
	4,74
	4,70

	321-89-4
	4,72
	4,48
	4,62
	4,61

	91-81-2
	4,65
	4,47
	4,40
	4,51

	30-71-19
	4,49
	4,18
	4,78
	4,48

	278-90-2
	4,53
	4,50
	4,29
	4,44

	Altayskaya
	4,38
	4,27
	4,61
	4,42

	Tenga
	4,32
	4,38
	4,49
	4,40

	129-90-1
	4,39
	4,08
	4,21
	4,23

	1170-86-8
	3,66
	3,87
	4,75
	4,09

	1170-86-10
	3,47
	3,72
	4,55
	3,91


Comparing these results with biochemical data, was marked, that the mentioned three forms also have a maximal parameters of SAI, among all investigated hybrids (tab. 3).  

Table 3 – Range of sea-buckthorn cultivars by SAI, average 2000-2004

(only hybrids with SAI (7)
	Cultivar
	Sugar, %
	Acids, %
	SAI

	321-89-4
	7,95
	0,6
	13,25

	91-81-2
	8,33
	0,8
	10,41

	39-71-1
	7,87
	0,80
	9,84

	129-90-1
	8,38
	0,87
	9,63

	204-90-1
	7,98
	0,93
	8,58

	321-88-2
	6,77
	0,8
	8,46

	1228-79-1
	8,46
	1,03
	8,21

	41-2-2
	6,81
	0,87
	7,82

	45-15-1
	8,59
	1,13
	7,60

	45-15-13
	7,72
	1,07
	7,21

	1432-88-4
	7,16
	1,0
	7,16

	105-90-1
	7,11
	1,0
	7,11

	22-3-1
	7,10
	1,0
	7,10

	1170-86-8
	6,55
	0,93
	7,04


The sugar-acid index in climatic conditions of Altai territory varies in high range, both on years and varieties. For example, in 2004 sugar-acid index ranged from 0,5 up to 17,4 points! According to our experience, we offer ranging taste of berries on groups, as bellow. 

Sour - 

SAI < 4

Sweet-sour - 
SAI 4-6

Sour-sweet - 
SAI 6-8

Sweet - 

SAI > 8 

According to the gradation, in the group of sweet berries cultivars more than 10% of all investigated hybrids are included, and extremely high SAI level up to 15-18 points, undoubtedly, opens new view on sea-buckthorn, as far beyond only technical culture. 


Not only breeding, but also propagation and introduction of sea-buckthorn are in the field of interest of Lisavenko Research Institute of Horticulture for Siberia. The Institute grows up to 500,000 seedlings of new varieties of sea-buckthorn annually. Now sea-buckthorn is most popular culture in Altai territory, occupied area more than 2000 hectares.   

The Research Progress on Sea-buckthorn Breeding in China
Quan Huang

The Chinese Academy of Forestry, Beijing, 100091

Abstract: Over 20 years, sea-buckthorn breeding research in China has made markedly progress guided by the principles of multipurpose hybridization, multi-levels selection, advances together of introduction and hybridization and plant multiplications by both sexual and asexual means, and implemented through multi-regions tests and multi-units cooperation. Population constitution and genetic variation of Chinese sea-buckthorn were understood further. Five new elite cultivars, such as “Hongxia” and “Wucixiong”, were created through multi-levels selection from Chinese local sea buckthorns. Fifteen cultivars, such as “Zongqiu” and “Wucifeng” were outlet based on seedling selection in the introduced sea buckthorns. Significant heterosis in the F1 generation of Hippophea rhamnoides subsp mongohica Rousi and Hippophea rhamnoides subsp sinensis Rousi was identified in hybridization experiments, which has been applied to the building of seed garden and to the selection of ideal parent combinations. Several hybrid clones, such as “Hualin 1” and “Tianshui 1” were selected out from the descendant population of various parent combinations. By the end of twenty centuries, most created and introduced cultivars have been applied to production after regional tests. At present, sea buckthorn breeding work in China is stepping forward to the direction of high fruit quality and high content of fruit healthy nutrients in addition to the former breeding goal of non-thorn, high quantity and strong adaptation. Various high techniques are employed in researches as well.
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Breeding of sea-buckthorn in china has started in 1985 and lasted for 20 years . During this period, people did much work on selection 、introduction、breeding and hybridization. Now I will describe each of them separately.  

1. Basic breeding strategy

In the prior period of sea-buckthorn breeding research, according to the background of nature and society in China, formulate the breeding strategy. The method of working is multi-regions tests and multi-units cooperation.

In China, sea-buckthorn is not only considered as the type of superior trees in ecology construction, but also as the type of special-used economic trees. Moreover, it has many other use in the aspect of economy. For this reason, we should breed sea-buckthorn to satisfy different demand, and pay more attention to the superior type which own the worth in both ecology and economic.

Multi-levels selection is because of the abounding sea-buckthorn resource in China. Most of them are in the condition of wild and hemiwild, and the variation of gene is also complex. So taking advantage of the useful variation in production is no doubt a convenient and effective way of heredity improvement. All this need to choose systematicly in the aspect of resource、type and all kinds of random variation.

For shortening the process of breeding, we do choosing ,introduction，breeding research at the same time. The indigenous species have strong ability in fitness and potential in heredity improvement, so work of breeding should start with the indigenous species, specially in the aspect of ecology construction. The crossbreed also depend on the material which is provided by indigenous species. On the other side ,other country have many superior species with their special feature in economy ,we should make good use of them and do research on multifield. This all can help us accelerate the course of breeding.

In terms of more generation breeding ,we seem the resource of indigenous and indraught species as the main line of breeding work separately and make them mingle for generations. Because their advantages can complement each other well, the probability to choose a superior species that have both the advantages of strong fitness and high price in economy is high.  That is why we pay special attention to double-line blend.  

The way of propagation is different according to the different cultivated purpose. In order to obtain high output of fruits and effect component or supply the log for industry purpose, we should choose the type of clone to keep their feature stabilized and united. when main purpose is to  meliorate environment, we choose sexual generation to afforest. In a word we pay the same attention to clonal and sexual kinds to meet the need of different purpose.

The purpose of multiecological area point-setting and multidepartment collaboration is to enhance intension of this work, and in advantage of space to save time. On one side we could obtain some material of superior types, on the other side we can know their appearance in different ecological area. All this data can help us speed the 

process of breeding.         

2. Research on breeding material and primary achievement       

   In the middle of 1980’, we do the research on native species of China at first. The method is to combine systematic investigation to planting experiment. Systematic investigation is to observe character of 22651 plants in 1491 simples which belong to 5 areas of distribution , and analyse the data systematicly in the end .The planting experiment is to choose material from 19 producing areas in the range of distribution, do planting experiment in 13 points, then compare the character of them to each other.

   As far as Chinese sea-buckthorn is concerned ,the result shows, it exist difference in ecophysiology which can be classified to 3 types: type of drought and hemidrought 、type of hemidrought and hemiwetness、type of low latitude and high mountain .There are difference in trunk 、shape of fruit and character between different types. The fruit inclusion of them is also different ,special in Vc、contents of total acid and total sugar. All this character can be inherited  

The result also suggest that Chinese sea-buckthorn、middle of Asia sea-buckthorn and so on are all multi-modality population system. They don’t just appear difference in nutrition component between different types of ecophysiology, even in the same type of ecophysiology, it also contains many kinds of breeding resource. The character of shape and contents of fruits in different types have diversities to some extent

By the research on breeding material ,we find out the character  structure and variation regular of Chinese sea-buckthorn and provide the work of gene improvement with basic data.

3. Breeding choice and result

We do this work in the way of collaboration ,carry out in the main area of sea-buckthorn distribution at the same time.

Choice of superior individual, we choose mainly in area that own superior resource of sea-buckthorn，adding in some special variation and superior individual which grow up under adverse circumstance. The criterion level depend on the average value of nature population, adding 3 standard deviation , but there are some chosen individual less than this level.      

The filial generation which generate by freely pollination. After mensurating in the period of seedling, we do afforestation experiment on many points. We mensurate the trees for 3 years after its fructification to supply the assistant data, and use the method of colligation index.

In our collaboration terms, we spend 4 years choosing 368 superior individual from 8 area in northwest 、north、northeast, and depend on the data which get from the 6 experiment points including Dengkou in mongohica to choose 8 handpicked individual to make up of compound population and  set up seed garden to generate superior seeds. Its total weight of 100 fruits transcend the average of genealogy by 50.4%, length of leafstalk transcend by 30.0%, number of thorn reduce by 30.0%, fruits per tree increase by 192.0%. comparing to the index of nature population , it exceed them by 1 time or more than 1 time.

Otherwise we pick out 3 clonal varieties ( Hongxia，Jufeng，juda) for the main purpose of view and have both use for view, ecology, economy. Production fruits of individual is up to 20 kg, is equal to the production of nature population in 666m2. 

We choose the male plants by mensurating clonal and doing multipoint experiment. Named “Wucixiong”.it have strong ability of proliferation. sprout of flower is full and keep the character of none thorn in most situation. 

    Many scientist did research on sea-buckthorn in the evening of 1980’, and obtained plenties of superior individual. But most of material was bred by the way of green cutting. Because of the incomplete technology of  green cutting at that time, some of them caused certain loss but also accumulated some valuable breeding material.                    

4. Introducing sea-buckthorns and selection 

  In China, the Chinese Academy of Forestry and Soil and Water Con-servation Station of Tianshui pursued introducing sea-buckthorns firstly,  they started in 1987. Because most of the sea-buckthorns have some  specialties, for example, bigger fruit, thicker seed capsule, longer fruit  handle, no thorn or less thorn, they attached more importance to these sea-buckthorns, did much work in many aspects. 

The introduced materials are rooted in Soviet Russia, Mongolia, North Europe, the number was near upon 100. The method is that introduci- ng seed is as important as seeding tree. But, the main way is introdu- cing seeds, because in order to reach the goal of introduction easily ,we  can use plasticity of young plants and character polarization of de-scendant. 

If we only consider the introduced clone seeding trees, except some experiment stations introduced and hybridized solely, to 1999, The Chin-ese Academy of Forestry made regional tests, discussed different breeds’varied manifestations in different regions. 

The results of introduction and regional tests show that, the different br-eeds which advances of mongohica Rousi have varied manifestations indifferent regions, but they also have some same characters.  

a. In the north area of latitude 450, if the conditions of light, water, so-il are suitable, the breeds can grow normally, people can plant them di-rectly.

b. In the area of north latitude 40-500,if the conditions of light, water, soil are suitable, cultivating carefully, although the total benefit of the  broader adaptability breeds reach best state in difficulty, it is worth pla-nting.

c. In the south area of north latitude 400, if the condition of light, wat-er , soil is suitable in higher altitude, cool climate regions, cultivating  carefully, the broader adaptability breeds can flower , bear fruit and ha-ve some value of  planting. But it has not the record of planting in th-e south area of north latitude 350.

d. Among the many breeds in which were introduced from Soviet Russ-ia, “hunjin” and “chengse” have the best adaptability, “taiyang” and “qiuyisike” are better than other ones.

e. Comparing the same breed, the ones are planted in the north area of China have better adaptability than the ones introduced directly from   other countries in Chinese environment.

In total, the clone seeding trees of sea-buckthorns introduced from   other countries have worse adaptability in most area of north China,   north west China where sea-buckthorns are planted .So we introduce theseeds from other countries, select excellent breeds through on-the-spot  planting, cultivate new breeds, basing on original breeds. 

The places where selection are Dengkou in inner Mongolia, Fuxin in Liaoning province, Suileng in Heilongjiang province and so on. Firstly,   select among young plants; secondly, the process of forestation experim- ent, then compare and select excellent breeds according to their grow-ing and bearing fruits from the descendant population, some are cultivated again using their germinate plants. At last, select excellent breeds and single plant from well adaptability groups, according to their growing,  bearing fruits, content of nutrition, resistance and relevant pattern, phenology, then made them colonized, begin the process of regional tests andproducing experiment, form new breeds.

In the 20 years, people have selected 14 kinds of different breeds, in-cluding “Wulanshalin”, “Zongqiu”, “Baiqiu”, “Chuanxiu”, “Liaofuyihao”,“Longjiang1hao”,“Longjiang2hao”, “Lonjiang3hao”,“Zhuangyuanhuang”,“Wucifeng”, “Shenqiuhong”,“Caoxin2hao”, and some mate male plants, “Jianxiong1o”, “Jianxiong3hao”etc. They all are no thorn or less thorn, bigger fruit, longer handle, their yields are from 10 to 20 ton per ha. So-me may reach 25 ton per ha. 

After 90s in 20 century, there are many units which pursue introducing breeds. For example, the Chinese Academy of Soil and Water Conserva-tion Station, North East Agriculture University, Qiqihaer Gardening academe of Heilongjiang, Qinghai Academy of Forestry, The Forestry Collage of Xibei of and so on. It is prevalent that the units introduce indirectly breeds from prior introduction units. They play an important role in augmenting sea-buckthorn resource of  China. 

5. Hybridization breeding and its research achievement
The hybridization test of our team began in 1992 and developed completely in 1995 when the test was listed special research topic by. We made 35 cross combination aggregately with varieties of Hippophea rhamnoides subsp mongohica Rousi, Hippophea rhamnoides subsp sinensis Rousi as parent materials.

   The combination in which Hippophea rhamnoides subsp mongohica Rousi was used as female parent and Hippophea rhamnoides subsp sinensis Rousi as male parent showed excellent effect. And we devoted great force to this combination. There are two mode of hybridization, namely artificial pollination and open pollination with control. Most of the hybridization is single cross but also multi-cross. After obtaining the hybrid, we cultivated concentratively and then made multi-regions growth test.

   Through the comparison experiment of various combination, we have selected the first series of hybrid clones, the former is named “hualin 1” and the latter “tianshui 1”. Those hybrid clones  not only kept and developed the strong adaptation of Hippophea rhamnoides subsp sinensis Rousi, but also fused the good characteristic of Hippophea rhamnoides subsp mongohica Rousi with non-thorn, high quantity, so they were elite cultivars in consideration of ecology and economics.

F1 generation with significant heterosis selected from Hippophea rhamnoides subsp mongohica Rous i used as female parent and   Hippophea rhamnoides subsp sinensis Rousi as male parent is sable, so building seed garden with its parents is a convenient means to produce the seedling of crossbred. Presently, we have built many seed garden and can produce hybrid in batch.

Of course, there are many other units to carry through the cross experiment in china , such as Neimenggu academy of Water Conservancy, research institute of berry Heilongjiang academy of agricultural science, Qiqihaer research institute of horticulture, Chengdu research institute of biology Chinese academy of science etc. The research in research centre of sea-buckthorn Ministry of water resources progress well, and crossbred will be selected in the near future.  

6.  Regional test, breeding and popularization of sea-buckthorn elite cultivar

6.1  Regional test of sea-buckthorn elite cultivar

At the end of the 20 century and the beginning of the 21st century ,for the selected sea-buckthorn elite cultivar, the country listed special subject leaded by research institute of forestry cooperating with many other units to carry through regional test in 7 sites, involving “Sanbei” and southwest  main district of  sea-buckthorn. We now can make a judge that hybrid from the Chinese local sea-buckthorn has equal adaptation to parent ,but is better than the parents in the ability of growth, the quantity of burliness and other main economic traits.

The varieties generated from Hippophea rhamnoides subsp mongohica Rousi used as female parent and Hippophea rhamnoides subsp sinensis Rousi used as male parent have equivalent level of adaptation to Hippophea rhamnoides subsp sinensis Rousi. Their main characters are intermediated to their, but the adaptation to adversity and the ability of burliness have high level than parents. The hybrid produced by seed garden including the Hippophea rhamnoides subsp mongohica Rousi and Hippophea rhamnoides subsp sinensis Rousi has greatly improved in the aspect of ecology and economics.

6.2  Breeding of sea-buckthorn elite cultivar

There are two methods for the propagation of sea-buckthorn, namely sexual and asexual propagation. Vegetative propagation is applied to clones usually through building ，soft-shoot cutting.  Soft-shoot cutting is carried up under the condition of whole light spraying which has been spread to main raising region of sea-buckthorn. For the propagation of elite cultivars from seed orchard, we adopt seedling propagation. Now we have built up many crossbred orchard in Neimenggu, Liaoning, Heilongjiang etc. The elite cultivar has been applied to production.

7.  Present sea-buckthorn breeding in China 

Currently, the sea-buckthorn breeding in China is in the period of deepening and transforming the goal. Selecting new variety of sea-buckthorn with strong adaptation ,non-thorn or little thorn,high quantity is the keystone of the prophase work. We have achieved many and some new varieties have been applied to production. Presently, for the sea-buckthorn breeding, we should change direction to the target for special need on the foundation of previous achievement. The development centre of sea-buckthorn ministry of water resource has bred using leaf sea-buckthorn elite cultivar, and is selecting elite cultivar which is rich in inclusion.The methods and materials for breeding are gradually enlarging. Chengdu institute of biology and the centre of sea-buckthorn etc are using Liuye Sea-buckthorn as parents, and progress well. At the end of 20 century, we ever explored the spaceflight breeding with the cooperation of Shanxi academic of agricultural sciences, explored the radiation breeding with  the research institute of Northwest water and soil conservation Chinese academy of sciences, but have no results. Now some units such as The Beijing  Tong Chuang Tiany Yan Academy of Sea-buckthorn etc are exploring spaceflight breeding more. We believe that other new technologies will be applied to sea-buckthorn. Sea-buckthorn breeding in China are developing to deep level and will soon come into a new period.

The Genetic Resources of Hippophae and its Utilization

Lu Rongsen

Chinese Academy of Sciences, Chengdu Institute of Biology, 

Chengdu, China, 610041

E-mail: rongsenl@163.net
Abstract

The Genetic Resources of Hippophae are very rich. Hippophae includes 15 species and subspecies that are widely distributed in Europe and Asia. Only 4 subspecies are being used in practical research and development. This paper summarized the existing utilization of genetic resources of Hippophae and its potential uses in the future.  

1. Introduction

Seabuckthorn is very rich in its biodiversity. According to the latest study, there are 15 species and subspecies in Hippophae , but only 4 subspecies are being used. For example, Russian scientists have used one subspecies ( Hippophae rhamnoides subsp. mongolica ) for more than 70 years and many good varieties have been bred out but their localization in adapting on other weather conditions limited those varieties to be popularized in the other parts of the world. China has used another subspecies ( H. rhamnoides subsp. sinensis ) which has been widely used for ecological restoration and producing a series of products. In Europe, Hippophae rhamnoides subsp. rhamnoides is used in many countries like Germany, Italy, Switzerland, Sweden, Finland etc. Several improved varieties bred from this subspecies have been cultivated in these counties. In the Central Asia and South Asia, a widely distributed subspecies is Hippophae rhamnoides subsp. turkestanica. Due to its rich wild resources this subspecies is being used for producing a lot of products in India, Pakistan, Turkmenistan, Kirghizstan etc. Since H. rhamnoides subsp. sinensis and Hippophae rhamnoides subsp. turkestanica both are rich in wild resources, so they are directly being used for various purpose. But these two subspecies have a lot of disadvantages like small berries, many thorns, lower content of oil and lower yield per unit area. 
However, there are other 11 species and subspecies in Hippophae which have many good characteristics such as less thorns, high contents of vitamins, oil and resistance to drought, cold and saline and alkali, but most of these species and subspecies have not been used in growing and breeding. Very few studies have been done on these species and subspecies. Since many countries are awareness of seabuckthorn is a very important plant in economy and ecology, it is believed that more attention and more studies will be given to those genetic resources of Hippophae , including that have been used and that have not been touched but very promised. 

2. A Review of Genetic Resources of Hippophae  
2.1.  A Simple History of Seabuckthorn Taxonomy

Seabuckthorn is a general term given to the shrub-tree Hippophae rhamnoides Linn. which was named by Swedish taxonomist Linnaeus in 1753. After that several other species were found and named by many taxonomists. In 1971, finnish taxonomist Arne Rousi divided this species into 9 subspecies that is growing from Norway in Scandinavia to the Northwest of China. For the other species and subspecies Arne Rousi recognized three species: Hippophae rhamnoides L, Hippophae salicifolia D.Don, and Hippophae tibetana. In 1978, Chinese taxonomists, Liu Shengwu and He Tinnong, reported a new species, H. neurocarpa from the Qinghai Plateau, China. In 1995, another Chinese taxonomist, Lian Yongshan found 1 new species and 2 subspecies: H.goniacarpa, H. goniacarpa subsp. litangensis and H. nrurocarpa subsp. stellatopilosa. In 2000, Lian Yongshan summarized previous studies of seabuckthorn taxonomy and raised his new taxonomic system of Hippophae. According to Lian, there are 15 taxons in Hippophae: 
1. H. rhamnoides. subsp. rhamnoides  
2.H. rham. subsp. sinensis  
3.H. rham. subsp. yunnanensis
4. H. rham. subsp. mongolica 
  5.H. rham. subsp. turkestanica   
  6. H. rham. subsp. fluviatilis             
  7. H. rham. subsp. carpatica           
  8. H. rham. subsp. caucasica            
9.  H. goniocarpa        
  10. H. goniocarpa subsp. litangensis      
11. H. neurocarpa
  12. H. neurocarpa subsp. stellatopilosa  
13. H. tibetana

14. H. gyantsensis
15. H. salicifolia
2.2. The Distribution and Status of Utilization of Hippophae

The following table shows the distribution and the status of utilization of Hippophae:

Table 1. The Distribution and the Status of Utilization of Hippophae:

	Taxons
	The Areas of Distribution
	The Status of Utilization

	1. H. rhamnoides. subsp. rhamnoides  

	Scandinavian countries, Baltic Sea countries, Germany, Belgium, Netherlands, Ireland, Poland, U.K. France, Russia 
	Many varieties are cultivated in some European countries and Canada.

	2. H. rham. subsp. sinensis  

	The North, Northwest, Southwest of China
	Wild resources are used for ecological restoration and berries are processed for products. Some new varieties are in tests.

	3. H. rham. subsp. yunnanensis
	Sichuan, Yunnan, Tibet of China
	Wild resources are used for ecological restoration only.

	4. H. rham. subsp. mongolica 

	Siberia of Russia, Mongolia, Xinjiang of China
	More than 60 varieties are cultivated in Russia, Mongolia, many East European counties. Many West European counties, Canada and China introduced the varieties for test 

	5. H. rham. subsp. turkestanica   
	India, Pakistan, Afkhanistan,Turkmenistan, Kirghizstan, Uzbekistan, Kazakhstan, Iran, Turkey, Xinjiang , Tibet of China
	Wild resources are used for ecological restoration and berries are processed for various products

	6. H. rham. subsp. fluviatilis    
	Around Alps Mountains: Germany, France, Switzerland, Austria, Czech, Slovakia, Italy, 
	Most of wild resources are protected as forest species. Some berries are collected for processing products

	7. H. rham. subsp. carpatica    
	The Capathinan Mountains, Transsylvanian Alps,the valley and the mouths of the Donube and its tributary.
	Most of wild resources are protected as forest species. Some varieties are cultivated for processing products

	8. H. rham. subsp. caucasica    
	The Caucasus Mountains, Georgia, Azerbaijan, Armenia, Ukraine, Romania, Turkey, Bulgaria, Iran, Russia.
	Most of wild resources are protected as forest species. Some selected varieties are cultivated for test.

	9. H. goniocarpa    
	Sichuan, Qinghai of China
	Most of wild resources are protected as forest species. Very few studies have been don on it.

	10. H. goniocarpa subsp. litangensis   
	Sichuan, Qinghai of China
	Most of wild resources are protected as forest species. Very few studies have been don on it.

	11. H. neurocarpa

	Sichuan, Qinghai,Gansu of China
	Most of wild resources are protected as forest species. Very few studies have been don on it.

	12. H. neurocarpa subsp. stellatopilosa 

	Sichuan, Qinghai, Tibet of China
	Most of wild resources are protected as forest species. Very few studies have been don on it.

	13. H. tibetana


	Sichuan, Qinghai, Gansu, Tibet of China, Nepal, India
	Most of wild resources are protected as grassland species. Very few studies have been don on it.

	14. H. gyantsensis
	Tibet of China
	Most of wild resources are protected as forest species. Some berries are collected for producing Tibetan medicine.

	15. H. salicifolia
	The southern slope of Himalayan Mt. Tibet of China, Bhutan, Nepal, India
	Most of wild resources are protected as forest species. Some berries are collected for producing products.


3. Practical Utilization of Genetic Resources of Hippophae   
3.1. Some Utilization of Genetic Resources of Hippophae In China  
Since 1980s some research programs on introduction, selection and breeding have bee conducted in China.

3.1.1 Introduction of Russian varieties from former USSR. 

In 1980-2000 more than 30 Russian varieties were introduced to China for tests. From those around 10 varieties were considered to be suitable for China’s natural environment. 

3.1.2 Seabuckthorn provenance tests.  

From 1985 about 19 Chinese seabuckthorn provenances were collected from 10 provinces of China were tested on 10 sites in the Northern China. The tests shown that the provenances from Qinghai, Gansu and Ningxia have small berries, late mature period but more content of vitamin C. Those provenances from Shanxi, Inner Mongolia and Hebei have bigger berries and earlier mature period but the vitamin C contents are less than that from Qinghai, Gansu and Ningxia.

3.1.3 Breeding for Purpose of Leaves Utilization. 

Seabuckthorn leaves are rich in protein, fats and flavonoids that are used for fodder and medicine. In 2001-2004 a program on breeding types of leaves utilization was carried out. Some good varieties with high yield forage and less thorns have been selected out.

3.1.4 Hybridization for Improving Chinese Seabuckthorn. 

H. rhamnoides. subsp. sinensis  is a dominated species of Hippopgae in 

China. It accounts for 95% of total seabuckthorn resources of China. But it has some disadvantages like small berries, many thorns, lower yield etc. a program on improving Chinese seabuckthorn by making hybridization was carried from 1990s. Some progress on the program is promising. For example, a hybridization between a Russian variety (♀) and a Chinese variety (♂) has produced some promising hybrids. 

The Bio-economic Characteristics and Berries’ Characteristics in Hybrids, Russian and Chinese Varieties of Seabuckthorn are shown in following tables:

Table 2. Comparison of Bio-economic Characteristics in Hybrids, Russian and Chinese Varieties of Seabuckthorn 

( Fuxin, Liaoning, China ) 

	Varieties
	Age of Tree（year）
	Height of Tree

（m）
	Diameter of

Canopy

(m)
	Diameter of Trunk
(cm)
	Length of Growth（cm）
	Thorns

(pcs/10cm)
	Yield Per a Tree（kg/tree）

	Chinese SBT


	4
	1.95
	1.55x1.60
	5,05
	18.5
	3.2
	1.99

	Hybrid-1


	4
	2.07
	1.60x1.53
	4.95
	27.0
	0.8
	4.04

	Hybrid-2


	4
	2.20
	1.20x1.25
	5.10
	29.0
	0.9
	4.53

	Hybrid-3


	4
	2.10
	1.20x1.35
	5.65
	28.0
	0.9
	4.50

	Hybrid-4


	4
	2.40
	1.50x1.60
	6.03
	26.5
	1.0
	5.02

	Russian ‘Chuisk’
	4
	2.27
	1.61x1.65
	6.38
	28,5
	0.4
	5.06


Table 3. Comparison of Berries’ Characteristics in Hybrids, Russian and Chinese Varieties of Seabuckthorn 

( Fuxin, Liaoning, China ) 

	Varieties
	Color of Berries
	Juice Content

(%)
	Weight of 100

Berries

(g)
	Soluble Solid Substances (%)
	Organic Acids

(%)
	Vc Content

(mg/100g)
	Oil Content of Pulp（%）
	Oil Content of Seeds（%）
	Harvest

Date

	Chinese SBT


	Orange-

yellow
	80.3
	19.4
	13.0
	2.85
	526.0
	1.59
	8.12
	Sept.11,

2002

	Hybrid-1


	Orange-

yellow
	80.3
	21.8
	9.0
	2.07
	78.0
	5.04
	8.48
	Sept.1,

2002

	Hybrid-2


	yellow
	81.0
	27.3
	9.0
	2.09
	69.0
	4.13
	8.31
	Sept.1,

2002

	Hybrid-3


	Orange-

red
	75.0
	22.3
	10.0
	1.66
	127.0
	4.50
	10.21
	Sept.1,

2002

	Hybrid-4


	Yellow
	84.0
	48.5
	7.0
	1.54
	175.0
	5.21
	8.67
	Sept.8,

2002

	Russian ‘Chuisk’
	Orange-

yellow
	90.0
	59.7
	5.0
	1.01
	37.0
	6.72
	11.20
	Aug.19,

2002


From these 2 tables it can be seen that the Chinese seabuckthorn variety can be improved through hybridization in increasing the size of berries, the oil content, reducing thorns and so as to increasing the yield per a plant.
3.2. Some Utilization of Genetic Resources of Hippophae In Europe and other countries

   3.2.1 Progress of Utilization of Genetic Resources of Hippophae In Russia 

            Seabuckthorn selection and breeding in Russia started from 1933, 

during the last 70 years more than 60 new varieties were bred out from H. rhamnoides subsp. mongolica and H. rhamnoides subsp. rhamnoides through distant hybridization, radiation and chemomorphosis. The 

Russian varieties have many good characteristics such as large berries, 

high content of oil, high yield per plant and less thorns. Perhaps the highest yield per plant in the world was created by Russian varieties. Several famous varieties like “Orange”, “Chuisk”, “Superior”, “Sun”, and “Alay” have been successfully cultivated in the Northeast China.  

   3.2.2 Progress of Utilization of Genetic Resources of Hippophae In Germany 

            Seabuckthorn selection and breeding in Germany started from 1962s, till now about 27 varieties and breeding clones are collected in several German research institutes. Those collections include 9 collections from indigenous wild populations, 3 from crossing populations, 9 from open pollinated populations, 6 from crossing with H. rhamnoides subsp. mongolica clones (from Altai Mt. in Russia). Among those collections “Askola”, “Dorana”, “Frugana”, “Hergo”, “Leikora”, and a pollination variety “Pollmix” have been cultivated in Germany and introduced to some other counties.

   3.2.3 Progress of Utilization of Genetic Resources of Hippophae In Other Countries

            Based on using H. rhamnoides subsp. rhamnoides, Finland, Sweden, Estonia, Latvia, Lithuania, Poland, Belarus and the west part of Russia have their own breeding programs although they introduced many Russian varieties for tests.

            France, Italy, Switzerland, Southern Germany are using H. rhamnoides subsp. fluviatilis from Alps Mt. to breed their varieties. In the same time they are also testing some Russian and German varieties.

            Ukraine, Romania and Bulgaria selected some varieties from H. rhamnoides subsp. caucasica for tests.

            Canada has selected a good variety “ Indian Summer” from introduced H. rhamnoides subsp. rhamnoides. This variety has been cultivated in Canada and many exotic species and varieties are in tests.

             Bolivia has planted the seedlings of H. rhamnoides subsp. sinensis in area of 75 hectare. These seedlings are reported growing well there.

            Chile introduced 3 German and 6 Russian varieties for test in 1994. The results of testing shown that the German varieties performed better than that of Russia. The suitable area for German varieties is on S 53°in Chile.

             Pakistan, India, Nepal mainly use their local species H. rhamnoides subsp. turkestanica, H. salicifolia and H. tibetana to collect berries for producing products.

4. Prospect of Utilization of Genetic Resources of Hippophae 
4.1 Potential value of wild species of Hippophae

          As mentioned above, Hippophae is rich in diversity but only 4 subspecies are used in certain scale. The other 11 species and subspecies are very potential for selection and breeding. For example, H. salicifolia has the highest content of vitamin C ( 1400-1700 mg/100 g ) and its plant has very few thorns; H. tibetana has large berries ( 40-50g/100 berries ) and the highest seed oil content ( 18-19 %); H. neurocarpa and H. neurocarpa subsp. stellatopilosa are real oil seabuckthorn with 12-18 % of pulp oil and 10-14 % of seed oil; H. rham. subsp. caucasica has also large berries with long peduncles.  
Generalize all practical utilization of genetic resources of Hippophae, it can be seen that no one variety could be suitable for various environment in all counties that grow seabuckthorn. Each region or country should have their own varieties that adapt their weather and environment. Fortunately, the biodiversity of Hippophae provides a possibility to breed many kinds of varieties that could adapt many different countries all over the world.  

4.2 Prospect of Utilization of Genetic Resources of Hippophae 
       It seems that the most valuable species at moment are H. rhamnoides subsp. mongolica and H. rhamnoides subsp. rhamnoides, H. rhamnoides subsp. sinensis, H. rhamnoides subsp. turkestanica. Based on those 4 subspecies, many good varieties have been bred out and they have been successfully cultivated in many countries. But these varieties are far not favorite due to their some disadvantages. Through various breeding methods these varieties could be improved further by using other species and subspecies of Hippophae.  

        It is estimated that more than 20 countries have their own breeding programs on seabuckthorn. Each country has its localization of genetic resources so it is needed to make an international cooperation on exchange of genetic resources of Hippophae. It is believed that the favorite and superior varieties will be produced through wide international cooperation. 
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Seabuckthorn breeding on eco-economic improvement purpose

—Superior plant selection in F1 generation 

of ssp mongolica and ssp. sinensis
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It has been well know that the genes’ newly combination will result much variation within the filial generation, so the fine plant selection standards has been established based on the study of genetic character variation in F1 generation population which got by hybridization between ssp. mongolica and ssp. sinensis. 3 fine plant has been selected from 1500 female plants of filial generation population. 3 of them are with both parents advantages: like as growing is much better than parents and local sinensis; without any irrigation, the fruit size and fruit productivity of plant is much higher than average value of filial population, female parent and local sinensis, the selection intensity of fruit productivity is 3; the thorns are significantly less than selected population and siensis; the fruit with higher quality, especial oil and Ve content. But under water intimidate, the fruit productivity will be influenced, so forth more trails on resistance to hard ecological conditions of selected trees need done on different plantation sites. 

Key words: ssp. sinensis, ssp. mongolica, F1 generation, genetic variation, superior selection

Seabuckthorn is one of the most magical plant resources with higher value of economy and ecology. In China, the state input on seabuckthorn plantation for soil and water erosion control and environment improvement in semi-arid areas of north hills the gulls, at same time, the farmers get more income by seabuckthorn fruit harvesting, and the processing companies achieve a great industry profit by seabuckthorn products. 

    Seabuckthorn plantation area is more than 1.5 million hm2, but almost all the seedling are seedlings of spp. sinensis, which are with strong resistance to dry weather and poor soil conditions, with rich bio-chemical substances in fruit [1][2], but it has a small fruit size, short pedicel and heavy thorns[3]. 

    The advantage features of ssp. mongolica, mainly distributed Russia, Mongolia, especially the superior varieties selected form their population, are with big fruit size, long pedicel, more yield and less thorns as well as easy for harvesting [4][5][6]. Since later of last 80’s , a large number of seabuckthorn cultivated varieties have been introduced from Russia and Mongolia, which have been proved that the introduced varieties were easy to be infected by pathogenic bacteria and insects, not suit to the arid or semi-arid climate in north and north west of China. So the first thing the breeders take consideration is how to use these rich seabuckthorn resources in breeding programmer. 

Since last 80’s, the seabuckthorn breeding has achieved a great achievement by three ways, first one is research to the natural seabuckthorn resources distributed in China, and got the superior provenance by provenance trails, and also got some superior families and then established their progeny testing plantations [1] [2]. The second way is introduction, lots of cultivated seabuckthorn varieties were introduced from Russia and Mongolia, most of them are ssp. mongolica, some cultivated varieties have been practiced in cultivation after selection and clone trails. The third is now we did is hybridization between sub-species (ssp. sinensis and ssp. mongolica). 

This paper introduced one of the hybridization and superior plant selection in F1 population. 

1. Hybridization method

1.1 the objectives of hybridization breeding 

The concept of eco-economy breeding was proposed based on the Chinese condition: great 

population, less cultivated lands [12] [15] [16]. The objectives of this research is to achieve the superior plants by selection from F1 population of ssp. sinensis and ssp. mongolica, which are with big fruit size, less thorns, rich bio-substances as well as with higher capability to resistance hardy eco-condition [14]. 

1.2  Material selection  

1.2.1 Female parent

“Wulanshalin” as the female parent is the clone selected from the seedlings of “Ulanugon” 

with the features as following. Tree height is about 1.5-2m, the shape is bush like, fruit colour is orange-yellow, the pedicel is 4 mm long, the 100 fruit weight is 50 g growing under better soil and water, single plant yield is about 5 kg, almost no thorn on branches, the leaves long is 5-6 cm, the width is about 8-9 mm. 

1.2.2 Male parent

   “Fengning” as the male parent is the superior eco-type selected from the ssp. sinensis population of Fengning, Heibei province. It’s height is about 2-2.5 m, bush’s shape, less thorns, leave’ longs 5-6 cm, width is 8-9 mm. 

1.3 Hybridization 

1.3.1  Sub-species of sinensis and mongolica have a corresponding florescence period in China, so the artificial pollinated was done in 1997, and the seeds of F1 were gotten by hybridization, about 5000 seedlings gotten in 1998. 

1.3.2  F1 progeny testing plantation

In 1999, the F1 testing plantation established at seabuckthorn breeding base of Jiuchenggong,  Inner Mongolia (Picture 1). Total 4900 plants were planted in 1m×3m way, about 1.5 hm2. The soil within 2 meters deep are sandy soil which are poor for water preserve. The under ground water is beyond 2 m, the water content in soil is so low. Under such poor condition, the F1 seedlings not only can grow well but also can bloom and bear fruit well. 

3056 plant preserved in 2003, the preserved rate is 62%, male and female plants is 1 to 1,  most plants grow well in progeny testing plantation. 

2. Method of superior plant selection 

In 2002, the F1 population began to bear fruit. In 2003, most of the plants had a certain yield. 

The superior plant selection are established base on the study of F1 population phenotype’s variation.

2.1 Features of phenotype and variation of F1 population 

   The research objectives are followings: 50 female sample plants from F1 population, 10 plants from female parent clone population, and 50 female plants from local sinensis artificial plantation. The value of phenotype features from different populations are shown in the table 1. The Fig 1, Fig 2, Fig 3, Fig 4, Fig 5, Fig 6 shown the frequency of phenotype’s features from different population. 

Table 1  Phenotype features of populations（2003, 2004）
	
	F1 population
	 Female 
	 sinensis population

	Heiht（cm）
	222
	132
	161

	 Crown diameter（cm）
	186
	150
	172

	Thorns（thorns/10cm）
	1.34
	0.2
	3.5

	 Fruit long (mm)
	8.0
	8.7
	5.9

	 Fruit shape coefficient 
	1.03
	1.19
	0.98

	Pedicel long (mm)
	3.0
	3.7
	2.0

	100 fruit weight (g)
	26.2
	28
	11.8

	 Yield (kg/plant)
	0.92
	1.2
	1.08
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The figures above showed that the phenotypes have much variation because of gene re-combination from male and female parents in the F1 population. The plant height and growing power of filial plants are more stronger than parents population, about 84% of F1 plants, 100 fruits weighs over 20g, (sinensis only 4% plants ) and 78% of F1 plants, the pedicel is longer than 2.5 mm, (14 % only in sinensis). And 84% plant in F1 population, the thorns density is less than 2 thorns /10 cm, (only 2% plants in sinensis). And no disease infected plants had been found in the F1 population. Table 2 is the phenotype CV values of F1 and local sinensis population. 

Table 2   CV (%) values of phenotype 

	Features
	F1 population
	sinensis population
	Average 

	Height 
	19.9
	20.9
	20.4

	Crown
	19.6
	19.5
	19.6

	Ground diameter
	22.4
	33.9
	28.2

	Fruit length
	9.9
	9.7
	9.8

	Fruit width
	8.3
	8.8
	8.6

	100 fruit weight
	22.7
	23.6
	23.2

	Pedicel 
	17.9
	19.6
	18.8

	Yield
	176.5
	107.5
	142.0

	 Thorns on fruit branch
	53.3
	19.2
	36.3


From this table, we can find that some features have a great variation in seedlings plantation, for example the productivity of plant and the thorns on new sprouts. It means we can get more better plants with great improvement on these phenotype features. But it is difficult to choose ones with other features, especially the improvement on fruit size and long pedicel. 

2.2  The criteria of superior plant selection

But as a matter of fact, it is impossible for us to get single plant excellent enough to be with every features best. So according to the degree of importance, we gave the different weight to some key features: 0.1 to volume of tree, 0.3 to plant productivity, 0.3 to 100 fruit weight, 0.1 to fruit pedicle and 0.1 to thorns on new sprout. we got the comprehensive selection index, and put them in order (table 3)

Table 3  Front 10 plants in comprehensive selection index list
	
	Volume of crown（m3）
	yield

（kg）
	100 fruit weight 

（g）
	Pedicel 

（mm）
	thorns

（thorns/10cm）
	Selection index

	1
	5.2
	1.910
	24.90
	3.4
	1.64
	0.406

	2
	5.4
	0.870
	35.70
	3.2
	1.21
	0.427

	3
	4.4
	2.600
	21.00
	3.3
	0.29
	0.438

	4
	5.0
	2.500
	27.20
	3.1
	1.25
	0.445

	5
	5.1
	1.800
	29.80
	4.1
	0.89
	0.455

	6
	5.2
	0.050
	27.00
	3.4
	0.06
	0.519

	7
	5.9
	1.700
	43.70
	3.6
	0.25
	0.576

	8
	6.2
	5.000
	30.60
	3.2
	1.44
	0.610

	9
	4.4
	5.200
	35.80
	2.7
	0.34
	0.652

	10
	7.0
	5.900
	28.80
	3.2
	0.66
	0.660


But the comprehensive selection index is not the only criteria for our selection. For example, the No. 7 is with bigger fruit size, less thorns, and the pedicel is longer, but the productivity is lower; the No. 8 is with bigger fruit size, higher yields, but the thorns are heavy. So we have done the regulation to the criteria based on our breeding objectives (Table 4). 

Table 4   Criteria of selection of “ mongolica ×sinensis”
	Traits
	Volume of crown

（m3）
	Weight of 100 berries

(g)
	Productivity

(kg/plant)
	Pedicel

(mm)
	Thorns 

（thorn/10cm）

	Standard
	＞4
	＞30
	＞5
	＞2.5
	＜1


3.  Superior plants selected

3.1 Comparison of phenotype features between filial and parent populations

   In filial population, 3 superior plants (plus tree) have been selected, the ration of selection is 1/500 (0.002). 

    Selected plant No1 is with form of low bush, 170 m high, with open crown and harder branches. It is most like male parent, its fruit is ball-shape with dark yellow colour, the mature time is middle of August (Picture 2).

   Selected plant No10 is with the form of small arbor tree, 230 m high, with dense branches, its fruit are ball like, orange colour, the mature time is about August 10, more feature are like the female parent, less thorns (Picture 3).

   Selected plant No12 is form of bushes, 220 m high, open crown, the fruit are ball like, with light orange-yellow colour, the mature time is middle of August, more fruit branches (367 branches) , less thorns  (Picture 4).

Table 5 is the information about the features of selected superior plants, female parent, and local ssp.sinensis population. 

Table 5   Phenotype features of selected superior plants (August, 2003)
	Selected plants or Population
	height

（cm）
	Average crown

（cm）
	 Value of crown

（m3）
	Weight of 100 berries

(g)
	 Pedicel (mm)
	 productivity

（kg）
	thorn（thorn /10cm）

	No. 1
	170
	186
	3.1
	41.2
	3.0
	7.4
	1.3

	No.10
	238
	189
	4.4
	35.8
	2.7
	5.2
	0.34

	No. 12
	220
	233
	6.2
	30.6
	3.2
	5.0
	0.90

	average
	209
	202
	4.5
	35.9
	3.0
	5.9
	0.85

	F1 population.
	222
	178
	5.1
	26.0
	3.0
	0.84
	1.4

	Female
	132
	150
	1.6
	26.0
	4.7
	0.10
	0

	Sinensis population
	161
	172
	2.7
	13.9
	2.0
	1.5
	3.5


In one word, we gave a summary to selected superior plants, (1) the plant growing is close to the filial population, but obviously better than female population and local sinensis; (2) during the rich raining years, without irrigation condition, the fruit productivity is significantly more than filial population and female and local sinensis population; (3) the thorns are not less than female parent, but much less than filial population and local sinensis. 

3.2  Composition analysis of superior plants

   In August 2003, the fruit of selected plants and local Chinese seabuckthorn were collected as the analysis samples, the analysis results are as follows.

Table 6  Vitamins content of selected plants and sinensis (mg/100g)

	
	Vc
	Ve
	β- carrotene
	Total amino acids

	No.1
	117.0
	17.45
	1.89
	492.5

	No.10
	313.4
	10.19
	6.05
	489.6

	No.12
	277.5
	6.20
	3.00
	532.2

	sinensis 
	444.5
	2.25
	3.09
	634.0


Table 7  Content of fruit oil and seed oil (%)

	
	No. 1
	No. 10
	No. 12
	sinensis

	Fruit oil 
	3.9
	2.9
	4.2
	1.4

	Seed oil
	9.1
	9.4
	5.7
	6.7


Table 8  Fatty acids in fruit oil (%)

	
	Palmitic 
	Palmitoleic
	Stearic acid
	Oleic
	linoleic
	linolenic

	No. 1
	37.8
	32.8
	1.60
	18.1
	7.5
	0.65

	No. 10
	40.3
	35.2
	0.98
	13.5
	8.0
	0.74

	No. 12
	36.8
	37.4
	0.84
	13.0
	9.7
	0.70

	sinensis
	27.6
	29.4
	0.41
	18.6
	6.2
	0.95


Table 9  Fatty acids in seed oil (%)

	
	Palmitic 
	Palmitoleic
	Stearic acid
	Oleic
	linoleic
	linolenic

	No. 1
	11.3
	4.3
	2.24
	21.6
	32.2
	26.8

	No. 10
	9.9
	3.4
	2.02
	19.1
	29.7
	33.2

	No. 12
	14.2
	8.4
	1.32
	13.5
	26.6
	25.3

	sinensis
	17.3
	7.9
	0.79
	19.4
	28.1
	20.7


   From the tables, we can find that (1) Vc of selected plants are obviously less than local sinensis, No. 1 only 26% of sinensis, No. 10 is highest in 3 selected plants, 70.5% of Chinese seabuckthorn, but Ve is much higher than sinensis, the highest No.1 is nearly 8 times of sinensis, the lowest No. 12 is over 2 times of sinensis. The content of carotene changes with the colours of fruit, and the total amino-acids are all less than the content in fruit of sinensis. (2) the fruit oil and seed oil are much higher than local sinensis fruit, content both fruit oil and seed oil have gotten a better improvement in the selected plants. The composition of fatty acids in oils have a difference, but no much found compared with that in sinensis. (3) every composition are changeable within different population and different plants either. The bio-chemical composition is important, but the most important is the fruit of productivity of plant. 

3.3  The fruit productivity of selected plants 

The Figs shown that the productivity of selected plants have a great variation with the quantity of fruit born by years. In 2003, it was a rich raining year, the precipitation is 513 mm, falling down of fruits was not happened, but in 2004, which is with poor raining year, the fruit falling were very serious in F1 population, even the selected superior plants. The yield have a heavy lost on No. 1 and No. 10, but the No. 12 was light of fruit falling. The fruit size became smaller, but the quantity of fruit born branches increased, the total productivity was not lessened. 
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The reasons caused the fruit falling are two of them. One is the drought and the other is the lower capability for resistance of plants.

It well be know the drought will result in the fruit falling, not in seabukcthorn, but in most of the fruit trees[17] [18] [19] [20]. The variation of different resistance within single plants are caused by the genetic re-combination by hybridization. In 2004, investigated 50 plants chosen freely from the filial population, fruit falling happened in about 2/3 plants. But very few plants had been found to have fruit falling within 50 investigated plants in sinensis population same year.    

This show us the sinensis has a higher capability to resist drought condition, both to arid air condition and dry soil condition. In Jiuchenggong, not only less precipitation, but also heavy evaporation and poor soil raining water preserved. So it is obvious that drought air condition and poor soil environment caused the heavy fruit falling. But we hope we selected one best plant from filial population crossed by mongolica and sinensis. 

Conclusion:

(1) the F1 generation population crossed by mongolica and sinensis can grow well and bear fruit under semi-arid ecological conditions;

(2) all the phyonetype features have a variation in F1 population compared with parents population, growth in height exceeds the parents population, more plants in F1 population, the weight of 100 fruit are over 20 g, the pedicel are longer than 2.5 mm, the mature time is early than sinensis, the thorns are much less than male population, under poor eco-condition, the productivity is similar to parent population. No disease has been found in F1 population. 

(3) Selected plants are with fine features both parents, their growing better than parent population, fruit size and productivity are much bigger and higher than F1 and parent populations, the thorns are less than F1 population and sinensis population. The content of Vc and Ve are high by bio-chemical composition analysis. 

(4) Drought have a great effect to fruit productivity of F1 population, so the forth more testing on their resistance need to be done under different eco-conditions, and then selected varieties with both more higher ability to resistance to poor eco-environment and high fruit productivity and fine quality. 
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Abstract 

Authors made experiment and study on introduction of seabuckthorn and its bio-ecological Characters at Ansai and Wuqi county Shaanxi Province in semiarid loess region in 1994-2005. Through introduced more 20 fine form of seabuckthorn from different geographical source in China, introduced 12 fine species of seabuckthorn from Russian. 5 species of eco-economical form and 3 species of economical form was selected. The former have characters of fast growth, thick canopy, developed roots and bigger fruit (diameter of fruit reach 0.8~0.9cm, weight per 100 fruit is 22~31g), fruit yield of one plant is 2~3.5kg, higher Vc and oil content. Its ecological and economic properties are better than native wild seabuckthorn, but it has short fruit stalk and branch thorn. This form is fit for large-scale planting on gully and slope of hilly region. Introduced 3 fine species of Russian seabuckthorn (Orange, Ajula, Zirianka) were tentative selected. Its diameter of fruit is 0.9~1.3cm, weight per 100 fruit is 45~52g, fruit stalk 4~6.5mm, being 2~3, 6~7 and 4~6 times of that of local Chinese seabuckthorn respectively. Fruit yield of one plant is 2~4kg, and few or no thorn. Their resistibility and adaptability especially to dry and high temperature are worst than that of local Chinese seabuckthorn, so their growth is slower, fruit mature early. Experiment shows that fine Russian seabuckthorn species introduced directly to semi-arid loess region can，t obtain better results, while crossbreed of Russian seabuckthorn with Chinese seabuckthorn has better adaptability in this region, but its transmissibility is not stable. So it is necessary to selection and breeding further crossbreed with fine inheritance stability. This is an important direction for selection and breeding fine seabuckthorn species in semiarid loess region.

Key words: seabuckthorn; semiarid loess hilly region; fine varieties; introduction 
Having characteristics of strong adaptability to environment, easy propagation, high ecological, economical and social benefits, seabuckthorn(Hippophae rhannoides h.) is a fine tree species of breaking wind and fixing sand, conserving soil and water and improving ecological environment as well as a rare plant resource of having luxuriant nutrition and medical care values.  Construction of seabuckthorn resource is regarded as a fundament of seabuckthorn trade sustainable development along with the deep development of comprehensive processing and utilizing seabuckthorn resource in China in recent years. Now, seabuckthorn planted in the country is generally wildlife plant forms having the characteristics of little fruit, more thorns, difficult harvest and low output. To introduce，select and breed the improved seabuckthorn varieties is becoming one of the main projects of the national seabuckthorn scientific research. According to the content of research projects given by the Committee of Shaanxi Science and Technology and the Ministry of Water Resources，seabuckthorn experimental team of Institute of Soil and Water Conservation of the Chinese Academy has developed the introducing, selecting and breeding seabuckthorn experimental research in Wuqi and Ansai counties of Shaanxi province from 1993 and some results are obtained. The experimental research are introduced as follow as:

1 Natural condition of experimental region for introducing seabuckthorn species
Wuqi experimental area lies in the northwest of Wuqi county, geographical location is north latitude 36 o 41＇~37 o 24＇east longitude 107 o 36＇~108 o 32＇, belongs to girder- hill shape region of Luohe headstream, vegetation belongs to shrub-prairie region of temperate zone. Altitude is 1365~1650m. Soil is loess loam. Mean annual temperature is 7.5℃,and the lowest is -27℃,the highest is 35.5℃. Mean annual precipitation is 380mm，non-frost duration is 120 days. Ansai experimental area lies in the loess hilly and gully region of Ansai county, Shaanxi province，geographical location is north latitude 36 o 43＇~36 o 46＇，east longitude 109 o 14＇~109 o16＇，vegetation belongs to forest-prairie region of temperate zone. Soil is loess loam. Altitude is 1013~1431m. Mean annual temperature is 8.8℃, non-frost duration is 159 days. Mean annual precipitation is 531.4mm，the dry index is 1.14.  There are natural seabuckthorn forest and larger area of seabuckthorn plantation in Wuqi and Ansai counties, which need to be improved and renewed by means of inheritance.

2 Material and measures
We have introduced 20 fine seabuckthorn forms of different geographical seed sources and 14 fine seabuckthorn breeds of bigger fruit and non-thorn from Russia, meanwhile, analyzed their ecological adaptability and varied characteristics of bio-ecology and inheritance contrastively and brought up fine seabuckthorn species of eco-economical and economical forms suitable to the semi-arid loess hilly region.  The experimental plot area is 20~60m2,density of plants is 3m×1m. The measures of fine seabuckthorn introduction and selection usually use the genealogy selection. Selecting fine individual seabuckthorn from the gene resource of introduced fine seabuckthorn species for sexual reproduction and clone, then conducting the experiment of breed selection, we can bring up fine seabuckthorn species having the characteristics of fine inheritance, strong adaptability, high output and quality. 

3 Results and analysis

3.1 Introducing, selecting and breeding of eco-economic form fine seabuckthorn species

There are serious soil and water loss, frail ecological environment and exiguous vegetation in the semi-arid region of loess plateau. Seabuckthorn has strong vitality in the waste gully and slope of the region. In order to establish high yield and fine quality seabuckthorn forest rapidly and develop seabuckthorn industry successively, the objective of introduction and selection of fine seabuckthorn must give priority to eco-economic fine seabuckthorn forms and give attention to economic seabuckthorn forms development. In order to carry out the objective, to survey widely and collect abundant seed resource of Chinese seabuckthorn subspecies is a basic work.  By means of collecting fine seabuckthorn species of 8 provinces (municipalities) of northern China from the year of 1985 to 1998 including Fu and Huanglong counties of shaanxi province, Weiyuan county of Gansu province, Datong and Guide counties of Qinghai province, Chifeng city of Inner Mongolia municipality, Youyu and Zuoyun counties of Shanxi province, Zhuolu county of Hebei province, Guyuan and Jingyuan counties of Ningxia municipality, Hetian county of Xinjiang municipality, we have analyzed and selected the fine seabuckthorn species which can satisfied the requirement of transmissibility in the above experimental region, and have analyzed contrastly the height above sea level, soil property, illuminative and biological conditions of the introducing regions. The seed resources region lies in north latitude 35o~45o,which is similar to the natural condition of experimental region. The experimental results have showed that the introduced subspecies of Chinese seabuckthorn are better in two areas of Wuqi and Ansai counties，have stronger adaptability and grow normally in the regions，but still have difference in nutrition and economic properties(tab.1). The nutrition and economic properties comparison of introduced eco-economic seabuckthorn species growing better in Ansai and Wuqi counties are showed in Tab.1.2. The results have showed that the seabuckthorn nutritional properties of the western species sources such as Weiyuan of Gansu province and Huanglong and Fuxian of Shaanxi province seabuckthorn species are generally better than eastern species resources such as Jianping of Liaoning province and Zhuolu of Hebei province. These plants are higher (3~3.4m) and have advanced roots (the roots of 3~5 years can elongate 3~4m)， their roots have strong capability of reproduction (the plant of 3 years old can reproduces 5~10 seedlings by rooting). Seabuckthorn species introduced from the east has bigger fruit, the fruit diameter is 0.7~0.9cm, fruit yield of a plant is 2~35kg. According to the contrastive analysis on stem, leaf and fruit nutritional components of seabuckthorn showed in tab.3, the species introduced from Weiyuan of Gansu province has high Vc content. Its crude fat content in the leaf, stem and fruit of each region is also high.

Tab.1     Growing situstion of Chinese seabuckthorn of Eco-economic type 

	No.
	Source of seeds
	Site condition
	Height of plant

(m)
	Crown

(m)
	Diameter at butt end

(cm)
	Number of thorn on 10 cm branch

	GW1-34
	Weiyuan,Gansu
	 Shade slope
	3.3
	1.7×1.8
	5.6
	2

	SF2-8
	Fuxian,Shaaxi
	 Gully slope
	3.4
	1.9×3.1
	5.4
	2

	CK
	Wuqi ,Shaanxi
	 Shade slope
	3.2
	1.5×1.6
	4.3
	5

	SH2-2
	Huanglong,shaanxi
	 Semi-sunny slope
	     2.7
	   2.1×2.3
	     4.9
	1

	HZ7-4
	Zhuolu,,Hebei
	 Semi-sunny slope
	2.6
	2.0×1.8
	5.5
	3

	LJ12-6
	Jianping,Liaoning
	Semi-shade slope
	2.5
	1.8×1.9
	4.5
	3

	CK
	Ansai, Shaanxi
	 Semi-shade slope
	2.8
	1.9×2.2
	4.6
	6


Note: Surveyed seabuckthorn is 6 years of stands. 
Tab.2   Fruit phenotype character of Eco-economic type of Chinese seabuckthorn

	No.
	Shape of

fruit
	Color of

fruit
	Taste of

fruit
	Length of

Fruit stalk

(mm)
	Diameter 
of fruit

(mm)
	Weight of 
100 fruits

(g)
	Fruit yield of
  per plant

(kg/plant)

	GW1-34
	oblate
	  orange
	  sweet
	2.0
	8.0~9.0
	31
	3

	SF2-8
	oblate
	  yellow
	  acid
	1.9
	7.0~8.0
	22
	2

	CK
	oblate
	orange
	acid
	    0.9
	4.6~5.0
	6.7
	0.15

	SH2-2
	oblate
	orange
	acid- sweet
	    1.5
	7.0~8.0
	22
	1.8

	HZ7-4
	oblate
	yellow
	Sweet- acid
	    1.4
	8.0~9.0
	24
	3.5

	LJ12-6
	oblate
	orange
	acid- sweet
	    2.0
	7.0~7.5
	26
	2

	CK
	oblate
	orange
	acid
	    1.0
	5.0~6.0
	7
	0.2


Tab.3   The fruit nutritive compositional analysis of Chinese seabuckthorn 

	No.
	Source of seeds
	Vc
(mg/100g fruit juice)
	Total of 
organic acid (%)
	Crude fat
 (%)
	Crude protein 
(%)
	Total soluble sugar
 (%)

	GW1-34
	Weiyuan of Gansu
	1377.8
	12.30
	10.22
	1.65
	10.42

	CK
	Wuqi
	1295.2
	13.20
	9.86
	0.98
	9.86


   We have selected 5 better species of eco-economic seabuckthorn forms through the research of nutritional and economic properties variation of 800 plants, 20 species fine seabuckthorn forms.  The number and source of seeds are that No. GW1-34 is from Weiyuan of Gansu province, No. SF2-8 is from Fuxian of Shaanxi province，SH2-2 is from huanglong of Shaanxi.  No. HZ7-4 is from zhuolu of Hebei province, No. LJ12-6 is from Jianping of Liaoning province. Nutritional and economic properties of these fine forms are obvious better than the contrast (Tab.1, 2, 3). To observe from economic properties, their fruits are bigger than wild Chinese seabuckthorn and the fruit diameter is 0.8~0.9cm, the weight of per 100 fruit is 22~31g, the fruit yield of per plant is 2~3.5kg, the amount of fruit oil is 6%~8%. Wild seabuckthorn species has strong adapatability to environment, but their fruits are small, the output is low, diameter of fruit is 0.4~0.6cm, weight of per 100 fruit is 6~7g, fruit yield of per plant is 0.15~0.2kg. Therefore, the 5 fine seabuckthorn forms are better than the local wild seabuckthorn and may be breed and extended gradually.
3.2 Introducing, selecting and breeding experiment of economic seabuckthorn form Russia

In order to select and breed fine seabuckthorn species for different objectives in the semi-arid loess hilly region, establish intension plantation and commercial base rapidly and high effective productive systems of product process and resource cultivation, fine economic seabuckthorn forms must be introduced and selected fleetly. Some remarkable results in the aspect of selecting and breeding new seabuckthorn species have been obtained in Russia. Adopting the breeding measures of synthesis，physical and chemical inducing change and multiploid，the Russian has breed 60 fine seabuckthorn species for 70 years and which is regarded as the first one in the word. In the period of 1995~2000 years, Institute of Soil and Water Conservation belonging to the Chinese Academy and the Ministry of Water Resources has introduced 4 kind of Russian Buliyate fine seabuckthorn species of Ajula, Orange, Ayaganka and Musike(male) from Qiqihaer Horticulture Institute, cross varieties of Russian Qiuyisike with Chinese seabuckthorn and Mongolia Wulangemu with Chinese seabuckthorn from Dengkou of Inner Mongolia municipality and Russian Cuyi, Qiuyisite with Chinese seabuckthorn respectively from Fuxin city of Liaoning province in 1997.  10 species of big fruit and no thorn fine seabuckthorn were introduced from Novosibirsk Russia in 1998~2005. The experiment results show that the introduced fine Russian seabuckthorn species has better economic properties, worse nutritional properties, slower growth and lower plant form than the Chinese wild seabuckthorn. The main reason is that the introduced fine Russian seabuckthorn has lower adaptability and resistant capability, especially lower resistant capability to dry, high temperature in summer and plant diseases and insect pests. The introduced Russian seabuckthorn planting in Ansai dry field has 60% of survival seedlings in the first year, 40% and 20%~30% in the second and the third years respectively. A part of survived plants of Ayaganka has died gradually after 2~3 years. Chinese seabuckthorn subspecies and Russian seabuckthorn   are faster in germination and emergence of seedlings. In general, if water and heat condition is suitable, seed begins to imbibe after 2~4 days, there was emergence of seedling after 7~14 days. The lowest soil moisture for seed sprouting of Chinese seabuckthorn is 6%~8%, optimum is 15%~20%. The soil moisture for seed spouting of Russian seabuckthorn is higher than the former. Chinese seabuckthorn grows fast, its resisting cold，drought and poor fertility gradually strengthens after 2 years.  In the semiarid loess region of Wuqi and Ansai County, Chinese seabuckthorn still grew very well and had vigorous growth on the steep-slop in drought years (annual precipitation was 188~275mm), but growth and adaptability of introduced Russian seabuckthorn were weak.  In dry winter, Russian seabuckthorn had die-shoots at seedling or mature stage, after fruiting, it has defoliation and fruit matured early (20 June to 20 July) and some fruits dropped after maturation. But the cross varieties of Russian seabuckthorn with         Chinese seabuckthorn grow well. Compared the former 4 species, the preservation and growth potential of Orange seabuckthorn species is best and the second is Azula and Zirianka. The plants of introduce seabuckthorn species generally come into leaves after blossoming in April and grow rapidly， the fruit becomes bigger gradually in the period of May to June. The fruit becomes ripeness in August, earlier than Chinese seabuckthorn.  Russian seabuckthorn species start to grow fruit in the fourth year and abundant fruits in the fifth year. Its fruit yield of per plant is 1.5~3.5kg. The results in Tab.5 show that individual plant such as No. 95-B3, No.95-C and No.98-D has better economic properties in the Azhula species. Diameter of the fruit is 9.2~13mm, weight of per 100 fruit is 45~52g and length of fruit stalk is 4~6.5mm, these are respectively 2~3, 6~7 and 4~6 times of local wild Chinese seabuckthorn (Tab.4,5,6).  Russia seabuckthorn has the characteristics of big fruit, no-thorn and high yield, quality and contents of oil and absorbable substance， which are just important genetic materials of introducing and selecting economic seabuckthorn forms and the need of improving the Chinese seabuckthorn. According to the complementary principle of parent advantages, we can breed seabuckthorn species of high output and quality, clonal and economic forms. Meanwhile, these species have Russia seabuckthorn’s fine characteristics of big fruit, no-thorn and high content of plant oil as well as Chinese seabuckthorn’s fine characteristics of adaptability, strong resistance, high content of absorbable substance such as Vc by means of crossbreeding to combine fine inherited gene.  The adaptability and growth potential of cross varieties of the Russian seabuckthorn with Chinese seabuckthorn are all well.  Height of 4-years plant is 1.7~2.3m, length of new branch is 30~48cm, but measured properties vary largely and stability of inheritance should be observed successively.
Tab.4    Growing situation of introduced seabuckthorn from Russia  （2003年）
	No.
	Name of introduced varieties
	Source
	Height
 of plant

(m)
	Crown

(m)
	Diameter

at butt end

 (cm)
	Thorn number
 of branch

	95-B
	Orange
	Ulan-ude
	1.7
	1.3×1.4
	2.0
	None

	95-C
	Ajula
	Ulan-ude
	2.4
	1.4×1.6
	2.4
	Few

	98-D
	Zirianka
	Novosibirsk
	1.8
	1.2×1.4
	2.8
	Few

	CK
	Chinese seabuckthorn
	Ansai,China
	2.8
	1.9×2.2
	3.9
	6


Tab.5    Fruit phenotype character of introduced seabuckthorn from Russia

	No.
	Name of introduced varieties
	Shape 
	Color 
	Taste
	Length 

of stalk

(mm)
	Diameter 
 (mm)
	Weight of 
100 fruits

(g)
	Fruit yield of  per plant

(kg/plant)

	95-B
	Orange
	cylinder
	Orange
	Acid sweet
	5.4~6.5
	8.9~10
	44.5~50.3
	1.5~3.0

	95-C
	Ajula
	cylinder
	yellow
	Sweet acid
	4.0~5.5
	9.2~13
	48.1~52.0
	1.5~2.0

	98-D
	Zirianka
	cylinder
	Orange
	Acid sweet
	4.0
	9~11.0
	46.0
	1.6~3.5

	CK
	Chinese seabuckthorn
	oblate
	Orange
	acid
	1.0
	3.8~4
	7.1
	0.2~0.23


Tab.6  The fruit nutritive compositional analysis of introduced Russia seabuckthorn 

	No.
	Name of introduced varieties
	Vc
(mg/100fruit juice)
	Total of 
organic acid (%)
	Crude fat
 (%)
	Crude protein 
(%)
	Total soluble sugar
 (%)

	95-B
	Orange
	345.9
	8.45
	6.50
	1.46
	5.50

	95-C
	Ajula
	388.9
	7.56
	7.45
	1.84
	6.80

	98-D
	Zirinka
	365.7
	7.83
	8.79
	1.75
	7.46


From the results of introducing experiment in Ansai showed that the effect of introducing Russia fine seabuckthorn species to the semi-arid loess hilly region directly is worse but to Ansai through introduction and domestication in transitional region is better.   Fine seabuckthorn seeds from Siberian region of Russia are sowed for continuous 3 years in the duration of 1993~1995 year, the rates of germination and seedlings are 40%~50% and 30%~35% respectively. The young plants grow slow, have poor potential of growth and are 6~10cm high in the same year. Most young plants have died from the disaster of freeze and drought during winter and there are few survival plants in Ansai now. The main reason is that there is larger difference on geographical location and environmental condition between Russia and Ansai loess hilly region. Siberia and Wulanwude’s geographical locations of Russia are north latitude 51º~53º belonging to high cold region and Ansai loess hilly region is north latitude 36º.  Better introducing results can be obtained if Russia fine seabuckthorn species breeds are introduced to Fuxin (north latitude 42º) of Liaoning province and Qiqiha’er (north latitude 47º) of Heilongjiang province as introducing transitional regions then middle latitude region (north latitude 40º).  Experiment shows that fine Russian seabuckthorn species introduced directly to semi-arid loess region can，t obtain better results, while crossbreed of Russian seabuckthorn with Chinese seabuckthorn has better adaptability in this region, but its transmissibility is not stable. So it is necessary to selection and breeding further crossbreed with fine inheritance stability.  This is an important direction for selection and breeding fine seabuckthorn species in semi-arid loess region (Tab.7,8,9).
Tab.7        Phenotype character of crossbreed first generation（F1）of 

Russian seabuckthorn×Chinese seabuckthorn
	No.
	Name
	Introduced region
	Height of plant
	Crown
	Thorn number of 10 cm branch
	Fruit Diameter 
 (mm)
	Weight of 
100 fruits

(g)
	Fruit yield
of  per plant

(kg/plant)

	97-C1
	Qiuyisikea(♀) × Chinese seabuckthorn
	Dengkou of Inner Mongolia
	1.9
	1.4

×
1.9
	3
	8.5~8.0
	48
	3.2~3.6

	97-D5
	Qiuyisikea(♀) ×Chinese seabuckthorn
	Fuxin of Liaoning 
	2.3
	  1.9 

×
 2.0
	2
	8.5~8.3
	42
	3.0~3.5

	97-C5
	Wulangemu(♀) ×Chinese seabuckthorn
	Dengkou of Inner Mongolia
	1.9
	1.4

×
1.7
	3
	8.1~7.4
	31
	2.0~3.5

	02-A
	Orange(♀)

×Chinese seabuckthorn
	Ansai

Of

Shaanxi
	1.7
	  1.5

×

1.9
	2
	12.0~9.0
	41
	1.8~3.2

	02-B
	Agula(♀)

×Chinese seabuckthorn
	Ansai

Of

Shaanxi
	1.8
	1.4

×
1.9
	2
	11.0~9.0
	40
	1.9~3.8


Tab.8 Phenological period of introduced seabuckthorn in semi-arid loess region(2000~2004)

	No
	Name
	Date of bud breaking

(d./Mon.)
	Date of flowering

(d./Mon.)
	Date of fruit maturing

(d./Mon.)
	Date of Leaf falling

(d./Mon.)
	Growing days

	95-B
	Orange
	1/4~15/4
	16/4~30/4
	20/6~20/7
	15/8~15/9
	138~153

	02-A
	Orange  ×

Chinese seabuckthorn
	1/4~15/4
	16/4~30/4
	20/7~30/8
	20/10~16/11
	168~183

	CK
	Chinese seabuckthorn
	1/4~15/4
	16/4~30/4
	20/9~30/9
	1/11~30/11
	229~244


Tab.9   Adaptability of introduced seabuckthorn in Semi-arid loess region  （1995~2004）
	No
	Name
	Resistance to cold 
	Resistance to drought 
	Resistance to high temperature 
	Resistance to disease and insect

	95-B
	Orange
	Middle
	Weak
	Weak
	Weak

	02-A
	Orange  ×

Chinese seabuckthorn
	Good
	Middle
	Middle
	Middle

	CK
	Chinese seabuckthorn
	Good
	Good
	Good
	Middle


During the process of introducing, selecting and breeding fine seabuckthorn species, key techniques of planting and managing seabuckthorn should be given more attention to and done well.  To combine introduction to breeding and establish clone spike–picked gardens and multifunction seed gardens are necessary for doing well the work of selection, introduction, breeding and reproduction of seabuckthorn. It is important to grasp the techniques of dry-resistant nursing seedlings and twig and hard branch interposition in semi-arid loess hilly region because of serious drought of soil and atmosphere. Seabuckthorn plants are very frail in the phrase from germination to seedling, resistant capability of drought and high temperature on the ground surface is low and need the managerial measures of watering, overshadowing, scarifying, weeding and fertilization after seabuckthorn sowed and interposed. When the introduction seabuckthorn species garden is established, the density of plants should be grasped well, which distance between plants and row spacing are 3×1 or 3 ×2 better. The depth of planting is 0.4~0.5m for maintaining definite soil water. The planting of seabuckthorn is better in earlier spring and last stage of autumn. After the planting of seabuckthorn, it is necessary to grasp the techniques of foster management especially water and fertilizer management and scientifically fruit-picked techniques.  It is also necessary for the improvement of their genetic quality gradually to establish high yield seabuckthorn garden and a base of breeding fine seabuckthron species where have a definite area and are intensively managed and to select fine seabuckthorn’s group, individual and material of inheritance and breeding ulteriorly.

4. Conclusion and discussion

4.1 We have selected 5 economic form seabuckthorn species from Chinese seabuckthorn subspecies through the introduction of 20 fine seabuckthorn species from 8 provinces (municipalities) of north China and the experiments of introduction and selection in Ansai and Wuqi of Shaanxi province. These species’ nutritional and economic properties are obvious better than local Chinese seabuckthorn, have the characteristics of fast growth, quick canopy density, developed root system, strong capability of root propagation, fruit diameter is 0.8~0.9cm and weight of per 100 fruit is 20~31g. Tibet and rib-fruit seabuckthorn has worse introducing results in local region.

4.2 Growth potential of Orange, Azhula and Zirinka are better in the introduced fine Russian seabuckthorn species. Diameter of fruit is 0.9~1.3cm. Weight of per 100 fruit is 45~52g. The fruit diameter, weight of per 100 fruit and length of fruit stalk are 2~3, 6~7 and 5~6 times of local wild Chinese seabuckthorn respectively. The introduced Russian seabuckthorn species have lower adaptability and resistance than Chinese seabuckthorn, which genetic quality can be improved gradually through crossbreeding ulteriorly.  Russian crossbreed seabuckthorn has better growth potential and strong adaptation, but the properties are varied.  The stability of inheritance should be farther studied. So it is necessary to selection and breeding further crossbreed with fine inheritance stability. This is an important direction for selection and breeding fine seabuckthorn species in semiarid loess region.

4.3 To introduce Russian fine seabuckthorn species to Ansai semi-arid loess hilly region directly, Worse effect will be obtained and better introducing results can be obtained if Russia fine seabuckthorn species is introduced to the site where latitude is close to Russia and then middle latitude region (about north latitude 40º).
It is needs to shorten the breeding period of fine seabuckthorn species through crossbreed and other breeding measures further more. Meanwhile, it is also need to breed seabuckthorn in order to extend and plant large area of fine seabuckthorn species in semi-arid region of loess plateau more better for the improvement of ecological condition, conservation of soil and water and development of economy.
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THE UTILIZATION OF THE SEA BUCKTHORN IN ROMANIA, 
PAST, PRESENT AND FUTURE
By Doctorand Engineer PROOROCU ANGEL
UNIVERSITY of AGRICULTURAL SCIENCES and VETERINARY MEDICINE BUCHAREST FACULTY of MANAGEMENT, ECONOMICAL ENGINEERING in AGRICULTURE and RURAL DEVELOPMENT

Sea buckthorn, Euro-Asiatic specie, was classified in 1753 in “Speciae Plantarum” by Karl von Linné at the position 1023. The great botanist seems to be its godfather, Hippophae rhamnoides has two significations. Now, because it has a positive signification is accepted the etymology from Greek words: horse and shine. Romanian specialists demonstrate the influence of sea buckthorn which induces health for all animals, externalized in the aspect of their skin. The second signification is also from Greek, horse and poison, this is reflected in occidental Europe tradition.  Romanian specialists’ conception at the beginning of the XX century was the same; it may be caudated by the plant’s negative effect. Other opinions are relative to the effect in elimination of intestinal worms. Romanian catina seems to become from Latin “catena”, the image from Romans invaders was a chain around rivers, the colour of leafs suggested them the silver. Its natural area was one of the largest of the world, from Atlantic Ocean to the Pacific, (fig. 1). Now it is also a subject of research programs in Northern and South America. If we consider Jawaharlal Nehru’s idea, that actual world situation is the result of the European domination in ancient social economical and military development; maybe sea buckthorn could have had another position in the history of plant utilisation. 
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Sea buckthorn area from Illustrierte Flora von Mittel - Europa von Dr. Gustav Hegi Munchen J.F. Lehmanns Verlag 1926

In Romania, the modern scientific statute of agriculture started in the inter-war period when, in 1938-1943, Constantin Filipescu coordinated a large staff and published “The Great Agricultural Romanian Encyclopedia”. "Any country with pretensions of civilization must have in the cultural treasure agricultural encyclopedia and dictionaries needed by anyone who is concerned by this millenary activity"- said the author in the introduction. In the first volume of this work sea buckthorn was ample described at page 710: “cătina albă bot. Hippophae rhamnoides L. Fr. Saule epineux, germ. Sanddorn, engl. Sea buckthorn (sea, buck, thorn) bush usually 2-5 m. it may became a little tree of 5-6 m. from slippery grounds of river’s gravels. One year stems has silver scaly brush and ferruginous rust colored down, early they get thorns, old steams has a great number of short steams transformed in thorns. The ovoid buds are covered by a small number of golden yellow scales with silver brush. Leafs are linear lancelet or narrow oblongs 4-5 (6) cm. long and 5-6 (10) mm. breadth, short petiolated, petiole of 1-3 mm., entered edge; superior face at first has silver scales, at maturity dark green, glabrous and only the long of principal nervure with down, inferior face is silver with scaly silver thread to golden yellow which at friction are taken on the fingers. Dioeciously  flowers are little, less apparent, greenish, situated on annual stems on which it appear simultaneous with leafs by 2-3 at the base of inferior leafs which are hiding integrally. Male flowers sessile with yellow-green perigonium on intern face have silver scaly thread in tubular form, evidently separate at the extremity in two lobs on square disk. Female flowers in raceme specula form, with a perigonium evidently separate at the extremity in two lobs, covered in exterior with scaly thread; unicarpelar pistil, one only box, with one ovule. Blossoms from April to May. Fruit is an achene covered in exterior with an induzion, seems that in the inferior part persists the perigonium which became fleshy. Fruit is ovoid like a pea bean brown-orange to golden yellow, the fleshy part has acidulous taste, contains a poisonous principia, witch don’t hinder birds to devour them after the snow fall. The pip, achene with solid brown shining cover, usually has one seed. The trunk may be strong developed 4-6m. and at soil level it may be 10-15 cm. in diameter with many ramifications has lateral direction, sinuously, covered at the beginning with brown smooth bark, in time it has a rhitydome dark brown scaly profoundly cracked. The hardwood yellow-brown, became by drying weighty, solid, may be polish, don’t resists in air, the ashes are rich in potassium. The striking root is profound, because the pivoted part penetrate depth the soil and superficial by lateral roots parallels with the surface, from lateral roots in sands there are starting many suckers. In roots there are tuberosities in which leaves in symbiosis an Actinomicete capable to assimilate atmospherically nitrogen. Is spread on marine dunes, alluvional sands along rivers and around lakes on stonily versants and crumbling bank, coasts and cliffs, detritus degraded pasture lands, etc. Its principal area is in Central Asia from Caucasian territory to North of Persia and Ural, to the East of Asia. In Europe it is along of Scandinavian coasts, in Baltic Countries to North Sea, South of England to the south of Europe vegetating on a narrow band on Mediterranean littoral in interior on vales in mountains or hills in North of Spain, South of France, North and Center of Italy, Yugoslavia, Down Austria, Hungary, South of Romania and Bulgaria. In our country Hippophae is in hills territories, Meridional and Eastern Carpathians valleys of versants from Moldavia and in Muntenia brings along valleys to field to the Danube. An insular center of sea buckthorn is in Danube Delta  on Black Sea littoral in the place called Cardon at north of Sulina (5 km.). the optimum of its area is in under Carpathian zone of aflorisment of salifer, age Mediterranean inferior aquitanian in Ialomita valley, Laculete, Prahova valley and its affluent Campina, Comarnic, Telega, Slanic, Teleajan valley, Homoraciu, Buzau valley, Cislau, Nehoiasi, Ramnicu Sarat valley, valleys from Vrancea Country etc. and it continues in all basins to Bucovina. Utility in forestry for the fixing of dunes or moving grounds supports more salts in soil Na Cl, it may be the national essence for the restoration of Vrancea Country and other regions deforested from salifer under Carpathians in which the installation of forest on salt soils is difficult. Its ample ramification and numerous thorns make it valorous for hedges. As bush it is very ornamental also with its silver leafs and its numerous orange fruits and persists on branches after the snow fall. It may be multiplied by seeds, slips, marcotage and suckers.” Authors declared that the activity of elaboration of the encyclopedia was along the after first war period. I proudly may affirm the experience of Romanian specialists in the utilization of Hippophae rhamnoides in soil amelioration. In 2005 spring Romania has a great surface of flood. The economic phenomenon from the end of XIX Century when forests were destroyed and sailed for the construction of railways in Central Europe was the same in the legislative vide after 1990 and the situation in Romania is dramatic because the amplitude of destruction is incomparable. The mistake in the tackle of sea buckthorn is the attempt to define all varieties as one kind of assortment. It has a great variability and adaptability. Romanian researchers had demonstrated that the specie has the capacity to accumulate in it’s tissue a great level from some radioactive elements, characteristically for the soil and subsoil in its habitat zone. In soil and subsoil there are slowly transformations of radioactive elements, with variable times of halve which give to the crust a certain natural radioactivity. Alfa radioactivity results from the transformation of radium in radon, the beta radioactivity is given in special by the isotopic form of potassium being in soil near K40 ions. Romanian measurements of fruits in regions which are known with the particularity of radioactivity, established that there were 34-37 less alfa global concentration like the maxim admitted limit in potable water and 2-3 more beta radiations. This illustrated the capacity of fruits to indicate the presence of natural radioactivity in soil, there are storing of beta radiation from absorbed radioactive elements on soil particles or dissolved in soil solution. There are other species like Solanum nigrum, Romanian zarna, Veratrum album stregoaie which has toxic components influenced by the soil composition. These explain many contradictions about the benefice or lethal effect of fruit utilisation. The authors of the Romanian Encyclopaedia considered it like not recommended in feeding, their occidental formation and sources are explaining this opinion. Conclusion is that the variability of this specie is the motive of many contradictions about the concentration of components and the large utilisation of it. I think that International Sea buckthorn Association must be the promoter of a scientific map-drawing of varieties on the global areas first step for research in the various domains of utilisation. The regional people’s millenary experience in conditions of maintaining of environmental parameters must be an important yielding point in research activity. Hippophae rhamnoides L. has an opportunity to become the solution of the modern environment and feed global crises only in conditions of a global conception in research, integration of the production, processing, economic management and marketing. 
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Fig. 2 From lateral roots there are starting many suckers. Proorocu Angel 2004
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Romania has many natural resources in all domains of agriculture but we now are isolated, due to many causes, principals of them being corruption and the precarious management. This makes now sea buckthorn a solution like in China for the rehabilitation of soil, also a resource for the development of production of derivates. In Danube Delta a research program on 1450 ha. and other surfaces demonstrate the capacity of the plant to be utilized in soil erosion protection. Actual situation needs thousand of environmental plantations, possibilities of rehabilitation are certified. 

[image: image14.jpg]



Fig. 3. The capacity of roots to generate many suckers. Proorocu Angel 2004.
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Fig. 4. Schematic presentation of principal aspects which are logically necessary for the scientifically implementation of sea buckthorn utilisation in Romania. 
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Fig. 5.  Aspects of sea buckthorn roots with Frankia nitrogen fixing symbiosis nodule. Proorocu Angel 2004. 

Sea buckthorn is called by the Romanian peasants in Buzau county “berries of the Holy Virgin”. Romanian people used from hundred of years the fruits for the treatment of anaemia, diarrhoea, rheumatism and rash. From fruits they obtained many products in feeding: juice, vine, jam (with cherry, apples and plums), butter etc., they used it as textile colorant. In Romanian “Medicinal and Aromatic Plants from A to Z” guide book, the two appreciate specialists Ovidiu Bojor and Mircea Alexan recommend sea buckthorn as vitamin complex ( C, B1, B2, PP) carotenes, folic acid, oil, izoramnethol, fitosterol. Recommended in avitaminose Fructus Hippophae in combination with Fructus Cynosbati (hip rose), Folium Urticae (stinging nettle), gooseberry, Folium Menthae (mint), Folium Rubi idaei (raspberry) and Folium Primulae (cowslip), infusion, cooling drinks, syrups, gout as reach in vitamins and diuretic, pneumonia in combination with colt’s foot, linden tree, hyssop, cowslip, savory, elder tree, rickets  Fructus Cynosbati (hip rose), Fructus Hippophae, Folium Primulae (cowslip), Folium Melissae (balm mint), adjuvant in pulmonary tuberculosis in winter and spring for vitamins with Fructus Cynosbati (hip rose), Folium Urticae (stinging nettle), Folium Primulae (cowslip), uremia in combination with diabetes Folium Betulae (birch tree), Folium Myrtilli (bilberry) and Herba galegae (goat’s rue), xerophthalmia  in combination with Fructus Cynosbati (hip rose), Folium Urticae (stinging nettle), Flores Tagetes (marigold) and Fructus Myrtilli (bilberry).          
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Fig. 6 Variety of Sea buckthorn oil products of S. C. HOFIGAL S. A. from Romania

PRODUCTS PRESENTATION:

Phials with 10 ml; 20 ml ; ±3%, 100ml; 500 ml; ±2% or capsule with 0,4 or 0,6 ml sea buckthorn fruit oil the active principia extracted through an original proceeding being a  natural food concentrate. Liposolubil components of the sea buckthorn oil represent a polivitaminic complex with regenerating action for the cellular metabolism. Active principia contained are, in principal ß- carotenes, vitamins D, E, F, K, therefore all liposolubil vitamins, also o series de polifenolic products strong anti-infectious. Also contains lecithin in easy assimilability forms (calcium and magnesium salts), unsaturated feet-acids like ß-linolic acid as precursor of a lot of organic enzymes. 
ACTION: general tonifiant, antianemic, vitaminizant; imunomodulator; synergic action with interferon; contribution for the syntheses  of proteins raw-material for interferon; coronaries protector; antiaterosclerotic; slowing down the process of ageing by consumption of undesirable free radicals; detoxifying the liver and assure the trofic  function for the hepatic cell; anticancerigen by the great contain of ß-carotene; in extern administration good for cicatrizing, dermoregenerator effect, anti-inflammatory, nutritive; excellent protector against solar radiations or de other nature.
INDICATIONS: Intern use: Prophylactic: slowing down the process of ageing and anticancerigen, tonic general in stress situations, imunomodulator. Adjuvant:  intern treatment of some dermatological affections (psoriasis, LED cutanate forms), ORL affections with component atrophic and inflammatory, cardio-vascular affections being a good coronaries protector affections ale digestive system. Active in chronic hepatitis, uro-genital affections, neurological psychical affections, antianemic, excellent role in slowing down of some ocular affections (hemeralopia, presbytism, keratomalacie, myopia, astigmatism, hipermetropy, glaucoma, cataracts) being rich in ß - carotenes.
Extern use: local treatment of eczema, thermal and chemical burns, chilblains, alergodermias, psoriasis, lent recovery wound. It is the only natural product recognised for the activity of protection against solar radiations or other nature.
Cosmetically use:  antirid and nutritive creams, gels and lotions of protection and maintenance for all kinds of skin.

S.C. CCPPM Plantavorel S.A. Piatra Neamt, continue the traditions of Vorel pharmacists family which in 1880’s initiate Green Pharmacy, in 1942 produced 120 products. In 1948 it was nationalised. In 1983 Plantavorel Laboratory initiates new research and production in utilisation of Romanian “Green Gold’. Now there are sea buckthorn homologated products “Cevisol”, natural dietetic and food supplement extract of fruits. Tonic general, for children, convalescents, intellectual and physical effort. “Vorisol granule” natural dietetic and food supplement extract of fruit extracts of Hippophae rhamnoides and Rosa species. Granules may be used also like tea, 2 spoons at 100 ml. water. There is “Hebe radix” protection cream extracts of sea buckthorn, marigold and blackwort, volatile oil of mint, excipients, conservants. Recommend in solar and thermo burns, contact dermatitis, etc. Research programs recommend plants from “Curvature Carpathians” as optimal for pharmaceutical products.          

Ioan Lupe, Romanian forestry specialist had modern initiative in sea bukthorn utilisation. In the work „Pomicultura generală şi specială Editura Didactică şi Pedagogică 1982, authors Popescu M. and other pomologists presented the first tehnology and presentation of sea buckthorn, now the research is focalised on conservation, evaluation and development of genetic resources, establishment of plantations with suitable varieties, identification of new valuable genotypes, analyses of biochemical fruit characteristics, studies of physical and chemical soil improvement, and studies of symbiotic association between the plant and fungi and bacteria. Unfortunately this plant was never abordate in a global conception in Romania; this made it a permanent a theoretical resource.

The abordation   must be in two directions of implementation in romanian agricultural sistem: horizontaly: plantations on large surfaces on degradated soils, erodated, salins, etc.; verticaly: creation of a data base, of some productive centers, biological material selected devize, sistems of plantation, tehnologyes, a sistem of processing of the production, diversification, creating a large game of utilisations and obtaining economical superiour results, competitive products for export creation of an informational sistem and publicity for sea buckthorn products, chainging mentalities and wrong treatments with artificial products. ( fig. 4.)
CONCLUSIONS:

This plant is fixing lands which are most degraded (has many suckers), assimilate atmospherically nitrogen directly by roots (has an ameliorative effect to the soil), Frankia is the bacteria which is responsible of this quality estimative it is considered a volume of 2 – 179 kg. N / ha/year. 


In modern pharmaceutics it is also used in cosmetics, many treatments and for burned and irradiated tissues. In the feeding of domestic animals were used some products, for the aspect of the hair of dogs, cats, and horses, the quality of eggs and the immunity.

Plants are used like decorative plants and hedge; their green-white colour is in contrast with the orange of flowers and fruits. 

Lupe Z. Ioan, Grigorescu Emanoil, Brad Ion, Cireasa Victor, Manea Stefan are some of Romanian specialists in forestry, horticulture, medicine, bio-chemistry with many studies and applications of sea buckthorn as we can see in the  summary attached bibliography .  


In Romania Hippophae rhamnoides L. was the object of many national research programs, now it was abandoned.  Now there are not serious investitures and are not mobilized foreign institutions which may use modern instruments for the obtaining all advantages of this plant. 

Some institutions and industrial units continue the tradition with good results, but I think that is not the level which is possible in the actual potential of Romania. It must be a solution of the rehabilitation of thousand of hectares of Romanian denuded grounds.

I am preparing a doctorate thesis: “Studies about the importance of sea buckthorn (Hippophae rhamnoides L.) in the environmental protection and human health economy”. I am presenting solutions for the implementation of the plant but in Romania it is difficult to be initiating a national programme in this domain at this moment when the national interest is inexistent. My country is considered to be the place where many vegetables have some conditions which made them most good like in other regions, sea buckthorn is one of them and here it has a great variability.  The Romanian biotypes fruits contain a lot of vitamins, 2 x vitamin C like hip roses, carotene, citric acid etc. The oil contains E vitamin which is revitalizing the human organism, near vitamins P, B1, B2, A, K, F ( F vitamin defend cells of cancer and irradiation, there are also 15 microelements Fe, Mn, B, Al, K, F, Ti etc. From fruits it is possible to obtain many products in feeding: juice, vine, jam (with cherry, apples and plums), butter etc. All products are very rich in vitamins. 
Plants of Hippophae rhamnoides L. are valuable like decorative plants; their green-white color is in contrast with the orange of flowers and fruits, it is a melliferous plant, aspect important in its polenisation.

Interesant is the EU-Project G5ST-02-71999, SEABUCK Innovative products obtained from fruits of Sea buckthorn (Hippophae rhamnoides). Milestones of  Seabuck project funded by the European Commission are:

- optimisation of the extraction, purification and stabilisation tehnology for caroteno-lipoprotein complex from Sea buckthorn fruits;

- detailed analysis of obtained caroteno-lipoprotein complex on chemical composition, stability and activity;

- large scale realisation of the extraction and purification tehnology for the caroteno-lipoprotein complex at one of the participating tehnology companies and estimation of the production costs;

- development of three different cosmetic products containing the Sea buckthorn caroteno-lipoprotein complex ready for commercialisation

- sensory and dermatological trials of the developed cosmetic products.


In my conception International Sea buckthorn Association has an important role in the future development of Romanian evolution, the natural potential of Romanian biotypes may be integrate in research and production programs, international collaboration, creating a world data base in research, commercial and technological domains. In Romania must be initiate an environmental and food and health program, the logical succession of problems was presented in fig.4, there are many problems, one of them being the resistance and opposition of  artificial producers of food, juice, syrup, vitamins etc.   
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Danube seabuckthorn population – source of male forms valuable for selection
A.P. Lebeda, T.E. Tkachenko and N.I. Dzhurenko

National Botanical Garden, Timiryazevska St. 1, Kyiv–01014, Ukraine
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Abstract
Results of field researches of natural seabuckthorn thickets are set out.

The unique floristic complex formed by Hippophae rhamnoides L. is situated at the territory of Danube biosphere reserve in the Danube delta. The main part of seabuckthorn population is located on the islands of delta.

The expedition studies have been resulted in selection and description of male forms with economic valuable features, in propagation them and creation maternal plantations.

The selected male seabuckthorn forms differ from each other with crown shape, with size and coloration of leaf blade, with length of sprout annual increment, with number of leaves per 10 cm of sprout annual increment, with periods of flowering and with pollen sizes and vitality. They are objects of interest for use in selection, horticulture, arboriculture (laying out of parks), phytomelioration, forestry etc. The forms having considerable sprout annual increment and their high foliation may be interested as raw material source for phytopreparation manufacturing by pharmaceutical industry.

Key words: Hippophae rhamnoides subsp. carpatica, Danube population, male forms for selection and Ukraine. 

introduction

The experience generalized by N.I.Vavilov [14] in his time shows that during new plant introduction into cultivation the special attention should be paid to the study of this plant different forms existing in nature and being of our interest. From the wide variety of wild species forms appeared in nature the samples could be taken and the best parameters of separate features valuable properties under our interest could be possible to fix via further selection as the cultivar.

Our objective was the search for the economically valuable forms of seabuckthorn male individuals. Researchers mainly pay attention to seabuckthorn female plants. Male samples remain without the attention. However, one ought not to forget that the seabuckthorn is diclinous plant. Therefore, the breeding work with the seabuckthorn comprising the selection of parental pairs is crucial point. It is known that the male individuals of seabuckthorn have essential effect on fruit inception, on their size, coloring and the periods of ripening, on the content of oil, ascorbic acid, tannin substances, on quantity and quality of fruit yield [1, 4].

materials and methods

Investigations were conducted in the territory of Danube biosphere reserve, where the only in Ukraine natural population of seabuckthorn grows. Evaluating the importance of our investigations we proceeded from the fact that geographical isolation, new ecological conditions are the important factors of genetic divergence. Such geographically and ecologically self-contained groups and populations frequently demonstrate genetic differentiation being variety (according to Charles Darwin, the variety is the nascent species). In connection with that state aboved we adhere to the classification given by A. Rousi, according to which the seabuckthorn growing in the Danube delta belongs to Carpathian subspecies – Hippophae rhamnoides subsp. carpatica Rousi [12].

In the investigations the expedition and laboratory methods were used. In most cases the examination of seabuckthorn thickets is conducted in autumn with limit only female specimen. We carried out the inspections of seabuckthorn thickets in spring (April-May), in summer (July), and in autumn (September). The forms within population which were distinguished by a number of morphological parameters and were of interest in the theoretical plan and for purposes of practical utilization were selected and described in detail. For description of forms the procedure by V.T.Kondrashova [5] has been used. Pollen viability has been determined employing the procedure proposed by Z.P.Pausheva [11]. For the evaluation of parameters variability extent the standardized scale of variability levels developed by S.A.Mamaev [8] has been used.

results and discussion

As a result of uninterrupted panmixia, spontaneous mutation process and constant undetermined fluctuations in ecological conditions in any population it is possible to meet thousands of different small and large variations and deviations from the normal type [9]. Work on the study of the intraspecific variety in seabuckthorn natural populations of have been carried out by many scientists and all studied seabuckthorn natural populations have shown high species multiformity. And Danube seabuckthorn population is not the exception [6]. This fact gives the great possibilities for breeding promising forms for the introduction and further use. 

With selection male seabuckthorn forms the attention to the following parameters was focused: plant height, crown shape, sprouts length and presence of thorns; color and leaf size, quantity and size of stomata. Also the following parameters were studied: the drought resistance of selected forms, characteristic of generative organs and the quality of pollen. According to these parameters 18 seabuckthorn male forms were selected: F01M, F02M, F03M, F04M, F05M, F06M, F07M, F08M, F09M, F10M, F11M, F12M, F13M, F14M, F15M, F16M, F17M, F18M. 

Structural parameters variability 

The habitus of crown was one of the criteria for forms selection. During the introduction into cultivation of the best crown is considered whose basic branches will move away from the trunk at the large (not less 45º) angle [2]. Such type of crown (compact, with the elevated branches) belongs to our selected forms F01M, F02M, F05M, F08M, F13M, F14M, F16M, F18M. Forms F04M, F07M and F15M have also compact crowns but with drooping branches. Form F11M has partially weeping crown. Two forms F12M and F17M have beautiful weeping crowns with the very long wavy annual sprouts. The height of the selected forms is 3.0 - 3.5 <m.>
In the green architecture any forms of crown are valued. But the decorative (ornamental) properties of plant depend also on different coloring of annual sprouts bark. Essentially we met the individuals with grayish-brown coloring of bark. Forms with the brown bark also were noted. Moreover, the forms with brown and dark-brown coloring of bark are distinguished by indumentum of sprouts, whereas for the forms with grayish-brown coloring the bark appears smooth. The special importance for the study of intraspecific changeability from practical point of view is paid to a leaf as the organ, in which the most important for the life of plants processes occur (table 1).

Table 1.  Linear parameters and leaf area of various forms of seabuckthorn male individuals 
(average for three years)

	Form
	Leaf length, cm
	Leaf width, cm
	Leaf index
	Average area of one leaf, cm2
	Number of leaves per <10 cm> of annual sprout
	Total area of leaves per <10 cm> of sprout, cm2
	Average length of annual sprouts, cm

	F01M
	8.10±0.14
	0.83±0.01
	9.76
	5.54
	18.3±0.33
	101.38
	25.6±2.3

	F02M
	7.20±0.05
	0.80±0.02
	9.00
	4.77
	16.0±0.55
	76.32
	24.9±2.1

	F03M
	7.60±0.53
	0.72±0.01
	10.50
	3.92
	26.5±1.11
	103.88
	25.2±1.8

	F04M
	9.20±0.13
	0.83±0.01
	11.08
	6.88
	22.0±2.08
	151.36
	21.1±1.5

	F05M
	8.96±0.12
	0.76±0.05
	11.79
	5.85
	19.0±0.58
	111.15
	19.9±1.1

	F06M
	7.60±0.07
	0.76±0.03
	10.00
	4.88
	17.3±0.67
	84.42
	19.9±1.8

	F07M
	10.03±0.28
	0.80±0.01
	12.50
	7.00
	18.0±1.15
	126.00
	22.1±2.0

	F08M
	6.93±0.03
	0.76±0.01
	9.12
	4.41
	19.7±1.20
	88.85
	21.5±1.9

	F09M
	8.40±0.04
	0.80±0.02
	10.50
	5.05
	21.3±0.88
	107.57
	28.1±2.3

	F10M
	10.20±0.13
	0.76±0.02
	13.42
	7.12
	17.3±0.33
	123.18
	27.1±2.1

	F11M
	8.20±0.05
	0.80±0.01
	10.25
	5.62
	18.7±0.07
	105.09
	29.6±2.6

	F12M
	8.76±0.05
	0.90±0.01
	9.73
	6.05
	15.3±0.67
	92.57
	32.4±2.4

	F13M
	8.85±0.03
	1.06±0.02
	8.35
	8.39
	16.8±1.58
	140.95
	27.5±2.2

	F14M
	7.93±0.15
	0.83±0.01
	9.57
	5.64
	17.0±1.08
	95.88
	39.5±2.7

	F15M
	10.40±0.10
	0.86±0.01
	12.00
	8.48
	19.0±1.00
	161.12
	34.1±2.3

	F16M
	7.31±0.08
	0.77±0.01
	9.50
	5.21
	21.3±1.60
	110.97
	42.2±3.1

	F17M
	8.13±0.10
	0.81±0.01
	10.00
	5.05
	15.3±0.79
	77.27
	62.9±3.7

	F18M
	8.75±0.19
	0.89±0.03
	9.84
	6.90
	27.4±0.97
	189.06
	28.1±1.9


Any transformation of leaf form, size or structure is of adaptive nature, it reflects the fluctuation of ecological factors or testifies about age dependent changes proceeding in the plant. Its linear parameters testify about the variability of leaf form. In the forms selected by us the length of leaf varies from 6.93±0.03 to 10.4±0.13 <cm> with the coefficient of variation from 3.62 to 52.08%. The width of leaf varies from 0.72±0.01 to 1.06±0.02 <cm> and is also characterized by the wide amplitude of variability (from 1.31 to 38.78%).

On their form, the leaves in selected seabuckthorn male forms are wide-lancet (F02M, F08M, F13M), lancet (F01M, F03M, F06M, F09M, F11M, F12M, F14M, F16M, F17M, F18M) and narrow-lancet (F04M, F05M, F07M, F10M, F15M). The leaf index, which expresses the relation between the length of leaf and its width, was placed as the basis of this division.

Was have also paid attention to the colouration of leaves. Namely, the color of leaves served as criterion with the selection of some male forms being intended for use in green architecture. In this way, in forms F05M and F06M the leaves are green with the silvery hue and lustreless. Leaves are dark green in forms F04M, F10M, F12M and F16M. In form F13M leaves the dark green, shiny, and from the reverse side have unusual brown indumentum.

With the search for forms, suitable as the source of raw material for pharmaceutical industry we focused attention on the area of leaf plates and to the number of leaves per length unit of annual sprout. Data on the investigations of the area of leaf were not known to the authors in the literature. In the forms selected the total area of leaves per <10 cm> of sprout varied from 76.32 to 189.06 cm2. Especially, form F18M is notable. It has large leaves, densely located on the sprout, and, respectively, maximum area of leaf surface. Besides this form, on the basis of this feature the forms F04M, F07M, F10M, F13M and F15M are selected, and they are also characterized by large leaf surface area.

The raw productivity of form depends also on the annual growth, which is the basic structural element of perennial plants. In the forms selected it comprises from 19.9±2.1 to 62.93±3.7 <cm>, the coefficient of variation in this indicator varies from 26.3 to 67.7%.

The characteristic structural feature of the seabuckthorn is the presence of thorns. On the average in the population the thorn length is equal to <3.6 cm>, varying from 1.2±0.1 to 7.3±0.5 <cm> (table 2).

Table 2. Thorn cover of seabuckthorn male forms (average for 3 years)

	Form


	Length of thorn, cm
	Number of thorns per <10 cm> of sprout
	Coefficient of variation, %

	
	min
	max
	average
	
	

	F09M

F04M

F05M

F17M

F10M

F01M

F06M

F07M

F02M

F14M

F16M
	1.0

1.0

2.5

2.0

1.0

1.0

1.0

1.0

1.0

1.0

0.5
	4.0

20.0

15.0

3.0

4.0

3.1

13.0

25.0

13.0

22.0

22.0
	2.8±0.3

7.3±0.5

7.1±0.7

2.8±0.2

3.3±0.4

1.2±0.1

5.8±0.4

6.3±0.5

5.0±0.3

4.5±0.3

6.2±0.4
	0.11

0.13

0.14

0.17

0.27

0.35

0.35

0.40

0.35

0.77

1.47
	40.2

76.1

67.6

25.9

67.1

62.4

73.1

74.5

73.1

99.0

69.8


On the density of thorns arrangement on the sprout there are slightly and normally thorned forms. The amplitude of the variability of this parameter is high. It is within the limits from 25.9 to 99.0%. Thornless forms (F03M, F08M, F11M, F12M, F13M, F15M, F18M) are also selected. They are rarely occured in the population and are, as a rule, represented by one or several samples (clumps). Thornless forms of seabuckthorn are of breeders’ interest. They give the possibility to get thornless female plants, which is quite significant for fruit harvesting, since it is mainly carried out manually.

Variability of functional parameters

Variability covers entire system of functional parameters of plant organism. It is possible to trace variability by studying phenological features, development of generative organs, passing vitally important processes in organism etc.

The budbreak and the flowering of plant are important phenological phases. The mass flowering of male seabuckthorn individuals of Danube population occurs in the beginning- middle of April and it lasts, depending on weather conditions from 6 to 10 days. The selected forms are characterized by features and periods of flowering. In some forms the flowering occurs before foliage expansion (F02M, F13M, F16M) in other – simultaneously with foliage expansion (F01M, F05M, F07M, F09M, F10M, F14M, F18M). In the substantial part of the selected forms (F03M, F04M, F06M, F08M, F11M, F12M, F15M, F17M) the foliage expansion occurs simultaneously with the flowering, and in the lower part of branch leaves are expanded only after flowering. The difference within the periods of flowering reaches from 2-3 to 6-7 days (table 3).

Table 3. Variability of functional parameters in seabuckthorn male forms (average for 3 years)

	Form
	Number of flowers in one bud
	Pollen viability, %
	Number of stomata, per mm2
	Coefficient of drought resistance

	F01M
	19.3±0.4
	12.1
	615±18
	0.91

	F02M
	20.4±0.4
	12.5
	773±23
	0.85

	F03M
	16.2±0.7
	19.4
	560±23
	0.71

	F04M
	20.0±0.5
	26.1
	706±15
	0.77

	F05M
	17.4±0.3
	12.7
	720±23
	0.76

	F06M
	15.8±0.5
	8.8
	746±21
	0.73

	F07M
	21.6±0.5
	11.3
	773±23
	0.69

	F08M
	20.2±0.4
	6.8
	693±20
	0.72

	F09M
	19.3±0.8
	6.4
	680±23
	0.84

	F10M
	22.5±0.4
	22.4
	600±23
	0.75

	F11M
	19.6±0.2
	10.1
	760±23
	0.82

	F12M
	16.8±0.8
	27.1
	573±27
	0.80

	F13M
	19.1±0.6
	21.8
	693±31
	0.89

	F14M
	15.3±0.5
	24.1
	453±35
	0.87

	F15M
	19.9±0.2
	4.9
	560±06
	0.90

	F16M
	20.3±0.5
	25.0
	760±23
	0.83

	F17M
	19.7±0.5
	5.6
	880±23
	0.79

	F18M
	14.6±0.3
	7.1
	613±13
	0.92


Forms with large number of flowers in the bud are of interest as pollinizers. An average number of staminal flowers in the selected forms is 18.8. Maximum number of staminal flowers is noted in form F10M (22.5±0.4). The amplitude of variation coefficient according to this parameter (3.7‑14.6%) testifies about its low level of variability. 

The pollen viability is important indicator with the selection of forms for their utilization as the pollinizers. If we compare the data on number of flowers in the buds and the pollen viability, then it is possible to make a conclusion about inverse dependence between these indicators. By the highest values in a number of flowers in the bud and pollen viability the forms F13M and F16M are distinguished. 

The study of stomatal apparatus as one of the most general biological adaptations to the environment, always attracted the wide circle of researchers. This functional element, inherited in evolution process, is the constant species parameter for seabuckthorn leaves, has diagnostic value, hereditary fixed and is stably passed from one generation to another [7]. Minimum number of stomata have been fixed in form F14M (453±35 per mm2), and maximum – in form F17M (880±23 per mm2). Variability according to this parameter relates to the very low level (variation coefficient is less than 7%). It is considered that a number of stomata correlates with such important functional parameter of the plants as drought resistance. We have not observed such correlation in the selected forms. At the same time, we have noted the dependence between leaf sizes and the drought resistance: leaves are large in low-drought-resistant (F03M, F06M, F08M) and are small in high-drought-resistant forms (F01M, F13M, F15M, F18M). 

Several male individuals with the fruits were discovered in the period of female individuals fruiting (middle of September). Moreover, there were several tens of fruits on separate individuals. Similar phenomena were earlier observed in seabuckthorn by other researchers [3, 10, 13].

conclusion

Examination of Danube population of Hippophae rhamnoides subsp. carpatica Rousi made it possible to select and to describe 18 male forms, which are characterized by a number of structural and functional parameters.

Thornless forms (F03M, F08M, F11M, F12M, F13M, F15M, F18M), and also forms with the high indicators of pollen viability (F04M, F10M, F12M, F13M, F16M), pollen productivity (F04M, F07M, F14M, F16M) and drought resistance (F01M, F13M, F15M, F18M) are recommended for the utilization in breeding process. Furthermore, forms with the high indicators of pollen viability and pollen productivity can be used as the pollinizers for the creation plantations for obtaining the fruit raw material. With the creation the plantations which are intended for obtaining the leaf mass raw material, one should use forms F04M, F07M, F10M, F13M, F15M and F18M.

All selected forms, but especially form F10M, F12M, F14M and F17M, are of interest for phytomelioration and green architecture.

Relatively low intra-population variability attests to the fact that the isolation of seabuckthorn Danube population is sufficiently effective, and hybridization processes, even if they occur, then they unessentially influence the increase in the intra-population variability.

For the theoretical botany the fruiting of male individuals of seabuckthorn observed in the studied population is of interest.
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Distribution, Composition and Community Characteristics 
of Seabuckthorn in Beichuanhe Basin

Zheng Jiali,  Hu Jianzhong

(College of Soil and Water Conservation, Beijing Forestry University；Key Laboratory of Soil and Water Conservation and Desertification Combating of the Ministry of Education,Beijing 100083)

Abstract: There exist a lot of natural seabuckthorn (Hippophae Rhamnoides ssp.Sinensis )stands in an altitude from 2300 to 3600 meters in the Beichuanhe basin, which is located on the upper reaches of the Yellow River. Picea crassifolia+Hippophae rhamnoides ssp. sinensis, Betula platyphylla+Hippophae rhamnoides ssp. sinensis, are two kinds of good mixed native stands for imitation of rehabilitation in high mountains of the elevation from 2700 to 3000 meters, while two kinds of good artificial stands, that is, Larix principis-rupprechtii+Hippophae rhamnoides ssp. sinensis, Populus cathayana+Hippophae rhamnoides ssp. sinensis, from more than 40 years practice, are suitable to afforest in the shady and semi-shady slopes of the low mountains with an elevation under 2700 meters. Pure seabuckthorn stands and mixed types of seabuckthorn forests and herbages, are eligible for high mountains and semi-shady and shady slopes in the low mountains. In the areas of which altitude is above 3000 meters, the natural seabuckthorn bushes are mainly protected according to the concerning laws. On the process of succession, the kinds of plant species not only change from intolerant, moderate to shade-tolerant species, but the number of the species gradually decrease as the stands grow and canopy coverage increases, with the Gleason richness presenting from small to large then small again along with the growth of seabuckthorn going on, and the Simpson dominance index presenting a contrary process. The succession in the areas trends to get to the climax community of Picea crassifolia+moss forest. The multiple eco-economical function of different seabuckthorn stands can be reached after a suitable allocation, scientific management and technology utilization based on the principle of imitating native seabuckthorn forests..

Key words: distribution; stand composition; community characteristics; Seabuckthorn (Hippophae rhamnoides ssp. Sinensis); the Baichuanhe basin

The eco-environment is the foundation for mankind’s survival and development. Improving and protecting the eco-environment is a fundamental national policy of China so as to implement the sustainable development1. The natural conditions on the upper reaches of the Yellow River are so harsh and the eco-environment is so fragile that it is difficulty to protect the ecological environment. In addition, people's ecological consciousness is so faint and the ecological construction input is so seriously insufficient that the eco-environment in this area trends to be worse and worse on the whole. The Central Party Committee, the State Council puts forward the develop-the-west strategy, and regards Natural Forests Protection Program, Land Converting Program, Three-north Shelter Forests Protection Program and Sand Combating Program, which are the main parts of the eco-environment construction, as an important component of implementing the develop-the-west strategy and the key construction contents2. Vegetation restoration and construction is the task of top priority when constructing the eco-environment in the upstream areas of the Yellow River, directly concerning several million people's survival and development, and flood disasters in the downstream.

Converted farmland is an incomplete degrading ecosystem with sparse vegetation, degraded soil and serious erosion. It is necessary to guarantee the constant existence of renewable resources and the dynamic equilibrium of the natural ecosystem so as to restore vegetation. Generally, the ecological restoration is designed artificially which is carried out on the eco-system and the main material is plants.3 Seabuckthorn is an important material of afforestation in the upper reaches of the Yellow River and Beichuanhe Basin, but reviewing on the research in advance, little is done on the distribution, type and community characteristics of Seabuckthorn stands.4 5 Since we do some research in this field so as to instruct the practice and offer scientific basis for implementing ecological construction.

1 General situation

Beichuanhe River is the Second branch of the Yellow River, of which 3009km goes through Datong County, Qinghai Province. It is located in the transition area between Qilian mountain and the Lloess Plateau, 100(51(-101(56(E, 36(43(～37(23(N, about 2280～4622 meters above sea level. It belongs to continental climate, of which the annual sunlight hours, average temperature, non-frost day, precipitation, evaporation, humid index are 2605h, 2.8℃, 70～120d, 508mm,1290mm, 0.56～1.32 respectively. According to altitude from low to high, 3 main types, the River beach area, the low mountain, the high mountain is sequential. The main soil types are hilly lithosol soil, hilly meadow soil, brown cinnamon earth, chernozem, castanozem, moistened oasis soil, bog soil etc. The forest belongs to the cold warm evergreen coniferous trees and fallen broadleaf forest, etc. There are not only obvious slope tropism but vertical zonality with regard to its distribution situation.

2 Material and method

The test materials are mainly pure seabuckthorn stands and mixed ones in Datong County, including natural secondary forests and artificial forests (which includes converted farmland). The investigating methods include “route investigation”6 and “standard plots investigation”7. Route investigation is used to investigate the total characteristic of the distribution of seabuchthorn and to establish the foundation for standard plots investigation, which is mostly used to investigate the important seabuckthorn communities and its related characteristics.

2.1 Approaches to community indexes

There are a lot of index and computing approach of community8 9 10. According to the research region and the growth and regional characteristics of seabuckthorn, we have selected 4 representative indexes in this text:

(1) Gleason Richness index: 

I=S/lnA
In this equation, S is the total amount of species, and A is the area of the plot. 

(2)Simpon dominance index： 


[image: image17.wmf]å

=

=

s

i

i

P

D

1

2


In this equation, Pi is relative importance value。

(3)Shannon-Weiner diversity index： 
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(4)Pielou Evennesss index：

E=H/lnS
In this equation, H is Shannon-Weiner index, S is the amount of species.

3 Analysis and Results 

Seabuckthorn has a good adaptability, a wide distribution and a rather wide ecological range, which can forms plant communities with different levels and composition.

3.1 Regional distribution characteristic of seabuckthorn 

The natural distribution regions of seabuckthorn in Beichuanhe Basin is mainly in the cold, semi-humid area which is in the high mountain and semi-arid area in the low mountain. The average temperature of the whole year is from -5.7 to – 4.2℃; the average temperature of January is from -17.5 to -8.4℃; the minimum temperature over the years is from -35.7 to -26.6℃; the average temperature of July is from 7.5 to 17.2 ℃.The accumulated temperature of which average daily temperature is ≥5℃ is from 430.7 to 2580.8℃, and the annual precipitation is from 368.2mm to764.4mm with remarkable seasonal variation which is mainly concentrated on the rainy season from June to August. Soil is mainly gray-drab, sandy silluvial soil and sandy meadow soil.

The natural forests of seabuckthorn can be probably found in the places such as hilly area, piedmont area, river beach, etc. Not only can it form pure large community, but also it can form all kinds of mixed ones combining with the main local arbor trees. In Datong County, the seabuckthorn forests have an area of more than 20,000 hm2 among which mixed accounts for 93%. According to the growing period and its distribution, middle-age of 11～25a takes up half of the whole forests; The proportion of male to female is about 1 to 1, and they are distributed nubbly with different size in the horizontal direction11.

Considering the vertical distribution, there are seabuckthorn forests from the elevation of 2300m to 3600m in Beichuanhe Basin. It is concentrated in the hilly area and river valley plain among 2700 to 3300m, which takes up more than 90%, and it is the main shrub species in this region. Above 3300m, it is gradually rarely, only grows sporadically with other bush along with bad growing. From 2700m up to 3300m, the average coverage dropped from 70% to 15%, and within the range from 3000 to 3100m, it is 32%. In the region of river beach and gully with quite good site factors above 3000m, the coverage can be above 40% with good growing circumstances. Limits of slope condition should be about 2700ｍ, where below this elevation, seabuckthorn is apt to be planted in the shady and semi-shady slope12, and the district suitable for seabuckthorn in Beichuanhe Basin are mainly as follows:

DistrictⅠ: hilly area, shady and semi-shady slope below 2700m. It is the place where vegetation restoration is mainly relied on artificial measures.

District Ⅱ:river beach, gully area, from 3000m to 3100ｍ. It is the place where people mainly rely on natural force to restore vegetation; 

District Ⅲ: hilly area of all slopes from 2700m to 3000ｍ. It is the place where people rely on the natural force to restore vegetation along with artificial measures;

District Ⅳ: hilly area of all slopes from 3000m to 3300ｍ. It the place where is enclosed to avoid disturbance from human and domestic animals.

Among these 4 distribution types mentioned above, the districts of Ⅰ,Ⅱand Ⅲ are the optimal sites for the natural distribution and the artificial afforestation of seabuckthorn, while in district Ⅳ, what we can do is only to breed it by enclosure, and in particular, we should restrict the cutting activity of seabuckthorn forests that have already glowed into forests so as to protect resources. 

Artificial seabuckthorn forests occupy quite large an area in low mountain and high mountain. Pure forests and mixed forests with arbors or herbage are mainly the forest types. The soil in this area is mainly castanozem.

3.2 composition of seabuckthorn of different forests

The composition of seabuckthorn is described through the natural stands and the artificial stands as following.

3.2.1 The natural forests

In the natural environment, seabuckthorn mainly migrate with seeds, while after settling down, they rapidly expand the domain through sprout with roots, forming the appearance of the perfectly rotundity. If the seeds are migrated to the patch in the ecotone of secondary forests, they will grow mixed with arbor nubbly. After natural sparseness, they will often form the multiple stands of arbor and shrub with the invasion of secondary species, such as Betul platyphylla, Betul platyphylla and Betula albo-sinensis.

(1) Picea crassifolia+ Hippophae Rhamnoides ssp.Sinensis 

This forest type generally lies in the fringe of Picea crassifolia forest. It is naturally formed after the invasion of seabuckthorn after the original Picea crassifolia forest is intensively deforested, or after the destruction by man or the natural disaster including fire, plant diseases and insect pests, etc. The age of Picea crassifolia in the investigating area is generally more than 50; the canopy is from 0.7 to 0.8; the height is from 15m to 20m; the diameter is from 25cm to 30cm. 

The height of seabuckthorn is about 2-4m, forming the second layer by mixing with other bushes in the forests.

There are some other shrubs such as Berberis circumsterrata, Rosa sweginzowii, Caragana  brevifoia, Rosa omeiensis, Lonicera syringantha, Contoneaster acutifolius, Spiraea mongolica, Sorbus koehneana, Euonymus przewalskii, Ribe pulchellum, Cerasus tomentosa, Potentilla glabra,etc, of which the coverage is about 20%.

Herb species include Carex allivescens, Fragaria orientalis, Ligularia przewalskii, Aconitum sinomontanum, Cimicifuga foetida, Paeonia veitchii), Triosteum pinatifidum, Ephedra sinica, Saussurea sylvatica, Polygonatum verticillatum, Pedicularis rudis, Thalictrum baicalense, Caltha palustris,etc, of which the coverage is below 10%。

This type trend to the climax community that is Picea crassifolia when stopping disturbance.

(2) Populus davidiana+ Hippophae Rhamnoides ssp.Sinensis
Generally, it lies in all slopes of lower part and the semi-sunny and semi-shady slope of middle and upper part of the hillside. In the lower part of the mountain, form the altitude of 2000m to 2700m, and the gradient 30°～40°, the forest land is dry, and the soil is relatively infertile, where the main specie is Populus davidiana, and there is also a small amount of Betul platyphylla and Betula albo-sinensis scattering there. Its composition is simple and it is relatively sparse, whose canopy is 0.4-0.6, the age is 25-45, the height is 8-12m, and the diameter is 8-14cm. In the middle and upper part, it is relatively steep with abominable growth condition, the forest grows slowly which is susceptible to be destroyed by wind and snow, and there are a lot of withered or fallen trees.

The coverage of the shrub layer whose main species is seabuckthorn is about 50%-70%, and the height is about 2-3m.There are some other shrub species such as Contoneaster acutifolius, Caragana  brevifoia, Potentilla glabra, Berberis circumsterrata, etc.

The coverage of the herb layer is about 30%-50%, of which the species include Thermopsis licentiana, Anaphalis lacteal, Thalictrum rutifolium, Thalictrum przewalskii, Paeonia veitchii, Rubia cordifolia, Artemisia sacrorum, Drynaria sinica, Calamagrostis pseudophragmites, Adenophora stenanthina,etc. Clematis macropetala exists in the interbedded layer.

(3) Betul platyphylla+ Hippophae Rhamnoides ssp.Sinensis
This type distributes comparatively widely, and by and large, its distribution status is the same as that of Populus davidiana + Hippophae Rhamnoides ssp.Sinensis forest we have mentioned above. It is a very important local natural community. The age of Betul platyphylla is 30-50; its canopy is 0.8; its tree height is 7m; and the diameter is 9cm.

The height of seabuckthorn is 2～3m. Rosa omeiensis, Lonicera hispida, Spiraea alpine, Salix oritrepha,etc also exist in the shrub layer, of which the coverage is up to 40%～60%.The main species in the herb layer are Polygonum viviparum, Carex allivescens, Fragaria orientalis, Geranium pylzowianum, Astragalus datunensis, Thalictrum baicalense, Ephedra sinica, Caltha palustris,etc and its coverage is 25%-40%.

(4) bush forest of seabuckthorn

The bush forest of seabuckthorn usually has two layers, that is shrub layer and herb layer. Seabuchthorn takes up an absolute dominant status. The incidental species are Contoneaster mwltiflorus, Myricaria paniculata, Contoneaster.adpressus, Potentilla  fruticosa, Potentilla glabra, Salix cheilophila, Lonicera syringantha, Caragana brevifoia, ,Ribes stenocarpum, Berberis circumsterrata, etc. All of the species are in the same layer as seabuckthorn except Salix cheilophila. The height of the constructive species is 2-4m and the coverage is 60%-90%.

The composition of species, height and coverage differ from river beach area to the hilly area with regard to local conditions. The main characteristic is that there isn’t any dominant species and the common species can be listed as Stachys sieboldii, Galeopsis bifida, Thalictrum petaloideum, Rubia cordifolia, Capsella bursa-pastoris, Lancea tibetica, Caltha palustris, Phlomis dentosa, Urtica cannabina, Fragaria orientalis, Artemisia sacrorum, Elymus nutans, Potentilla anserine, Poa alpigena, Plantago asiatica, Taraxacum mongolicum, Ranunculus tanguticus,etc. The height is 20-60cm and the coverage is 40%-60%.

At a few locations, seabuckthorn often grows into the form of little arbor along with the good site factors, and its height is 4-5m. In this way, it form 3 layers which are little arbor, shrub and herb.

3.2.2 The artificial forest 

In Beichuanhe Basin, seabuckthorn is a kind of shrub species which grows fast, growing into forest in the next 4-6 years after afforestion, and forming stands with the height of more than 2m. It is the predominant or concomitant specie for forests of water resource protection and soil and water conversation in high and low mountain in practice. The afforestation is imitative of the natural stands which are mainly distributed in barren hill, waste valley, barren beach and converted farmland. And the names of many artificial stands are the same as those of the natural stands.

(1) Picea crassifolia+ Hippophae Rhamnoides ssp.Sinensis 
The forests are mainly linal, zonal of nubby inter-planted. It is a kind of stands which can bring seabuckthorn into full play of improving the soil, assisting the arbor and covering the clearing. It can be often found in vegetation imitation of rehabilitation in barren hill and converted farmland in high mountain.

The age of Picea crassifolia in the converted farmland in the low part of the high mountain of shady and gradient slope is generally more than 50; the average height is 6.8m; the diameter is 9.1cm; the production is 206m3/hm2 ; the canopy is up to 0.8. The height of seabuckthorn is about 1.5-2.5m, forming the second layer. The main herb species are Ephedra sinica, Saussurea sylvatica, Geranium pylzowianum, Carex allivescens, Poa pratensis, Ligularia sagitta, Fragaria orientalis, Lancea tibetica and so on. Its coverage is about 40%. As the canopy of Picea crassifolia goes bigger and bigger, seabuckthorn trends to wither and finish its assistant function which is usually cut, making into use of fire.

（2）Larix principis-rupprechtii+Hippophae rhamnoides ssp. sinensis
Larix principis-rupprechtii is an exotic species, and it was introduces to Datong County for experiment in 1957. Now it have become an important species of the artificial afforestation, distributed in low mountain, high mountain, barren hill and converted farmland. The construction of the artificial forest of Larix principis-rupprechtii is relatively simple, and it is mainly the pure planted or mixed planted with seabuckthorn..

The age of Larix principis-rupprechtii which is planted with seabuckthorn in the converted farmland in the low part of the high mountain of shady and gradient slope is18, the average height is 6.7m; the diameter is 7cm; the canopy is up to 0.8; the production is 49m3/hm2. There are some shrubs in the forest like Rosa omeiensis, Berberis dasystachya, Potentilla  fruticosa, and some herbs like Polygonum viviparum, Fragaria orientalis, Ligularia przewalskii, Rubia cordifolia, Caltha palustris, Carex allivescens, Galeopsis bifida, Lepyrodiclis holosteoides, Aster diplostephioides, Carpesium lipsky, Geranium pylzowianum, Ligularia sagitta, Sonchus oleraceus, Microula sikkimensis, Cephalanoplos segetwm, Ephedra sinica, Poa alpigena, Anaphalis lacteal, etc. Its coverage is about 40%.

(3)Betul platyphylla+ Hippophae Rhamnoides ssp.Sinensis
It can be often found in barren hill and converted farmland in shady slope in low mountain and all slopes of high mountain. The mixed types of Betul platyphylla+ Hippophae Rhamnoides ssp.Sinensis is inter-planted in the form of band or line, which utilizes seabuckthorn’s characteristics of fast-growing and strong nitrogen fixation function, and well promotes Betul platyphyll’s growth, making it grow into forest relatively fast.

The age of Betul platyphylla is 23, diameter is 8.7cm, canopy is 0.6 and production is 73m3/hm2. And the average height of seabuchthorn is 3.9m, base diameter is 6.1cm, and the coverage is 35%. The coverage of herb layer is 50%, of which the species include Saussurea sylvatica, Ephedra sinica, Geranium pylzowianum, Primula tangutica, Galium aparine, Ligularia sagitta, Stachys sieboldii, Poa pratensis, Berberis vernae, Microula sikkimensis, Phlomis dentosa, Ligularia przewalskii, Cacalia deltophyllus, Carpesium lipsky, Caltha palustris etc.
(4)Populus cathayana+Hippophae rhamnoides ssp. sinensis
The afforestation of Populus cathayana has a long history in Beichuanhe Basin. Populus cathayana grows stable, and it is the main species in the plain and the side of farmland, pavement and highroad. Populus cathayana+Hippophae rhamnoides ssp. Sinensis is a common type of inter-planted forest in low mountain and the river beach, whose growth is superior to that of pure forest of Populus cathayana, and the rate of plant disease and insect pest is also lower13. It is also fountain in high mountain.

The age of Populus cathayana which is located in the middle part of high mountain of sunny slope is 22, average height is 8.2m, diameter is 11.2cm, canopy is 0.7 and production is 95m3/hm2. And the average height of seabuchthorn is 1.5m, base diameter is 3cm. and the coverage is 20%. The coverage of herb layer is 45%, of which the species include Elymus nutans, Bromus inermis, Poa pratensis, Halenia corniculata, Halenia corniculata, Geranium pylzowianum, Gueldenstaedtia diversifolia, Pedicularis kansuensis, Ranunculus tanguticus, Dracocephalum heterophyllum, Taraxacum mongolicum, Inula  japonica, Artemisia lavandulaefolia, Plantago asiatica, Anaphalis lacteal,Gentianopsis paludosa, Astragalus datunensis ,Medicago lupulina, Microula sikkimensi, Ligularia sagitta, Thalictrum petaloideum Oxytropis bicolor, etc.
（5）pure forest of seabuckthron

It is located in barren hill and converted farmland in the low mountain of steep and shady slope and the high mountain. In low mountain where the planting density is 6500 trees/hm2, the average height is 2.5m, the base diameter is 4.5, and the coverage is above 90%. There are more than 20 species in the forest including Galeopsis bifida, Microula sikkimensi, Pedicularis rhinanthoides, Halenia corniculata, Carpesium lipsky, Microula sikkimensis, Galium verum, Potentilla anserine, Poa pratensis, Carduus crispus, Phlomis dentosa, Urtica cannabina, Ephedra sinica, Rubia cordifolia, Saussurea sylvatica, Gentianopsis paludosa, Fragaria orientalis, Caltha palustris, Stachys sieboldii, Bromus inermis, Leontopodium  leontopodioides, Chenopodium glaucum, etc. But its coverage is below 10%.

(6)Seabuckthorn + herbage 

It is an important type in land converting program. It is located in the shady slope of low mountain and most sites of high mountain. The grazing herbage species include Medicago setiva, Melilotus suaveolens, Medicago setiva,Melilotus suaveolens, etc.

After making a general survey of the plant species in the above-mentioned natural and artificial stand of seabuckthorn, we have not found comparatively obvious species connection. There is no inevitable connection between the plants, and moreover, the plant types in the forest are more comparatively closed with those of the natural vegetation. The stands of seabuckthorn especially the species connection still remains to be studied in the future.

3.3 Community characteristics of Seabuckthorn 

Hippophae L. Genus may have ever originated from middle and high ailtitude between the east Himalayas and Traverse Mountain. Its primitive species is a kind of sunny hardwood which is fond of  water and sandy soil , able to bear atmosphere aridity and frigidity, and it is a member in the variable zone transiting from grassland to forest. Low illumination, high temperature and excessive low precipitation are the limited factors of distribution of Hippophae L. genus14. Seabuckthron is often the pioneer species of forest after fire and cutting action, forming the single community. With evolution goes on, the forest gradually recovers, especially when the illumination is insufficient, seabuckthorn declines rapidly and have finished its historical mission.

Tab. 1 Community characteristics of different Hippophae rhamnoides ssp. sinensis forests in the Beichuanhe basin

	Item
	QH8113
	QH8091
	QH7192
	QH8111
	QH8121
	QH8041
	QH8093

	Species type
	P.crassifolia+ Seabuckthorn.
	P.crassifolia+Seabuchthorn
	L.principis-rupprechtii+Seabuchthorn
	B.platyphylla+ Seabuckthorn.
	P.cathayana+Seabuckthorn.
	Seabuckthorn.
	Seabuckthorn.

	Land use form
	Converted farmland
	Converted farmland
	Converted farmland
	Converted farmland
	Converted farmland
	Natural bush
	Converted farmland

	Converting time
	13
	27
	17
	23
	22
	30
	10

	Gleason

Richness index
	6.881
	5.926
	8.411
	10.897
	15.626
	15.533
	16.155

	Simpson

Dominant index
	2.169
	1.124
	1.121
	1.093
	1.564
	0.296
	0.078

	Shannon-Wiener

Diversity index
	2.022
	2.134
	2.304
	2.560
	3.541
	2.988
	2.860

	Sheldon

Evenness index
	2.755
	2.939
	2.770
	2.761
	2.425
	1.000
	1.671


Community characteristic of seabuchthorn is showed in table 1. As to the richness index, the natural forest is 15.533, the artificial forest is 16.155, and it is generally higher than that of the other inter-planted forests; According to different mixed forests, the richness index of broad-leaved forest is 10.897-15.626, and it is higher than that of conifer forest which is 5.926-8.411. Seabuckthorn bush is at the primary stage of succession, which is mainly composed by sunny species of great tolerance. And the vertical height of forest is low and the illumination in the forest is comparatively sufficient, where many species are suitable to distribute. So its Richness index is higher than that of other inter-planted forests. Broad-leaved forest is mostly broad-brush with better illumination condition, and it can contain much more tolerant and moderate species. So its richness index is higher than that of conifer forest.

As for Dominance index, conifer forest takes up the first place (which is 1.121-2.169), which is contrary to Richness index. Broad-leaved forest ranks two (which is 1.093-1.564), and seabuckthorn is the lowest (which is 0.078-0.296). In form 1, most of artificial forests are converted farmland, where row spacing is comparatively even, and at the same time, richness of conifer forest is comparatively low, so it is easy to understand why its dominance degree is high. However, seabuckthorn’s ability of spreading is so strong and species types are so various that it forms a situation in which dominance degree is comparatively small. Diversity index of the Populus cathayana+Hippophae rhamnoides ssp. sinensis forest is the only one that can arrive at the value of 3.541, the rest has a similar trend as that of richness, that is seabuckthorn bush is the comparatively high one, which is up to 2.860-2.988; that of the broad-leaved forest is medium, which is 2.560; and that of conifer forest is the lowest, which is 2.022-2.304. Through doing some comparison, we found that the trend of Evenness index is the same as that of dominance index. Evenness of the conifer forest is the highest, which is up to 2.755-2.939; that of broad-leaved forest is medium, which is 2.425-2.761; that of the seabuckthorn bush is the lowest, which is 1.000-1.671. We can also find out that after conversation, richness index of 2 kinds of forests, Picea crassifolia+Hippophae rhamnoides ssp. sinensis aged from 13 to 27, drops from 6.881 to 5.926, as it indicates that, with the canopy increasing, species in the forest not only gradually transits from sunny and neutral to shady, but also its quantity reduces constantly, which trends to reach the local climax community –Picea crassifolia+ lichen.

After conversion, species is comparatively single at the beginning, and as time passes, weeds and pioneer plant with strong spreading ability reach successively, which increases species type gradually. In the series of succession, the stage with highest richness is the middle one, in which there are comparatively much more life forms, which are generally arbor-shrub-herb, and even in which arbor and shrub layer can be divided into 2 inferior layers, and the species types increase acutely because of the low density. At this moment there are not only the remnants of pioneer stage, but also neutral species of the transitional stage, and there are even more shady species appearing in advance. The vegetation variety of the climax stage has a lot of similar characteristics with that of the pioneer stage, for example, the species is always seldom. But there is intrinsic difference between them. Diversity index of the Pioneer stage is relatively low, but species type is mostly sunny ones. It is easy to tolerate bad conditions and restore community, but it is in the earlier stage of transference with bad resistance, so the stability is comparatively bad and will finally be replaced by other species of later stage. However, as for the vegetation of the climax stage, though its variety is relatively low, it is almost shady species and though restored ability is not so good when it is interfered, especially by the artificial destruction, the resistance of community of this stage is the strongest, so the stability is the highest, and it can maintain itself and can survive continuously forever15. The vegetation of the topmost stage is the shady species, which is exactly the model of imitative community in land converting program. In this course, seabuckthorn gives play to covering the earth's surface, improving soil and assisting arbor species from the beginning to the end, and it withdraws from the stage "quietly " until the arbor grows to denseness. It paves the way for the forming of the top community of Picea crassifolia in Beichuanhe Basin. So we can say that seabuchthorn is the " key kind " in the succession in Beichuanhe Basin, and through its function in many aspects, it promote the community evolution. In practice, we should afforest many kinds of seabuckthorn forests according to its characteristic.

4 Result and discussion

Beichuanhe Basin which lies in the upstream of the Yellow River has a very important ecological status. Afforestation of multiple functions forests through imitation and rehabilitation has already become an important component of 3-north shelter forest construction, land converting program and comprehensive management of small watershed. Seabuckthorn is a very important species in this region. In this article, we have studied the distribution, composition and community Characteristics of seabuckthorn in Beichuanhe Basin so as to offer the scientific basis for the eco-environment construction projects. The result shows as following:

(1)There distributes natural seabuckthorn forest in most areas of Beichuanhe Basin of the elevation from 2300m to 3600m. In the low mountain area under 2700m with arid climate, barren soil and dense population, the original secondary forest is mostly cultivated into farmland. In The shady and semi-shady slope of this area, we can breed pure seabuckthorn forests or inter-plated forests. There exists comparatively large seabuckthorn forests above 3000m where is already belong to highly cold area. Because of the limitations of coldness, it is very difficult to recover if it is destroyed. So, the main task at present is to enclose, manage and protect the forest. In the high mountain between 2700-3000m, the resources of the light, heat, water and soil are comparatively ideal, and all kinds of slopes is fit for different forests of seabuckthorn.

(2)Rare and single species is a remarkable characteristic of Beichuanhe Basin. There are mainly 4 kinds of natural forestsand and 6 kinds of artificial forests. In the practice of afforestation, we have  corresponding artificial forest except forest of Populus davidiana+ Hippophae Rhamnoides ssp.Sinensis.Picea crassifolia+Hippophae rhamnoides.ssp.sinensis and Betula platyphylla+Hippophae rhamnoides ssp. sinensis, are two kinds of good mixed native stands for imitation of rehabilitation in high mountains while two kinds of good artificial stands, that is, Larix rincipis-rupprechtii+Hippophae rhamnoides ssp. sinensis, Populus cathayana+Hippophae rhamnoides ssp. Sinensis are suitable to afforest in the shady and semi-shady slopes of the low mountains and pure seabuckthorn stands and mixed types of seabuckthorn forests and herbages, are eligible for high mountains and semi-shady and shady slopes in the low mountains. The construction of all kinds of seabuckthorn is mainly to imitate and rehabilitate the first and second layer, and should have the third layer (small bush and herbaceous layer) take its course. We should try our best to protect the original vegetation in the course of land reclamation and afforestation, and promote covering of vegetation by managing and protecting.

   (3)In forest grassland area, seabuckthorn forest transfers from herb and sub-shrub or is formed by settling down as the pioneer species after the arbor trees are destroyed. Then Seabuckthorn will create the conditions for arbor to invade progressively through improving the ecological environment constantly. As an tolerant species, seabuckthorn’s important function is to capture all kinds of slashes clear land fast, and then realize succession which is from shrub to arbor till the climax community by improving soil and assisting the arbor species. This point is effectively supported by the data of community characteristics of different seabuckthorn forests. In the process of succession, the kinds of plant species not only change from intolerant, moderate to shade-tolerant species, but the number of the species gradually decrease as the stands grow and canopy coverage increase, with the Gleason richness presenting from small to large then small again along with the growth of seabuckthorn going on, and the Simpson dominance index presenting a contrary process. It accords with the following rule. That is : in the process of forming a community from converting farmland, species should go through the course as spread、settle down、gather、compete、react and then stabilize. And in this course, at first, it is mainly controlled by the un-ecology factors, and then it is gradually controlled by the ecology factors. What is more, it will lead to the forming of a regular component of species finally. The climax community in this region is Picea crassifolia+ mosses.

(4) It takes a long time for the succession of seabuckthorn. In this course, we should also pursue its good eco-economic functions. So, it is inevitable to optimize and manage the structure of the artificial shrub forest. By adjusting density which includes choosing from thick to thin, from small to big, from weak to strong, we can guarantee the biggest amount of living beings of seabuckthorn. In the mixed forest, we can solve the power problems of masses by artificially cut the wither trees so as to exert its various eco-economic functions.
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Wild Sea buckthorn (Hipphophae rhamnoides L.) area,

its forms and outlook for use in Mongolia

Ochirbat G.,

Institute of Botany, MAS., Ulaanbaatar, Mongolia


A pressing topical problem in contemporaneous of the Mongolia is securing a further to people by fruits and berries. 


In the modern time Sea-buckthorn (Hipphophae rhamnoides L.) attract draw of multi plicate (numerous) researchers and production and pharmacology this world to multi-useful plants, as medicinal, as fruits, as fodder crops, and soil fixing and as sand binding plants. This plant growing in the widely distributed species of plants difficult acclimatization condition and in ecological variety in Mongolia. 


Sharpness climate and ecological brutal conditions in our country sea-buckthorn is the very berries we want. In Mongolia strong effect of spring and autumn frozen on all fruit and berry plants. In autumn that is in end august, when often freezing, time is ripeness for it’s berry. This period is maximal carotene accumulation decreased in fruit. On of astonishment on sea buckthorn is it patience -30o and more minus degree cold weather in nature and it not lose its high-quality (Ochirbat, 2003.)


In severe ecological situation to all zone of Mongolia, local peculiarity of Gobi and Depression of Great lakes Sea-buckthorn natural selection leaved and sea-buckthorn life form creation of xerophytes type. Sea-buckthorn pronounced xenomorphically feature in all zone of Mongolia any-where have reduction (diminished) leaf surface, multiplication changed, and leaf pubescence. A peculiar type of Sea-buckthorn adaptation in Mongolia, is protecting from excessive over heating. 


A mass sprouting formation, strong branching, thornily (prickle), thick parterre growth of Sea buckthorn, is it’s adaptation from over heating. Peculiarly this for Gobi and Great lakes sea buckthorn. 

Sea buckthorn such peculiarity reserved in Russia in Buriat and in TUVE. But on the flood lands of river Katuni of Altai isn’t such natural phenomenon. 

A protecting adaptation is so a bark color on the forest steppe zone, mountain and on the depression of Grea lakes.

If a bark color with grey of sea buckthorn on the forest – steppe zone and  mountain and on the Depression of Great lakes, so contiguous regions of Russia ( Gatin, 1963) while on the motion to south of Mongolia, especially in Gobi, sea buckthorn bark color acquisitioned whitish and snow-white  colors (Laagan, 1985) (Figure 1.).


This plant in the Mongolia growing on the river banks, lake coats, uremia’s, waterside pebbles, forest fringes, canyon slopes.


By botanic-geographical zone of Mongolia, Hipphophaeee rhamnoides L. distributed along Khangai (environs of Uliastai), Mongol-Daurian (middle course of Slenge river), Khovdo (Bokhmoron river), Mongolian Altai (Khasagt Khairkhan, upper reaches of Bulgan gol), Depression of Great Lakes (Uvs nuur), Valley of Lakes (Beger nuur) and Gobi-Altai (Ikh-Bogd uul) regions (Gruvob, 1982; Ulziikhutag, 1985.) (Fig. 1.)


Statistic distribution of the morphophysiologygical features (pheno) of reproductive and vegetative organs with different phenotypic class corresponds to the theoretical distributions for the middle population variability, but in case of individual populations there is high frequency of features more variable to the left and right in variation curl, specially in desert and desert steppe zone within range sea-buckthorn in Mongolia. These populations become a center of various forms and great oil producer in their fruits in cooperation with Europe –Asian subspecies of genus Hipphophae L. It is, thus clear that Hippophae rhamnoides L. ssp mongolica Rousi.is world significant genetics recourse (Tsendeekhuu, 1996). In middle this grove of Sea buckthorn growing is diversity forms in morphology and biology. Our research workers in the last  time discovered  about 30 forms of  Hippophae rhamnoides L.
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Figure 1. Sea buckthorn area in Mongolia (()


In this, we studied about 10 forms sea buckthorn and begin cultivation some of them in Bayangol of Batsumber sum (region) of Central (Tub) aimag. Among this, we pick out B -10 (0-16.8) form of  H.rhamnoides. This berry is with red-yellow color and ball-shaped figure. A fruit –olive of this form not small of kind  ‘Zolotoi pochatok’ Sea-buckthorn and berry interesting in cultivation perspective and to selection work. (Ochirbat, Dejidkhuu, 1986). Area and quantities of sea buckthorn forms of Mongolia, one can you on the table. 1.

Quantities sea buckthorn forms in Mongolia.

Table. 1.

	
	The regions of seabuckthorn forms
	Quantity

	1
	Durbediin tsokhio of Bulgan sum of Khovd aimag
	3

	2
	Okhindii of Schaamar sum of Selenga aimag
	2

	3
	Schar aral and Khar but of  Aldarkhaan and Durbeljin sums of Zavkhan aimag (Mongol els and Borkh gol)
	6

	4
	Baiangol seabuckthorn plantation of Batsumber sum of Central (Tub) aimag.
	11

	5
	Udleg seabuckthorn plantation of Batsumber sum of Central (tub) aimag
	3

	6
	Tesiin goliin sav of Uvs and Zavkhan aimag
	5

	
	Total
	30


A sea buckthorn shrub formation in Mongolia in one’s own time considered 29654 hectare and its berry’s stock composed 7115 tons. A crop of one hectare is in limit 2.4 metric center (Laagan, 1985 ). But area of willed growing Hipphophae rhamnoides L. in the last time from day to day diminished out of disorderliness use berries and out of disorders nature preservation organization and its plant-resources in region. In the Mongolian condition, intensive live-stock raising use be found under the negative influence on the Sea buckthorn scrubs growth and development. 
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Figure 2. Sea buckthorn shrubs on the next fire 

(Round of woman’s) 

One of diminishing reason willed sea-buckthorn area in region is fire and for a river to overflow its banks in long time (more 30 days ). Example this is in region Okhindii of Selenga and Orkhon rivers basin. In this region on the 30 years ago be have large sea buckthorn grow and gelds of this to 30 tones in year. But at present time in this location not sea buckthorn grows and as son as remained one and two shrubs. Because side by side with this need organize sea-buckthorn cultivation plantation on the irrigation (sewage-farm) fields. In plantation note should be taken on the variety sea-buckthorn chuiskaia from Russia  and Mongolian kinds: Chandman, Ulaangom and Tes. 

Hippophae rhamnoides L. is valuable medicinal plant and contented carbohydrates, micro elements, vitamins and others biological active matters (Ochirbat, Laagan, 1987).


In the last time by our researchers determined macro-and microelements and open land elements in fruit and leaves.

Content macro-and microelements in leaves and fruit 

of sea buckthorn in Mongolia (in %).

(By Baigalmaa B., Jamyansan J. and others, 2005 )

Table. 2.

	Elements
	Si O2
	Ti O2
	Al2 O3
	Ca O
	Mg O
	Fe2 O3
	P2 O5
	Mn O
	K2 O
	Na2 O
	( TR2 O3

	Leaves
	6.1
	0.1
	1.73
	24.64
	8.14
	0.52
	0.05
	0.21
	18
	1.72
	0.02

	Fruits
	6.0
	0.11
	1.91
	2.3
	0.5
	1.02
	9.15
	0.05
	5.7
	2.0
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Figure 3. Part of sea buckthorn plantation.
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Figure 4. Sea buckthorn brunch with berries   
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Figure 5. For sea buckthorn breading by green brunch 

need selected good materials.    
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Figure 6. Green houses for sea buckthorn breading 
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Figure 7. Green brunch of sea buckthorn. 
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Figure 8. New small radix growing of green 

brunch of sea buckthorn

Oil content by method extract (by H-gexan) compositions in leaves 2.9% and in fruit 20.96%. By method atom-adscription analysis in fruit contented Co – 9.12mg/kg, Mo-9.7mg/kg, Zn -168 mg/kg, and Si -18 mg/kg. Thus (in that way) researchers of  Mongolia from Sea-buckthorn discovered more 60 element and combination (compound).


Producers and pharmacology manufactured multiplicity produces and medicaments; foodstuff, Jam and Jelly, Syrup, oil extraction, cosmetics, Hard drink, light sparking wine and others.


For rational use Hippophae rhamnoides L. scrubs necessary take same discipliner measures: 

· A plot of scrubs will give  to personal propriety (personality)

· Will give in leases in long time

· Will give to public order squad (group)

· Organize state organization for development and preservation. (In results bring into proper correlation between masculine plants and feminine plants)

· Organize gene found collection in Horticulture and Biotechnology materials for the future selection research works, and others.

Conclusions

1. In Mongolia is growing about 30 forms of Sea-buckthorn (Hippophae rhamnoides L.), which differ in length, width, and in color forms, in light of fruits stalk.

2. On the this situation, it should be organize recultivation and protection wild sea-buckthorn scrubs on the place.

3. Hippophae rhamnoides L. in Mongolia with concentration in the Basic of rivers Selenga, Orkhon, Delgermuren, Tes, Buckhmuren, and Khovd.

Large sea buckthorn plantation in Mongolia organized in Ulaangom UVS aimag of western part of Mongolia and Udlig of  Batsumber of central aimags.

4. In last time in Mongolia resources of willed form Sea-buckthorn diminished from years to years for the most part of degradation, irregularly use and of surface fire and Hood in long time.

5. Willed sea-buckthorn fruits coat, seed and Sap of fruit contented oil in more quantity, which of sharpness climate zone in Mongolia for this adaptation.

6. For extension production of sea-buckthorn in first time in Mongolia need organize protection nature sea-buckthorn grow on the region and will be collected variety forms to future selection work.
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Seabuckthorn-Programme for Mustang, Nepal: Safeguarding Medicinal Plants and the Biodiversity of Nepal.

Dr. Susanne von der Heide

HimalAsia Institute for Intercultural Communication and Documentation Kathmandu, Nepal
Basic Ideas

The Seabuckthorn-Project should serve as one measure to safeguard  medicinal plants and the biodiversity of Nepal and as a sustainable income source for local people, since it is directly addressing poverty faced by local communities. Besides, due to severe climate changes, Nepal is suffering from land degredation and soil erosion in different patrs of the country, and the seabuckthorn project would help to control this devastation by planting seabuckthorn on slopes and degraded land. Seabuckthorn is a highly nutritious multi-functional plant resource with ecological/ environmental, economic and social benefits. Therefore HimalAsia has started in 2003 in Mustang, Nepal, to establish three seabuckthorn-nurseries. This programme was initiated in cooperation with two community based cooperatives/committees 

(the Lekshey Choeling Chunmay Lobta Nunnery School and the Ku Tsab TerNga Monastery in Mustang) and with one Amchi family (doctors of traditional Himalayan Medicine), who in the meantime also formed a local cooperative/committee. Each nursery received 3000 polybags containing three to four seeds. It is planned to increase the amount of seabuckthorn seeds in each of the three nurseries later, given that the local committees are looking carefully after the plantations, specially during the first two winters. In 2005 a women cooperative in southern mustang joined the programme and also established a seabuckthorn nursery with the support of HimalAsia.

It was as well planned to begin to harvest the wild growing seabuckthorn forests that are found in certain areas of Mustang in a sustainable way, also in order to overbridge the period of getting seabuckthorn-berries from the nursery procuction. The collection from wild forests for the species of seabuckthorn tibetana  in Mustang has started in summer 2004; the collection from wild forests for the species of seabuckthorn salicifolia has started in autumn 2004 by forming women forest user/consumer groups, mainly from low income groups, who were trained by HimalAsia to carry out this work without overharvesting the wild forest.

The basic idea is to establish more seabuckthorn nurseries/seabuckthorn forests in different communities of Upper and Southern Mustang in Nepal to use it as an income source for the locally involved actors, and to show that this approach could serve as a model that can be replicated in other areas of Nepal, also with other medicinal herbs that could be cultivated, for example taxus baccata or artemisia vulgaris. Since many of the local population have migrated from this relatively arid area, which on the other hand has a highly developed traditional culture, more than hundreds of years old, it would be furthermore a measure to help to safeguard this unique culture in trying to generate income here. 

HimalAsia hopes that with this programme on one hand a market in Nepal itself for seabuckthorn products could be established were the local cooperatives are directly benefitting from and small and medium sized enterprises might develop. In this regard it is important to remark that a large market for seabuckthorn juice could be developed locally and the  seed-oil could e.g. be used to treat patients with burns and scars in local hospitals more efficiently and less costly as with usual medicine/treatment ( A project in this regards has been initiated already from HimalAsia together with one hospital for plastic surgery/burnt wounds ). On the other hand it is envisaged that international companies will buy in future products from the local cooperatives - for example seabuckthorn oil for medicinal and cosmetic purposes, that will be processed directly in Mustang by using mobile oil machines that will be used by the different local cooperatives.

The berries of seabuckthorn in nurseries can be harvested the first time after five years and would be afterwards a reliable cash crop for decades. The involved locals were trained by HimalAsia how to take care of these seeds/plants. Besides, they will be trained in the next three years how to prepare juice out of the berries, to be able to sell this juice later to foreign trekkers and to the local population who know about the nutritional value of the the fruits, since awareness campaigns in this regard have been conducted in the last two years. Besides, tea will be prepared out of the pulp of the trester (the first samples are already sold in Mustang to Trekkers and in Kathmandu in supermarkets) and from seabuckthorn-leaves and special Amchi remedies will be developed in combination with other medicinal herbs. The seabuckthorn-berries for that purpose will be collected from wild seabuckthorn forests, This collection has started with the support of HimalAsia in summer/autumn 2004 already and the results have been very convincing.

Furthermore it is planned to get seabuckthorn-pulp and seed oil out of the remaining trester from the juice preparation which can be used for medicinal and cosmetic purposes. HimalAsia has been able to produce the first batches of extracted seabuckthorn oil together with the Research Centre for Applied Sciences and Technology (RECAST), Tribhuvan University, in summer and autumn 2004 (for the local market).

Since the two species of seabuckthorn that are existing in Mustang (Hippophae tibetana and salicifolia)  are growing at the ‘top of the world’ in the Himalayan area at an altitude between 2500 and 4000 meters, the quality/properties of the seabuckthorn juice and especially of the oil made from the remaining trester will be one of the best in the world.

 Advantages of the Project

Since seabuckthorn is unlike other medicinal herbs of the Himalaya not threatened by extinction it can serve as a particularly suitable cash crop plant. Particularly in the Mustang area two species of seabuckthorn are found: the tall growing seabuckthorn tree (Hippophae salicifolia) and the small seabuckthorn bush (Hippophae tibetana).

The Mustang region and other similar areas in the Himalayas suffer from a high level of land degradation, desertification and soil erosion. As seabuckthorn plants are extremely hardy and exhibit vigorous root growth, they could play a significant role in ecological rehabilitation, and it is hoped that the project will serve to mitigate these environmental concerns. The Institute for Technology in the Tropics, University of Applied Sciences in Cologne in cooperation with HimalAsia, is currently using the seabuckthorn project to conduct research into the beneficial effects of the plants on soil quality, soil erosion and degradation, since threatening landslides due to climate changes occurred in Mustang and adjacent areas in the last years. Especially the outburst of glacier-lakes is expected and also the further melting of glaciers in e.g. the Dhaulagiri and Neelgiri/Annapurna mountain ranges. 

The project directly addresses the poverty faced by the local communities – especially also the local forest user group members belonging usually to very low cast groups - by simultaneously supporting the establishment of seabuckthorn plantations as well as the collection of seabuckthorn in the wild forests in a sustainable way, and developing a market for the sale of the plant products, locally and internationally (juice, tea, jam, amchi medicine, oil for cosmetic and medicinal purpose).  

The project addresses social concerns in four ways:

-
Income from the seabuckthorn nurseries are used directly to provide a sustainable source of income for the Lekshey Choeling Chunmay Lobta Nunnery School and the Ku Tsab TerNga Monastery, providing education to young children.

-
The project alleviates the problem of malnutrition through the development of seabuckthorn products rich in vitamins A and C, E and omega-3 fatty acids, minerals and other active substances.

-
The project also addresses the question of gender equality, given the involvement of several women’s co-operatives in the collection, cultivation and sale of seabuckthorn products. The project also provides revenues for the education of young women at the Lekshey Choeling Chunmay Lobta Nunnery School.

-
Furthermore, the project could play an important role for the local hospitals that are having patients with burns: the seabuckthorn seed-oil can be used to treat patients more efficiently and less costly. 

Partnerships with other Organisations/Institutions

1)Three co-operatives – the Ku Tsab TerNga Monastery Committee of the village of Thini, the Lekshey Choeling Chunmay Lobta Nunnery School Committee of the village in Tsarang as well as the  Amchi Clinic Committee of Tiri, Upper Mustang, have been involved in the seabuckthorn programme, after they had requested HimalAsia to become partners, and accordingly three seabuckthorn nurseries have been established. 

2)Therefore more seabuckthorn nurseries in Mustang will be established now: After HimalAsia was requested, it was decided that in a new partnership the Ama Sama Group (Mother Group) of the village of Larjung will be implementing in 2005 a nurserie at their village, in order to have an independent income resource for future in addition to the already existing wild seabuckthorn forest, which is relatively small in that area. Also in this regard the Khenpo (Abbot) of the Dzong Choede Shedup Choephel Ling Monastery in the village of Dzong, Mustang has requested HimlAsia recently and asked for helping the monastery with currently 10 lamas to establish a seabuckthorn nursery there as well. Besides, also the villagers/women from Dzong want to start the collection from the wild forest of the species tibetana with the support of HimalAsia in coming autumn. In this respect they would like to form as well a Women Forest Consumer Group.

3)Furthermore in autumn 2004 two Women Forest Consumer Groups were formed in Lete/Kalopani and in Larjung, who were trained how to collect seabuckthorn in a sustainable way in the wild forest. These women belong to poor families of that area, who are able to generate income in this way. In autumn 2004 these two groups started for the first time to pluck seabuckthorn berries in the wild forests of Lete/Kalopani and Larjung collectively in order to make berry juice for sale and especially to get seeds and pulp of the remaining trester that was seperated for this purpose, to be able to make tee and oil out of it later. The  trester/seed/pulp of seabuckthorn was sold then to HimalAsia, who transported it to Kathmandu in order to get oil out of it at the RECAST Institute. All women were registered, the trester was weighed, paid and documented; and they were taught before how to carry out this work without overharvesting the wild forest. The collection of seabuckthorn-berries was carried out under the surveillance of HimalAsia in collaboration with the national  responsible institutions. In this way future certification for transparency of the seabuckthorn products collected in the wild can be guaranteed.

4) Other important partners are three University Institutions: 

RECAST in Nepal, and the ITT (Institute for Technology in the Tropics) in Cologne, Germany, are involved with HimalAsia in research and development programmes in concern of seabuckthorn.

a)  RECAST and HimalAsia are currently doing research on the cold oil pressing methods, as well as testing extraction methods for the local market from seabuckthorn. b)Besides, a bioprospecting research program for medicinal herbal plants, including seabuckthorn species of salicifolia and tibetana, was initiated from HimalAsia with RECAST and the Department of Botany, Tribhuvan University. c) With the ITT in Germany HimalAsia is involved in a climate change programme, where the seabuckthorn project plays a vital role, since the plants exhibit vigorous root growth, so that their plantation can be used as a measure against landslides, that devasteted several villages in Mustang recently due to climate changes.   

5)Besides, HimalAsia has contacted MUSE a local cooperative in Spiti, Himachal Pradesh, North India, in order to create a kind of belt in the Himalayan region of local cooperatives who are involved in the collection/plantation of seabuckthorn to facilitate to get a stable price for the local people for their seabuckthorn products in future by exchanging experiences and working on a joint programme. The idea is to link various producers who can then join hands for their mutual interests.

6) HimalAsia has started in spring 2005 to collaborate with one hospital in the Kathmandu Valley by starting a research-programme with seabuckthorn seed-oil to treat patients with burns and scars more efficiently and less costly.

Further Measures 

1) After being convinced that the demand for the seabuckthorn products from Mustang is there (and after discussing as well as with trekking lodge owners in Mustang and supermarket-owners in Kathmandu), now it can be planned to establish more seabuckthorn nurseries in Mustang. 

2) Besides, HimalAsia has also started to train the local people how to harvest the wild growing seabuckthorn forests in Mustang in a sustainable way (initiated in autumn 2004), in order to be able to achieve the necessary amount to produce juice and oil as soon as possible (it is very difficult to understand for the villagers to wait for five years until they can harvest for the first time their seabuckthorn berries from the nurseries. Therefore overbridging measures have to be conducted). 

3) The training and awareness programmes of/for local people, as HimalAsia has understood again recently in autumn 2004, are most necessary; but also the involvement of district/governmental bodies has to be guaranteed, and these bodies have to be instructed thoroughly, in order to work successfully together with the local consumer groups/committees and to guarantee good results.

4) The major hurdle in the moment that needs to be overcome is to get the right oil pressing machines (different types for pulp and seed oil) to install them at the community/co-operatives villages in order to be able to process oil right at these places, so that the locally involved partners are benefitting directly from the programme. It has to be discussed which machines exactly  will be necessary and how to get the involved finances, since these machines are very costly. HimalAsia has started to work collaboratively in this concern with RECAST, in order to develop own machines, but besides, oil machines have to be purchased on the international market.

5) More capacity building measures, management and  training needs to be carried out for the villagers. HimalAsia needs more trainers in this regard: It takes five years until one can get the first harvest out of seabuckthorn. Therefore it is difficult to convince the local people to establish seabuckthorn nurseries and look properly after them, because it will take long time until the first ‘product’ can be seen. Villagers in these areas are trying to get cash crops as soon as possible: 

Therefore constant training of the involved locals and control of the nurseries is very important - especially in the first two years in winter, when  large part of the seeds can become dry and will die.  After the first two winters normally two third of the planted seeds should have surveived and will be grown large enough to be taken out of the nursery and planted outside in the garden or in the fields. More training in future would be therefore required.

Vision for Future

The vision is that Mustang will become in future a huge seabuckthorn forest that could be utilised for local communities to get a sustainable income as described above, and besides could as well serve as a model to mitigate soil and land degradation by planting seabuckthorn. 

The above developed ideas could moreover be replicated for other herbal plants that are not threatened of extinction in the Himalayan area. They could serve as cash crop plants and in this way help to generate income, particularly in remote areas, which will also help to safeguard the biodiversity of Nepal. Taxus baccata and Artemisia vulgaris are two medicinal plants of high value, for example.

Nepal has the potential to become one of the important suppliers of plant-based products to the world. In order to obtain this enviable status Nepal should build an infrastructure and develop a framework to pursue and implement market driven policies that create an environment largely of public-private partnerships. Participating organisations should be motivated to address such issues as biodiversity loss, the need to enhance Nepal’s knowledge base in science and technology, and ensure that the opportunity for wealth generation is distributed through robust small and medium size enterprises. Opportunities for women and adult youth to engage professionally in medicinal plant programmes should be encouraged through education and training, both nationally and internationally. In the long run it should be considered to involve international organisations/companies to support to build the infrastructure for medicinal plant programmes in Nepal, which would have the capacity to lift the country out of poverty and pivot Nepal toward an era of more prosperity and sustainability for its people and its bioresources.

Integrated management of seabuckthorn carpenter moth: Holcocerus hippophaecolus (Lepidoptera:Cossidae) 
You-qing Luo, Shi-xiang Zong, Zhi-chun Xu

(The Key Laboratory for Silviculture and Conservation of Ministry of Education, Beijing Forestry University, Beijing, 100083)

Abstract: The current situation and main disaster of Holcocerus hippophaecolu in China are briefly discussed. It is point out that the control of H. hippophaecolus should pay attention to the regulation and control of the local seabuckthorn forest ecosystem and pursue the maximization of the comprehensive benefit of forest from the point of view theory of ecology regulation and controls and idea of forest health. Integrated management of H. hippophaecolus should include: (1) Develop practical technologies of sex attractant and harmonious pesticides. (2) Protect and apply natural enemies. (3) Breed insect-resistant and drought-resistant species. (4) Change forest management models of seabuckthorn and so on.

Key words: Holcocerus hippophaecolu, integrated management

Seabuckthorn (Hippophae rhamnoidea L.), one kind of shrub or sub-arbor tree with orange or yellow berries, belong to Hippophae genus of Elaeagnaceae family, commonly, the trunk is about 2m, and the most height can arrive in 10m. Seabuckthorn are of the characteristics of arid-resistant, cold-tolerant, barren-enduring, light-degree salt tolerant, and it are of strong ability of fixing nitrogen and tillering and sprouting, and dense shrub and well developed root system, and it can rapidly improve adverse ecological environment through effectively conserving and improving soil and promoting the growth of other plants.

China is a country of the largest area, the most species and sub-species in natural seabuckthorn resources distribution and the most effective in the construction of plantation in the whole world. Seabuckthorn is one of the best potential and future species used on a large scale to control desertification, to conserve land and water resources particularly in northern China. In addition, it is an economy plant with higher comprehensive development value, and it has become an important biology source in the development of regional economy and protection of bio-diversity in China. So, Seabuckthorn plays a great significant role in China’s eco-environment construction and economic development.

However, in recent years, Seabuckthorn carpenterworm has broken out in Inner Mongolia Autonomous region, Ningxia Hui Autonomous region, Shaanxi, Shanxi, Liaoning, Hebei and Gansu provinces in China, and the damage area amount over 2 million Mu and about 1 million Mu has withered totally. It caused a great economic loss in the industry of seabuckthorn of China for the damage step-up severity.

The seabuckthorn carpenterworm, Holcocerus hippophaecolus Hua, Chou , Fang et Chen belongs to Lepidoptera order, Cossidae family, Holcocerus genus, and mainly cause damage to stems and roots of seabuckthorn during larvae stage. The most of newly hatched larvae mainly harm the phloem of the stem and cause the epidermis to wither, and only a few bore the xylem. The larvae transferred from the stem to the root before winter and cause the whole tree to wither for most roots were bored to be hollow。The windbreak of seabuckthorn was found in Liaoning for seabuckthorn carpenterworm severely infesting in rootstock, and the sunburn easily happened for the water transportation of seabuckthorn affected in Inner Mongolia autonomous. In addition, large scale withered seabuckthorn can be seen everywhere in Ningxia Hui Autonomous.

In order to control effectively seabuckthorn carpenterworm to damage in a large scale and establish a whole technology system of Integrated Management, since 2001, bio-ecological characteristics, disaster reason and forest management etc. were researched detailedly, and the results showed as follows:

1   Bio-ecological characteristics

1.1、Biological characteristics

In Liaoning, a generation of H. hippophaecolus lasted four years, and mature larvae leave roots to pupate under the ground in the first and middle decade of May, and pupa stage is 26 to 37 d. The moths emerge from the end of May to the early of September wiht two peaks of eclosion, and the first time is in the middle decade of June and the second in the last decade of July. Newly-hatched larvae emerge in the early of June and overwinter in the last decade of October. 

Female moths always lay eggs to the crevice and wound in stem bark, and only few on the branches. The height of egg has some difference for the growth of seabuckthorn tree in different regions. 90 percent of eggs are laid under the 1.6m height. Egg hatching can be seen at day and night, but is mainly in the afternoon and the percentage of egg hatching is over 90. Egg stage is from 7 to 30 d and 16 d averagely.

The larvae have the habit of aggregation with several to hundreds to cause damage to seabuckthorn, Usually, the newly-hatched larvae mainly bored the phloem of stem and cause the epidermis of seabuckthorn to become wither, only a few bored the xylems, the larvae that newly-hatched transferred from the stems to the roots before the winter of the same year and cause seabuckthorn to die through boring the roots. The mature larvae pupate in soil around the base of stem with the depth of 10 cm; pupa stage is from 26 to 37 d with average of 31 d, the moth emergence occurs in 4:00-7:00 p.m., and copulation peak appears around 9:30 p.m. The sex ratio of female to male is 1:0.85 in Inner Mongolia Autonomous region and 0.912:1 in Liaoning, the female may laid eggs through all day and night, especially in the next night between 8:30 to 10:00 p.m. after copulation. The longevity of male moth is 2-8 d and female moth is 3-8 d. H. hippophaecolus overwintered with larvae in the stems and roots of seabuckthorn, the overwintering stages and location were not influenced by the direction of slope and the degree of damage in different woodlands.

1.2 Ecological characteristics

1.2.1 Spatial distribution

The spatial distribution of H. hippophaecolus pupa, egg and larva were aggregated distribution pattern entirely. By comparison of five sampling methods, we can reach that the chessboard sampling was ideal sampling method for the larva.

1.2.2 Developmental threshold temperature(C) and effective accumulative temperature (K) 

The values of C and K of the carpenterworm pupae are 12°C and 295.2day-degrees at constant temperatures, and 15 °C and 202.4day-degrees at variable temperatures. However, the values of C and K of the eggs at variable temperatures are 16.7°C and 101.5day-degrees.

1.2.3 Different instars of the larva

The seabuckthorn carpenterworm larvae were identified to be of sixteen instars through measuring the width of head, the length and width of body and oral hooks, the head width of different instars accord with the growth regularity of larvae head width that was found by Dyar. In addition, the relation of the number of crochets in caudal legs, the length of prothorax lateral seta and the size of abdominal legs were studied in different instars larvae, the results showed that the number of caudal leg crochets have not obviously regularity in different instars and it can not be used to identify the instars of larvae, but other indexes have very obvious linear regression relationship with it, so, it can be estimated that those indexes can be used to identify the different instars of seabuckthorn carpenterworm larvae.

1.3 Artificial rearing

Three kinds of artificial diet, A, B and C were developed to rear Holcocerus hippophaecolus. Diet A contains water, maize powder, bean powder, cane sugar, agaragar, leaven, potassium sorbale, Methylp hydroxybenzoat. Diet B contains water, maize powder, bean powder, agaragar, leaven, Vitamin-C, sodium benzoate. Diet C contains bean powder, seabukthorn powder, cane sugar, agaragar, leaven, Vitamin-C, mixed antiseptic solution, inorganic salt. Because easily being stained, Diet B was given up after 12 weeks. The result shows that the weight of the larvae feeding on diet A and C can maintain increasing, and average increased weight of larvae feeding on diet A increases by 60% than that on diet C in early period of rearing. The pupation rate of A is 83.3%, C is 66.7%.  The emergence rate of A is 30%, C is 16.7%. Pupating in sand soil plays important role during rearing process.

2   The exploitation and application technology of sex attraction
2.1 Sex attraction and crude extracts
The results were showed that: The total number of males trapped by a virgin female moth is from 15 to 107 moths and 67 moths averagely, and the number of males trapped by one and two-day-old virgin female are 40% and 25.5%, respectively, and 94.2% of males were trapped from 20:00 to 00:00 daily. The male can be trapped in the distance of 30m to 1000m, and five males were caught at 1000m, that showed that the trapping radius of a virgin female moth is more than 1000m. Glands of thirty virgin female moths calling were extracted to trap male moths in the field, the results showed that 7 and 6 and 4 moths were trapped in three traps respectively, and zero in the comparison, so, the exist and situation of sex pheromone of virgin female were approved. However female moths copulated were placed to the seabuckthorn woodland, and no moths were trapped in traps until they all died, so, we can draw a conclusion that mated female moth have no trapping ability.

2.2 Extraction and measurement of sex pheromone 
Four effective compounds in the female sex pheromone gland extracts of H. hippophaecolus, were identified by means of thin-layer chromatography (TLC), EAG, GC, and GC-MS. On the base of having analyzed sex pheromone of H. hippophaecolus females, 10 compounds were synthesized artificially and compounded to be many compounds to experimentalize in field. Presently, 4 compounds had been confirmed to be head components of H. hippophaecolus female basically, and solvent and antioxidant required were made certain too. Until now, the most effective component can last for 17d and 47 males can be attracted in 7d in one trap, the trapping distance of one lure can reach over 100m.

3   Natural enemies and biological control

At present, 16 species natural enemies have been found in the field. Include: predator enemies two species in egg stage; parasitism microorganism four species, bird enemies two species, spider predating little larvae one species and mammal predating larvae one species in larvae stage; predating enemy insects three species in larva-pupa stage; reptile predating pupa: lizard one species, mouse one species in pupa stage

The morphological feature of adult and pupa of the parasitic wasp, Lissnota setosa, is described in detail. The research on bionomics of L. setosa shows that longevity of the male wasp is 5-8 d, average longevity is 6 d. The female longevity is 5-13 d; the average longevity is 7 d. supplying the nutrition for the ichneumonid wasps can prolong its longevity. The parasitized rate in its host increased from 3% in 2002 to 11% in 2003 in Erdos, Inner Mongolia.

The laboratory research on infecting larvae of the carpenterworms with Steinernema carpocapsae shows: the mortalities within different host age-groups differ insignificantly while treated with 400 nematodes dosages per carpenterworm. On that condition the highest mortality can reach 92.5% at constant 27℃. Furthermore, a certain mortality can be sustained between 18℃ and 30℃, however the increasing rate of mortality at 27℃is higher than at other one at the prophase of the larvae. The LD50 value was 92 nematodes per carpenterworm after testing of toxicological effects. Moreover, in field experiment with a dosage of 2000nematode/ml, the highest mortality is 47.94%. 
4   Potential distribution of seabuckthorn carpenterworm

The CLIMEX and GIS were used to predict the potential distribution of the pest insect. The results show that the pest can survive at most part of “Three North Regions” in China. Based on the natural distribution and growing history of seabuckthorn plantation, the harm extent of H. hippophaecolus as well as EI values from CLIMEX, it was concluded that H. hippophaecolus was a native pest which originally damage other tree species in that region. But for the Jianping county, seabuckthorn is an instroduced tree,so the outbreak of H. hippophaecolus is a typical example that the local pests damage the introduced tree species—seabuckthorn.

The injuring index of seabuckthorn includes mortality, the percentage of injuring plants, population density of larvae in rootstocks of 20cm, and environmental factors such as, direction of slope, position of slope et al, were investigated for synthetic evaluating the health status of seabuchkthorn shrubberies. Based on fuzzy comprehensive method, the damage degree of seabuckthorn shrubberies was divided by 4 levels. With environmental factors on growth as predictive factors, BP neural network and LOGISTIC model were respectively developed for classifying and predicting the damage degree of seabuckthorn shrubberies. The results show that the qualified rates of fitting using BP model amount to 88.1%., and the rate of concordant in LOGISTIC model is 69.4 %. Moreover, on the same condition, the effect on damage degree originated from position of slope is much greater than from any other factors.
The changes of the characteristic of spectrum and vegetation index from TM image in study areas in 1991～2004 were analysed. And the dynamic development of seabuchkthorn disaster was illustrated. Regarding the precipitation as a disaster key factor， the discerning method for anomaly degree was carried out. The result shows that the disaster of seabuckthorn and the precipitation are strongly related. If the seabuckthorn forest went through the successive drought for three years, it would lead to decline even to die away.
5   Strategies and technologies of disaster control

5.1 Strategies of disaster control

    Presently, the disaster of China’s seabuckthorn forest can be divided by biological and non-biological disasters, and biological disaster was mainly the damage of H. hippophaecolus, and non-biological disaster was bought by reverse forest condition and climate factors mainly, and these factors resulted in the wither of seabuckthorn forest. The control of H. hippophaecolus should pay attention to the regulation and control of the local seabuckthorn forest ecosystem and pursue the maximization of the comprehensive benefit of forest from the point of view theory of ecology regulation and controls and idea of forest health. Overall control strategies were showed as follows:


[image: image27]
5.2 Control technologies of disaster 

5.2.1 Forest management: Stumping and rebuilding are one of the most economic and effective measures to control the damage of H. hippophaecolus, and we should dug out the root of seabuckthorn and deal with the larvae in the roots with some measurements in the woods of high population density and seabuckthorn died in a large-scales. The method not only can eliminate the larvae but also is of very good rebuilding effect for very strong sprouting ability of seabuckthorn.

5.2.2 Physical control: Black light trapping in the peak of H. hippophaeclus moth eclosion can reduce obviously population density for its very strong phototaxis. In addition, catching moth that just emerged artificially can decrease the number of adults in some degree, and reduce the probability of moths mating, and achieve the goal of controlling next generation larvae.

5.2.3 Chemical control: Seabuckthorn is a eco-economic plant with its leave and berry, so, its requirement is the same as fruit trees and crop ones on the side of low toxicity and no pollution of chemical control. The damage of H. hippophaeclus larvae can not be found easily, so the chemical control is very difficult. Therefore, controlling H. hippophaeclus by chemical is only one method of integrated management and can be adopted under the conditions permitted.

5.2.4 Biological control: Lissonota setosa should be utilized as natural enemy in the larvae period of H. hippophaeclus, and insect pathogenic wireworm should be utilized to control H. hippophaeclus. 
5.2.5 Sex pheromone: The use of sex pheromone provide a new approach for controlling H. hippophaeclus moth in a large-area, and is of better inspection and measure effect for occurrence of H. hippophaeclus population in fields.

5.2.6 Selecting and cultivating anti-insect and anti-drought seabuckthorn: There are two important orientations in the selection and cultivation of excellent-breed of seabuchthorn，first, satisfy barren region demand and regard anti-insect and anti-drought as main aim, second, satisfy good region demand and regard high-output and anti-insect as main aim.

Promoting function of seabuckthorn to increment of introduced foreign arbor trees in young growth period

Yan Xiaoling

(Xifeng Institute of Soil and Water Conservation, the Water Conservancy Commission of the Yellow River, Qingyang, Gansu 745000 China)
Abstract: For the behavior of introduced foreign arbor trees like Robinia pseudoacacia, Fraxinus velutina, Juglans nigra, mixed with Hippophae rhamnoides ssp sinensis, Lathyrus latifolius respectively, to form mixed types, the field test was carried out in the tableland and gully district of the Loess Plateau. The results showed that, the arbor trees of mixed types in young growth period have good increment including height, diameter compared with the pure stand, due to the nitrogen fixation from Hippophae rhamnoides ssp sinensis, Lathyrus latifolius, and the growth of seabuckthorn is higher in mixed stand than in pure stand itself. The suitable mixed types of arbor and shrub are useful both for the growth of arbor and shrub.
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The Loess Plateau is the most severe soil lost place in the world, where the climate is dry, ecosystem is fragility, soil configuration is loosen, sandstorm is frequency, rainfall is high intensity and vegetation is sparse. Soil and water lost make the Loess Plateau gullies and steep slopes appear everywhere, disasters such as coast, dilapidation gravity collapse happen occasionally
。This region is short of arbor tree types that is used to recover the ecosystem. The efficient measure to prevent and cure soil and water lost is to introduced foreign arbor trees and make growth experiments
. Since the year of 1998, the introduced foreign arbor Hippophae rhamnoides ssp sinensis is more adaptability and grows rapidly, and it has the predominance to improve the environment[
]. Compound experimentation was made on the arbor trees, and many rehabilitation pattern and economic and eco-benefit were discussed. These made the base for the rehabilitation of the Loess Plateau. 

1 The situation of examination

The examination area lies in the Qingyang, Gansu province on the tableland and gully district of the Loess Plateau, 35°44′N, 107°38′E，the altitude is1421.9m，the average precipitation is 561.5mm, and the precipitation between July and September occupied more than 60% of that of the entire annual. The annual evaporation is 1503.5mm； the annual average air temperature is, the extreme low air temperature is -22.6℃，the extreme high air temperature is 35.7℃，the average temperature of January is -5.6℃, the average temperature of  July is 20.9℃；average sunlight time is 2449h, the total radiation is 548.5kJ/cm3，≥10℃ accumulated temperature is 2700～3300℃；length of frost free period is 162d；the soil is HeiLu soil.

2 Material and method

2.1  Experimentation material

Hippophae rhamnoides ssp sinensis is the native arbor tree, from the Ziwu mountain forest area. Robinia pseudoacacia、Fraxinus velutina、Juglans nigra、Lathyrus latifolius are introduced from the middle west of America in 1998—2000
.

2.2 Experimentation design

Hippophae rhamnoides ssp sinensis is used as mixed arbor type and Lathyrus latifoliu as the mixture grass type, intercrop with Robinia pseudoacacia、Fraxinus velutina、Juglans nigra respectively. The 9 pattern is:

①Hippophae rhamnoides ssp sinensis(HRS)；
②Robinia pseudoacacia (RP)；

③Robinia pseudoacacia + Hippophae rhamnoides ssp sinensis (RP+HRS)；

④Robinia pseudoacacia +Lathyrus latifoliu (RP+LL)；

⑤Fraxinus velutina (FV)；

⑥Fraxinus velutina + Hippophae rhamnoides ssp sinensis  (FV+HRS)；

⑦Fraxinus velutina + Lathyrus latifolius (FV+LL)；

⑧Juglans nigra (JN)；

⑨Juglans nigra + Lathyrus latifolius (JN+LL).

The tall, diameter, crest breadth and biomass was measured after stop growth every year. And after the fourth growing season, sampled on every pattern snake on 0~20、20~40、40~60cm, measure the 7 nutrient of the mixed soil samples. 

3 Result and analysis

3.1 Behavior of introduced foreign arbor trees mixed with Hippophae rhamnoides ssp sinensis in the early year

The introduced foreign arbor tree like Hippophae rhamnoides ssp sinensis and Robinia pseudoacacia, Fraxinus velutina, Juglans nigra, growth in the nursery in the first year, and intercropped on the second year. The behavior of the 4 types is in the table 1.

Table 1  Hippophae rhamnoides ssp sinensis and the inter-cropped arbor types tree height

	Tree age(a)
	Plant name
	Growth pattern
	Tree height(cm)
	Multiple of tree height of mixed forest to pure forest

	1
	RP
	pure forest(seedling stage)
	185.8
	

	
	FV
	pure forest(seedling stage)
	52.3
	

	
	JN
	pure forest(seedling stage)
	36.0
	

	
	HRS
	pure forest(seeding stage)
	53.0
	

	2
	RP
	pure forest
	247.2
	1.00

	
	RP
	RP+HRS
	260.7
	1.08

	
	RP
	RP+LL
	240.8
	0.97

	
	HRS
	pure forest
	120.4
	1.00

	
	HRS
	RP+HRS
	137.0
	1.14

	
	FV
	pure forest
	73.7
	1.00

	
	FV
	FV+HRS
	91.3
	1.24

	
	FV
	FV+LL
	86.2
	1.18

	
	HRS
	FV+HRS
	119.2
	0.99

	
	JN
	pure forest
	36.00
	1.00

	
	JN
	JN+LL
	52.6
	1.46

	3
	RP
	pure forest
	298.2
	1.00

	
	HRS
	pure forest
	239.6
	1.00

	
	RP
	RP+HRS
	339.5
	1.14

	
	RP
	RP+LL
	311.4
	1.04

	
	HRS
	RP+HRS
	245.5
	1.03

	
	FV
	pure forest
	140.9
	1.00

	
	FV
	FV+HRS
	172.5
	1.22

	
	HRS
	FV+HRS
	238.4
	0.99

	
	FV
	V+LL
	142.2
	1.01

	
	JN
	pure forest
	65.80
	1.00

	
	JN
	JN+ LL
	136.4
	2.07

	4
	RP
	pure forest
	389.0
	1.00

	
	RP
	RP+HRS
	471.2
	1.21

	
	RP
	RP+LL
	478.5
	1.23

	
	HRS
	pure forest
	264.4
	1.00

	
	HRS
	RP+HRS
	283.5
	1.07

	
	FV
	pure forest
	194.5
	1.00

	
	FV
	FV+HRS
	225.7
	1.16

	
	FV
	FV+LL
	202.8
	1.04

	
	JN
	pure forest
	141.10
	1.00

	
	JN
	JN+LL
	200.80
	1.42


Robinia pseudoacacia grows the most rapidly in the first year of Hippophae rhamnoides ssp sinensis, Robinia pseudoacacia , Fraxinus velutina, and Juglans nigra. Hippophae rhamnoides ssp sinensis and Fraxinus velutina secondly, the height is 52~53cm, Juglans nigra growth the most slowly, it’s height is 36cm.

In the second year, the different inter-corpping pattern was adopted, Robinia pseudoacacia +Lathyrus latifoliu tree height is the lower，the pure forest 97%，the rest like inter-cropped with Hippophae rhamnoides ssp sinensis and Robinia pseudoacacia, Fraxinus velutina, the tree height higher than pure forest 8%, 24% respectively. When Hippophae rhamnoides ssp sinensis and Robinia pseudoacacia was missed, the height is higher than pure forest 14%, and the height when mixed with Fraxinus velutina is simily（99%）. Lathyrus latifolius was inter-cropped with Fraxinus velutina, Juglans nigra, the tree heigh is higher than pure forest 18%, 46% respectively. The effect is very marked. The effect of Hippophae rhamnoides ssp sinensis inter-cropping is better than Lathyrus latifolius.

On the third year, Hippophae rhamnoides ssp sinensis mixed with Robinia pseudoacacia, Fraxinus velutina, the tree height is higher than pure forest 14%, 22% respectively, Robinia pseudoacacia, Fraxinus velutina, Juglans nigra and Lathyrus latifolius mixed tree height is higher than pure forest by 4%, 1% and 107%. Hippophae rhamnoides ssp sinensis mixed effect is better than Lathyrus latifolius. Hippophae rhamnoides ssp sinensis, inter-cropped with Fraxinus velutina is better than mixed with Hippophae rhamnoides ssp sinensis, the former is higher than pure forest by 99%, Robinia pseudoacacia mixed with Hippophae rhamnoides ssp sinensis is higher than pure forest by 3%. The inter-cropping effects were showed, not only the main arbor height but also the shrub height was increased（Hippophae rhamnoides ssp sinensis）.

In the fourth year, the height of Hippophae rhamnoides ssp sinensis mixed with Robinia pseudoacacia, Fraxinus velutina, is higher than pure forest by 21% and 16%, Robinia pseudoacacia, Fraxinus velutina, Juglans nigra and Lathyrus latifolius mixed, the height is higher than pure forest by 23%, 4% and 42%. The mixed effect of  Hippophae rhamnoides ssp sinensis is better than Lathyrus latifolius.

The inter-cropping of plants, is help to its’ growth[
]. The arbor mixed with shrub and grass, it’s height is increased more rapidly than pure forest, and the mixed effect of Hippophae rhamnoides ssp sinensis is better than perennial bird’s foot.

From table1, diameter of  Hippophae rhamnoides ssp sinensis（or Lathyrus latifolius） mixed with arbor, is better than pure forest. In the third year, diameter of Robinia pseudoacacia mixed type is bigger than pure forest by 14%~23%, Fraxinus velutina  mixed type bigger than pure forest by 14%~17%, and Juglans nigra by 52%. In the fourth year, diameter of Robinia pseudoacacia mixed type is greater than pure forest by 7%~9%, Juglans nigra mixed type than pure forest by 23%. The conclusion show than the mixed type of arbor , shrub and grass is help to the arbor growth, and on the same time, Hippophae rhamnoides ssp sinensis grows better than before.
Table2 The diameter contrast of Hippophae rhamnoides ssp sinensis and inter-cropped arbor
	Tree age(a)
	Plant name
	Growth pattern
	Ground diameter
 (cm)
	Multiple of ground diameter of mixed forest to pure forest
	DBH(cm)
	Multiple of DBH of mixed forest to pure forest

	1
	RP
	seeding stage
	16.9
	
	
	

	
	FV
	seeding stage
	7.8
	
	
	

	
	JN
	seeding stage
	1.1
	
	
	

	
	HRS
	seeding stage
	7.0
	
	
	

	2
	RP
	pure forest
	
	
	14.6
	1.0

	
	RP
	RP+HRS
	
	
	16.8
	1.1

	
	HRS
	pure forest
	22.8
	1.0
	10.0
	1.0

	
	HRS
	RP+HRS
	23.4
	1.0
	11.5
	1.1

	
	FV
	pure forest
	9.3
	1.0
	
	1.0

	
	FV
	FV+HRS
	11.1
	1.2
	
	

	
	FV
	FV+LL
	10.0
	1.1
	
	

	
	HRS
	FV+HRS
	21.6
	1.0
	9.5
	1.0

	
	RP
	RP+LL
	
	
	14.0
	0.9

	
	JN
	pure forest
	11.0
	1.0
	
	

	
	JN
	JN+LL
	16.0
	1.5
	
	

	3
	RP
	pure forest
	
	
	22.2
	1.0

	
	RP
	RP+HRS
	
	
	25.3
	1.1

	
	HRS
	RP+HRS
	30.2
	1.0
	18.3
	1.1

	
	RP
	RP+LL
	
	
	2.7
	1.2

	
	HRS
	pure forest
	29. 8
	1.0
	17.3
	1.0

	
	FV
	FV+HRS
	20.7
	1.2
	
	

	
	HRS
	FV+HRS
	29.5
	1.0
	16.4
	1.0

	
	FV
	FV+LL
	20.2
	1.1
	
	

	
	FV
	pure forest
	17.7
	1.0
	
	

	4
	JN
	pure forest
	23.0
	1.0
	
	

	
	JN
	JN+LN
	35.0
	1.5
	
	

	
	RP
	pure forest
	
	
	44.0
	1.0

	
	RP
	RP+HRS
	
	
	47.0
	1.1

	
	RP
	RP+L
	
	
	4.8
	1.1

	
	HRS 
	pure forest
	31.3
	1.0
	20.3
	1.0

	
	HRS
	RP+HRS
	33.2
	1.1
	21.5
	1.1

	
	JN
	pure forest
	43.0
	1.0
	
	

	
	JN
	JN+LL
	53.0
	1.2
	
	


The mixed type of Hippophae rhamnoides ssp sinensis and arbor, not only speed the growth of  Robinia pseudoacacia, Fraxinus velutina, but also spur the growth of accompany arbor. And every year, Hippophae rhamnoides ssp sinensis has a certain biomass, such as the mixed type in the third year, it’s biomass is 6.93kg/hm2, and the burgeon is good feed. Brushwood would be acquired about the fifth year, and provide the energy sources for the country [
].
Table 3  Height contrast of mixed types of Hippophae rhamnoides ssp sinensis
	Plant name
	First year
	Second year
	Third year
	Mixed type

	
	height

(cm)
	biomass

(t/hm2)
	height

(cm)
	biomass

(t/hm2)
	height

(cm)
	biomass

(t/hm2)
	

	HRS
	137.00
	1.94
	239.60
	3.78
	283.50
	6.93
	Mixed with RP

	LL
	65.70
	3.40
	82.20
	5.60
	143.60
	7.80
	Mixed with RP

	LL
	49.00
	3.15
	140.00
	7.50
	139.00
	7.75
	Mixed with JN 


3.2 Hippophae rhamnoides ssp sinensis accelerate the growth of arbor

The arrange in groups mainly lie on the balance of interspecific compete, interspedific association and plan clan. The homogeneity or heterogeneity plant would compete with each other when their demand is greater than the provide from the environment, and the greater the density, the more violence the compete, the more similitude of eco-behaviour, leave behaviour and eco-extent, the violence the compete. The sameness arbor types would use the finity resource high strengthly and the drastic compete
. Arrange in groups of arbor and grass in reason, forming the entironment of other plant, and using plant to improve the environment is the main measure to improve the man made forestry quality. Mixed Hippophae rhamnoides ssp sinensis with Lathyrus latifolius and Robinia pseudoacacia, Juglans nigra, using the legume bacteria of Hippophae rhamnoides ssp sinensis and azotobacteria of Lathyrus latifolius to increase the soil nitrogen, improve the soil properties, make a better growth of arbor. Soil nutrient of different growth types in the third year in talbe4.

Table4  Soil nutrient contrast of different mixed types 

	Growth pattern
	Sample depth（cm）
	Organic mater（%）
	Total N（%）
	Total P（%）
	Total K（%）
	hydrolyze nitrogen（mg/kg）
	Available P（mg/kg）
	Available K（mg/kg）

	RP（pure forest）
	0~20
	1.53
	0.053
	0.09
	1.82
	25
	36
	170

	
	20~40
	0.90
	0.041
	0.07
	1.76
	10
	10
	120

	
	40~60
	0.84
	0.037
	0.07
	1.82
	6
	9
	130

	RP+HRS
	0~20
	1.62
	0.05
	0.09
	1.84
	25
	37
	200

	
	20~40
	0.93
	0.03
	0.07
	1.86
	10
	10
	125

	
	40~60
	0.94
	0.03
	0.07
	1.80
	6
	5
	120

	RP+LL
	0~20
	1.74
	0.07
	0.10
	1.84
	39
	71
	260

	
	20~40
	1.42
	0.05
	0.10
	1.90
	19
	50
	170

	
	40~60
	1.17
	0.05
	0.09
	1.84
	10
	41
	150

	FV
	0~20
	1.54
	0.06
	0.09
	1.96
	52
	40
	290

	
	20~40
	1.13
	0.05
	0.08
	1.94
	34
	49
	220

	
	40~40
	1.16
	0.05
	0.08
	1.95
	37
	12
	185

	FV+HRS
	0~20
	1.80
	0.07
	0.11
	1.98
	47
	41
	280

	
	20~40
	1.21
	0.06
	0.09
	1.88
	41
	16
	180

	
	40~60
	1.17
	0.05
	0.09
	1.94
	34
	10
	210

	JN（pure forest）
	0~20
	1.55
	0.06
	0.09
	1.78
	33
	63
	180

	
	20~40
	1.15
	0.04
	0.08
	1.86
	18
	23
	130

	
	40~60
	1.02
	0.05
	0.07
	1.85
	6
	7
	135

	JN+LL
	0~20
	1.77
	0.06
	0.09
	1.87
	46
	63
	245

	
	20~40
	1.15
	0.05
	0.08
	1.86
	26
	22
	150

	
	40~60
	1.21
	0.05
	0.09
	1.84
	27
	13
	160


The conclusion can be reached from the table4 after Robinia pseudoacacia, Juglans nigra and Fraxinus velutina inter-cropped, the 7 soil nutrient is increased than pure forest. In the Robinia pseudoacacia and Hippophae rhamnoides ssp sinensis mixed type, soil nutrient, except the phosphorus of 20~40, 40~60cm , the potassium of 40~60cm is lower than pure forest, the rest soil index is greater than Robinia pseudoacacia pure forest, Fraxinus velutina and Hippophae rhamnoides ssp sinensis mixed type. In the mixed type arbord, the soil hydrolyse nitrogen of 0~20cm, 20~40cm and 40~60cm, the soil hposphor and potassium is lower than Fraxinus velutina forest, the other index is greater than Fraxinus velutina.

There are many nodule in the root system of Hippophae rhamnoides ssp sinensis which can make nitrogen fixation direct from air. Hippophae rhamnoides ssp sinensis of 1hm2 can make nitrogen fixation 180kg every year, that is greater than the pea family plant much more. And Hippophae rhamnoides ssp sinensis branches and leaves is very think, the defoliate of Hippophae rhamnoides ssp sinensis of 4~5a is 5000多kg/hm2, it’s decompose can improve the soil fabric and soil fertility. The different quantity of recession of mixed types make the different soil nutrient, and the increase of soil nutrient and upper biomass is the reason why the mixed types grows better than pure forest. 

4 Conclusion

Hippophae rhamnoides ssp sinensis, Lathyrus latifolius and Robinia pseudoacacia, Fraxinus velutina, Juglans nigra inter-cropped respectively, the superiority was exhibited. The mixed forest is more higher than the pure forest. On the fourth year, the tree height of the mixed type is increased by 7%~42%，diameter is increased by 6%~52%, at the same time, in the mixed forest, the growth index of Hippophae rhamnoides ssp sinensis is increased than Hippophae rhamnoides ssp sinensis pure forest. The reason of the mixed superiority is that Hippophae rhamnoides ssp sinensis has root fungus,  Lathyrus latifolius has azotobacteria, and the soil nitrogen is increased, and the physicochemical property is improved, and the growth of arbor accelerated. The mixed types of arbor and bush, arbor and grass should be adopted in the rehabilitation project in West China. 
This study was carried out with the instruction by Dr. Hu Jianzhong of Beijing forestry university, the author would like to thank him very much.
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Abstract： The seabuckthorn as well as  Actinorhizal plant , is also a clonal plant，therefore, it is a plant of a kind of dual ecologica type. Pass the fixing nitrogen of the symbiosis body, Solved the conjunction and the operation of the host plant C- N circulation, the existence of the Frankia germ with reproduction, the reformation of the poor and unproductive soil reformation ,the complement of the Earth nitrogen circulation. pass the clonal growth, extended to breed, the occupancy of the ecological niche. pass the physiological integration and division of labor, come to a the resources share,

risk from the load, the information exchanges with complementation . A root system  department structure especially changes into the biological cistern, Alleviating the drought stress  the next adaptedness. Therefore, the seabuckthron is in the adverse circumstances, Because solving the fertilizer, water two that lack the life and the ecological factor ，but become the pioneer  plant. The ecological function of the pioneers , Performance at to extensive adaptability of the adverse circumstances, diversity, plasticity, the stress resistance   and easily live the quick growth etc.

Key words：Seabuckthorn（ Hippophae rhamnoides L，）；  Actinorhizal；Clonal plant； 
nitrogen fixation；root system；bioreservoir ；Ecological factor；stress resistance

See from the standpoint of the ecology, the seabuckthorn as well as Actinorhizal plant ［1］,is also a clonal plant［2］. We so call it as that the pioneer tree species：Its ability is in the destructive environment, such as the marsh, sandy beach, discard the mineral falsely, the volcano explosion is behind place,the hungriness dune, drought ， half dry ，loess plateau etc［3］, Can be the first settle down the plant, growth, reproduction , combine for the companion plant and progeny plant of existence do a contribution.

The seabuckthorn with a nitrogen fixation of the symbiont , The nitrogen conduct and actions  first crop-producing power and nourishments limit factor, carried out the life in the most important circulation: the C － N circulating organic link and operations, from the fixation  nitrogen, provide nitrogen, the deadwood shed leaves familiar turn the soil, change to living environment  comprehensive existence condition of the habitat ecotope.

The seabuckthron belongs to a clonal plant of root-suckering of root-derived.the root-suckering way carry on the asexuality breed, the genet and the ramet exist the resources share, risk spreaing , express a active type , persistent , across the spatiotemporal to expand, propagate  ability strong and to bad  the high endurance skill of the living environment.

 This text tries to pass the organic contact and analysis,explain basic reason that the seabuckthron pioneer tree species,from the new angle of view understanding seabuckthron .

1, The symbiont structure and function, to the function of the reformation poor and unproductive environment

The main source of the combining nitrogen on the earth is a fixation nitrogen of biology . Fixaing nitrogen of symbiosis( a legume bacterium and Frankia strains ), account for 60% of fixation nitrogen total amount of bilogy . It is thus clear that, fixation nitrogen of symbiont, to nitrogenous source on the earth, the land ecological system nitrogen circulates to rise to emphasize to want the function with the ecological  balance. The symbiont passes the fixation nitrogen of the Frankia strains, carrying out the plant photosynthetic carbon metabolism and  conjunction of  the nitrogen metabolism, starting the chemistry process of the life, lay the material and energy foundations for the growth and development  of the plant. The seabuckthorn makes the soil nourishment with main reason of significant increment of amount of nitrogen, is pass fibros root continuously renewal, death, the putrefied of old nodules, life nodules  Nourishment secrete, deciduous leal rot edc the result that synthesize.

Because the fixation nitrogen of the Frankia strain, solved the oneself to need 70-90% of the amount of nitrogen, therefore, don't depend on the soil to provide the nitrogen can exist ［5,6］. 9-10 red Alnus of ages, can provide the valid nitrogen  plain 80-200 kg N2/ ha/ y toward soil annually, but together ages the Abies of the non-nodules, providing the 7-22 kg N2/ ha/ y only，the former is the latter 10 multiple［7 ］. The Casuarinaceae equisetifolia L of the Thailand tropical sand dune, can provide the total nitrogen to measure toward sandy soil 65-95% nitrogen ［8 ］. At have never growth the soil of Actinorhizal plant, inoculate the advantage Frankia strain, and transplant the seedling of the Alnus nodules,4 after month, the nitrogen content increased 78% of in the soil［9 ］. Another important function of the fixation  nitrogen of symbiont, is to raised the plant to water keep and  use coefficient ［10 ］.

At mixed forest  ,7 ages seabuckthron，the average nodules  of year measures for the 378 kg/ha/y,the average fixation nitrogen of year measures for the 54 kg N2/ha/y,equal  to used the 119 kg/ha/y urea. The seabuckthron the year all sheds leaves to measure for the 2088 kg/ ha/ y, the leaf contains the amount of nitrogen(1.68-2.33%) far and high in mixed forest the Canada Poplar (0.57-1.43%) and the willow(0.75-1.50%) . And, a C/ N of leaf is low, be advantageous to quickly putrefied, increased the dissolubility nutrient. Therefore, mixed forest  the organic mattter of soil , the whole nitrogen quantity of soil，and  availability nitrogens  high in the pure wood  37-42%,20.3-22.1% and 40-42%. At the same time, make the main wood  leaf's productivity with amount of nitrogen increment 24%, the chlorophyll content increment 40%, tree high increment 18-19.4%, the breast diameter increment 27.1-28.9%, single plant volume measure  increment 67.0-95.2%, raised the productivity of  woodland unit area inside［11］
The experiment express that only put the symbiont of the Actinorhizal plant- Frankia , the ability contain strong ecological adaptability and the stress resistance. With the soil substrte  electric potential  for index sign of dry(-0.016 Mpas) and damp(-0.001 Mpas), and with inoculate( the advantage strains ) and don't inoculate( the native strains ), study the European Alnus seedling   growth and nodulation with the fixation  nitrogen ability. See of 4 month after, dry and damp don't affect nodulation of root system. But a nodules of the Alnus  that inoculate inside, vesicle  the  integrity but vitalities high, don't inoculate of, the vesicle  abnormal deformity and  the quantity to reduce. Enunciation, only constitute the symbiont, the ability has the drought resistance ability, inoculating the advantage strains to the drought resistance is higher［12］. The poison that Actinorhizal plant to have the  resistance aluminum harms the function, its reason is an aluminum and can combine with the Frankia strains surface protein, but reduced to the plant toxicity［13］. The symbiont has higher resistance to the cobalt of the surfeit.

Actinorhizal plant can reform to be farmland by the pollution of Nickel, its reason is an histidine of  sour in the fixation nitrogen, can lower the poison of the Nickel  to harm  function［14］. The establishment of the symbiosis relation, also evocation to pathogen  biggest resistence. The Casuarinaceae equisetifolia- Frankia  symbiont, after salt( NaCl) stress (500 mgs/ L)6 weeks, young seedling  still the ability normal growth and the nodulation, but the control young seedling that check against, after NaCl salt stress (300 mgs/ L),Caulis and fresh roots were heavy to all reduce obviously.The reason of the anti- salt, was a Frankia germ to strengthen the salt ability of reserve ［15］.

Actinorhizal plant, Frankia strains, all have diversity of the heredity and the ecological association. Use the RAPD method, grew the cluster to carry on to 12 seabuckthorn population  allelic gene frequency discovers of autocorrelation after analytical, the  non- sequence similarity amounts to 59.6% ［16 ］.The Framkia strains even has huge diversity. Exactly combine of diversity of both , just established to the existence the extensive adaptability and the stress resistance of the environment.

The host gene, come to a decision an occurrence of root nodules, formation and morphochoresis. But the physiology function of the host, then adapted the Frankia strains to host infection  , the symbiotic system of regulate, protect the  nitrogenase activity, provide the fixation nitrogen energy, the fixation nitrogen is behind transport with the nitrification thing, symbiosis environment of maintenance etc function. But the genotype of the Frankia strains, come to a decision to identify with particular host symbiosis, compatible, and the fixation  nitrogen ability and vitalities of the symbiont. Exist the environment, provide the symbiont  exertive to the environment adaptability, diversity, the stress resistance  and the potential of the ecological functions. Therefore, Frankia strains  with the perfect combination of the actinorhizal plant symbiosis, just showed to put huge ecosystem performance of theactinorhizal plant.

1.2, The clonal growth multi-function to the adaptedness of the adverse circumstanceses

The seabuckthron is in the in the field it mainly the extension population  by clonal root-suckering. But it also sexual reproductive phase. So, at seabkcuthron grove in the in the field, genet, ramet, clonal fragment,斑块 exist population  diversity  of  heredities.

The seabucktron  is a photophilous , the place of the root bucking It is all a full space of the light resources. Therefore, the seabuckthron  foraging behavior, performance for have the selectivity to the resources. because root-suckering phyad, the resources differences and comprehensive function of the foraging behavior，the seabuckthron is in the ecosystem environment of distribute  architecture, appeared to guerilla- type and  phalanx- types. The former genet and ramet are more long-lost, the latter the plant and plant are more intensive, at two type exist to transition the type. This is the nature, basic reason of the seabuckthron  various configuration.

The genet and ramet of the seabuckthorn, although their  upper part is an independent individual, the underground department is mutually a conjunction . more important plant  and of the plant ,exist the physiology function( material, information, hormone...etc.) up of mutually, call that the  the physiological integration［17 ］. This kind of integration is subjected to the ramet duration of life , the ramet generation time, the duration of  life  of a physiology of plant conjunction decide. but at the resources unbalance, environment stress, the upper lyer  vegetation to be overshadow, the remat forest land of resources to lack, the old plant senescence etc. is under circumstance, plant can take place the nourishment and water to transfer. This enunciation, a relation that exist" resources share", namely source -sink of regulate automatically. It is a adaptation  of orientation that distributes  to the resources  plaque， 

to the performance that environment stress ,thus raised under the adverse circumstances of existence ability. In time of the serious living environment stress  , physiological integration is break, there will be the death of the remat. This phenomenon, also explain the physiological integration, the resources share, is conditioned. When to sacrifice the life, expressing another characteristics of" risk spreading " then, namely those weak plant dies of first.［18,19 ］ 

The clonal remet not only have the physiological integration, risk spreading, and, but also have the division of labour in the clonal. Connect of the ramet , can obtain the resources of the oneself want for from the other party availably, carry on exchange with complementation. Pass of reciprocal , mutualistic benefit of resources exchange, the material and informations collude with, further carrying out to stable orientation of the stress  circumstances.

1.3, A root system build-up  of the seabuckthron   with the special function

The symbiont function of the seabuckthron , the clonal configuration, the clonal behavior and habit, all have relation with root system. A root system of the seabuckthron , since is not a taprootsystem  also is not fibrous root system , but the plane root but for main that superficial lamella root system . this is to be hereditary by it, a typing characteristic of a mutually consistent   of ecological type. At the in the field, have the main root with the genet seedling of the seed germination  formation, but decline mostly in laterly of grow up. With the ramet  of root suckering formation, they only have the secondary root, but most for  plane root shallow root( distribute in the soil deeply the 5-20 cm scope). The root  thick in the 0.5-5 cm, can the elongation 10 cm , in laterly of grow, the  plane root is more flourishing.

A root system of the seabuckthron can is divided into 4 parts to constitute:

1, the plane root, mainly is to  by the bulky Ⅰ , the Ⅱ class seacondary root system constitute, its function is the physiological  integration and saves the rain water and root suckering and symbiosises to nodulation ; 2, the plane root, a diameter is or so in the 1 mm,short for cluster gather ，the quantity is huge, renewing the very quick Ⅲ , and  Ⅳ class  fibrous root of seacondary; 3, growth at the Ⅰ , the Ⅱ class secondary root up of root suckering; 4, symbiosis at the Ⅰ , the Ⅱ class secondary root up of nodules.

Be showed from this, from the structure and functions up, seabuckthron root system hve a differentiation of obviously.

See from the ecological function, Ⅰ , the Ⅱ class  70-80% for secondary root, root layer distributes the shallow main reason, is in order to find out the light resources quickly, accept the rain water,and be advantageous to root suckering. The vascular cambium of seabuckthron secondary roots  is belong to stratified cambium mode［20］,  its characteristics is a cell to arrange tidy but fold the layer,the cell division direction run parallel with new cell wall and the organ surfaces,as a result increased the cell layer number,make adventitial cell organization thicken . So, adventitial cell layer of the seabuckthron  root count much, can amount to 20-40 more layel. Grow from the different trees, such as seabucktrin  and the black locust（Robinia pseudoacacia L）etc.,root of xylem area/ cross section area compare, the seabuckthron is 1/11.25, Babylon weeping willow （Salix babylonica）is 1/4.81, European white elm（Ulmus laevis） is 1/3.14, the Black Locust is 1/2.45; It is thus clear that, the root periderm  of the seabuckthron  is very flourishing, but the pipe is smaller and weak, its structure is dissimilarity from general ligneous plant , they took place to especially turn［21］. 
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Fig 1 periderm layer laminate cell  of the seabuckthron root  ×6000    

 Fig 2    periderm layer cytoplasm annular zone of theseabuckthron root  ×6000    

Author from transmission electron miroscope the slice to see deeply, adventitial layer cell of the root is a fold type ( figure 1,), the swelling after absorb water, laminate in after losing the water. The cell cytoplasm were squeeze by the central and big vacuolus the cytoplasmic annular zone, distributing between the central vacuolus and the cell wall( figure 2). 
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Fig 3 mitochondrial of  periderm layer cytoplasm annular zone of theseabuckthron root ×30000  

Fig 4 phagocytic vacuole and constitutive vacuole  of cytoplasm of theseabuckthron root ×18000
The cell nucleus disappear, in the organelle   cytoplasm, mitochondrial and vacuome to  the lift only, is mitochondrial particularly in annular zone the quantity is most( figure 3). At the same time, still see the surroundings of the cell wall have phagocytic vacuole and constitutive vacuole（exocytosis）in great quantities.( figure 4). Enunciation, the periderm parenchymatous cell of the roots  has the very high vitality. Its special structure and function, can generalize for: The central vacuolus is a place of aquiferous  reservoir tissue,the mitochondrial of cytoplasm annular zone are the motive stations that the aquiferous  reservoir release water tissue, the vacuolus ，phagocytic vacuole，and cytolemma receptor  of annular zone ,to arrive the nutrient and water to absorb and  information of release deliver the function. So inference, organization structure of these especially the the seabuckthron root system   So inference, these especially  organization structure of the seabuckthron root system ， use up of in the water , they rose to absorb water, reservoir water, regulate and  obtund slowly release , have the physiological  of the rhythmic  water supply to an upper part of plant from automatic regulation control the system. The further research of author see, a saturation weight  absorb water  behind of the seabuckthron root system for dry weaght of 1.98 ploidy, but the collation Canada Poplar root that  against only have 0.34 ploidy, the former is  big in the latter 5.70 ploidy. This absorb water, reservoir water，obtund slowly release  the function, guaranteeing the water supply of theroot buckering , and the need water of fixation nitrogen of root system ,Also raised at dry region, two rainfall, the seabuckthron to physiological supply that of transpiration loses water, Increased to the atmosphere,soil holdout ability of dry .

1.4 Conclusion

In fine, the seabuckthron conduct and actions actinorhizal plant fixation nitrogen of symbiosis, resolved to lack the fertilizer problem. Be the clonal plant, its physiological  integration, raised to the adaptation ability of the stress  tolerance.adventitial cell of root system especially changes into the biological  cistern, alleviating the drought stress to the demanding antinomy of water. Therefore, in desert and stress, the seabucktion  so performance for the excellent pioneer  tree species basic reason , be it is a plant of dual ecological type , since solved to lack fertilizerfatty, also alleviated the water shortage of dual antinomy .
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Introduction

Sea buckthorn products are increasing in a rapid speed recently around the world, which leads to a huge demand for the supply of material. It needs a sustainable production system to maintain stable production to meet the market demand.

Sea buckthorn industry needs reliable and stable supply of raw material for there product development. Material collected from natural habitat will not be able to meet the industrial requirement due to uncontrollable environmental conditions. Therefore, there is an urgent need to develop effective approaches to produce the best products from farm and build up consumers confident.

Cultivar development and evaluation 

Sea buckthorn industry needs new and improved cultivars with ideal chemical components and contents to improve their products.

It is not possible to make any valid recommendations about performance and suitability of any cultivars until properly designed cultivar evaluations are completed. Collected cultivars or new breeding lines should be planted under same environment before judgment can be made.

Orchard plantation

A sea buckthorn orchard will remain productive for 15 to 20 years. Because of the long term nature of these orchards and the biology of sea buckthorn (ie. Requirement for male and female plants), proper design and planning is important. Design considerations include row orientation and spacing, arrangement of male and female plants. Proper planting methods will ensure the plants are well established.

Site selection

A commercial sea buckthorn orchard should remain productive for many years, therefore careful site selection is important. Site considerations include climate, soil, protection and water source.

Climate – Sea buckthorn is a hardy plant well adapted to the rigorous climatic conditions found in many regions of the world. The main climatic limitations are extremes of heat, drought or flooding, hail storms and high winds.

Soil requirements – Sea buckthorn is adapted to a wide variety of soils, but prefers light to medium loam that is well drained. Sea buckthorn will not grow on wetlands or soils subjects to long periods of flooding. It has moderate tolerance to saline soils; however, its growth and fruit yield will be reduced.

Land preparation – The time spent in preparing the site properly is time well spent. The objective of site preparation is to eradicate weeds, prepare a planting bed and eliminate internal soil drainage problems. Previous farming practices of cropping history may have effects on growth of sea buckthorn. Problems may include residual levels of herbicides, weed infestations or compacted soils.

Drainage and soil moisture – Sea buckthorn can tolerate a little drought, but is is a moisture sensitive plant especially in the spring when plants are flowering and young fruits are beginning to develop. Unless irrigation is available, sea buckthorn planting should be restricted to areas receiving greater than 200 mm of growing season precipitation. Sea buckthorn does not like ‘wet feet’, therefore, good soil drainage is important for its plantation.

GAP – Apply ‘good agriculture practice’ to attract business and improve customer’s confidence.  

Orchard management

Orchard management refers to the procedures and technology required to produce fruit in an orchard. It includes soil fertility, irrigation and pest control. It also includes weed control and pruning.
Soil fertility 

Soil testing – Results from a soil analysis are the most accurate guide to fertilizer and lime requirements. It is important to determine soil fertility and pH levels before planting so that necessary lime and fertilizer can be applied to the soil.

Soil pH adjustment - Sea buckthorn can tolerate a wide range of soil pH. Soil acidity and alkalinity, except at extreme levels, are not limiting factors, however the most favorable range is pH 5.5-7.5.

Fertilizer recommendations - The exact nutrient levels required for sea buckthorn have not been established. However, sea buckthorn, just like any other crops, requires adequate soil nutrients for a high yield of good quality fruit. Sea buckthorn is capable of fixing nitrogen with its roots; however, some slow released nitrogen applied just after planting is beneficial. It also responds well to phosphorus fertilizer.

Irrigation

Sea buckthorn is well adapted to withstand drought. However, during establishment and for maximum fruit production, irrigation is beneficial. Irrigating during the first two years following planting will significantly improve establishment especially in dry regions or during drought. Irrigation is also beneficial during bud formation and fruit development.

Diseases, Insects, and other pests

At present, sea buckthorn has relatively few diseases. There have been several confirmed diseases including verticillium wilt, bacterial leaf spot, leaf blight, and fusarium wilt. Insect infestations in sea buckthorn include aphids, leaf roller, gypsy moth, gall tick, scale, thrips, and two-spotted mites. Other pests damaging sea buckthorn are deer, rodents, livestock, pocket gophers, and birds.

Weed control

Weed control is necessary for both survival and growth, especially with newly planted sea buckthorn. Lack of adequate weed control causes more seedling or young plants mortality than any other single cause. Weed control is important until the sea buckthorn trees are large enough to shade out the weeds.


Pruning

The purpose of pruning sea buckthorn is to train branches, promote growth and facilitate harvesting. Moderate pruning will increase the yield and fruiting life of the plants. The crown should be pruned annually to remove overlapping branches, and long branches should be cut to encourage development of lateral shoots.


Harvesting and post-harvest handling 

The proper timing of harvest and handling of fruit is of high importance in the management of a sea buckthorn orchard. Value of the crop is directly related to how the fruit is harvested and prepared for storage prior to processing. 

STUDIES ON POST HARVEST MANAGEMENT AND VALUE ADDITION IN SEABUCKTHORN (Hippopheae rhamnoides L.)
Sanjai K Dwivedi and Z Ahmed
Division of Horticulture and Post Harvest Technology,

Field Research Laboratory, Leh – 194 101, India

Email: sanjaifrldrdo@rediffmail.com
ABSTRACT

      Seabuckthorn (Hippopheae rhamnoides L.) is one of the most important under exploited fruit crops of the high altitude cold arid zones which has immense industrial importance because of its medicinal, cosmetic and nutraceutical value.  The small sized fruits are highly perishable and cannot be consumed fresh due to their highly acidic taste.  It therefore, becomes imperative to develop processing procedures in order to ensure its scientific utilization for developing food products. Studies were initiated at Field Research Laboratory, Leh, India, during the year 1996 regarding fruit quality parameters, pulp extraction and storage studies.  Value addition techniques for preparation of various products were standardised. 

 Seabuckthorn is a non -climacteric fruit which ripen uniformly over a very short period.  Fruit maturity can be judged on the basis of fruit colour, total soluble solids, acidity and days after full bloom.  Sink-float method for judging maturity indices has not proved to be an authentic method. Average fruit weight of ripe fruits varied from 126.33 mg to135.0 mg , content of juice from 61.42 to 72.07 per cent, pH of fresh juice from 1.49 to 5.7, total soluble solids from 12.33 to 20.75 per cent and acidity from 3.40 to 4.01 per cent. Method for pulp extraction and storage were studied. It has been observed that pulp recovery varies from 61.42 to 72.07 per cent depending upon the method used for extraction and stage of fruit maturity. Pulp extraction by mechanical means using a stainless steel pulper having 1/32 mesh has been found to be the best method.  Extracted pulp is can be utilized for industrial applications for a period of 14 months if it is stored in food grade containers using chemical preservatives. Seabuckthorn squash having 25% pulp, 48 - 50OBrix TSS and 1% acidity and nectar having 20% pulp, 15 OBrix TSS and 0.3 %  acidity have been standardised.  Seabuckthorn jam was prepared in combination with fruits like apple, mango, etc.  Seabuckthorn pickle has been very successful at the cottage industry level.  It is prepared from semi ripe fruits and preserved in vinegar or edible oils.  Production procedures for products viz., blended juice, sauce, chayavanprash have also been standardised where maximum nutritive value is retained despite storage and processing.   Production technology for seabuckthorn beverage has been commercialised and this has given a boost to the socio - economic status of the local farmers besides opening avenues for utilization of this hitherto unutilized fruit.         

INTRODUCTION


Seabuckthorn ( Hippophae rhmnoides), has been found growing wild in such adverse climate of the region where temperatures touch a low of -30ºC during peak winters and annual precipitation is only 9 cm.  This plant is, perhaps, the most commonly used plant for the purpose of fuel, fodder, fence, medicine and fruit by the local population. Seabuckthorn fruits are rich in flavonoids, polyphenols, vitamin C, vitamin E, other antioxidants, unsaturated fatty acids etc (Eidelant, 2003). The vitamin content of seabuckthorn is much higher than any other fruit or vegetable.  Because of the high content of vitamin C, seabuckthorn fruit is ideal for human food.. The juice is a good source of several amino acids and minerals. The pulp and the seed of seabuckthorn contain high quality oil, which is considered to be a carrier of many concentrated bioactive substances.Seabuckthorn products based on fruit pulp or juice are rich in vitamin C, provitamin A and other vitamins, especially of the B group and phytochemicals and are therefore considered to have therapeutic and chemopreventive activities. Seabuckthorn juice is known to block the endogenous formation of nitroso compounds more effectively than ascorbic acid and thereby prevents tumour production. The small sized fruits are highly perishable and cannot be consumed fresh due to their highly acidic taste (Dwivedi et al.,2004,b).  It therefore, becomes imperative to develop post harvest management and processing procedures in order to ensure its scientific harvesting and utilization.

MATERIALS AND METHODS

The study was carried by Field Research Laboratory (DRDO) Leh, Ladakh, located at an altitude of 11500 ft above MSLThe samples were collected based on distinct morphological and other features of plants, leaves and fruits.. The fruit length, width were measured by digital vernier calipers while fruit weight was recorded using digital top pan balance. The volume was calculated by using water replacement method. The Total soluble solids of the fruit juice were recorded by ERMA make refractometer while pH of juice was recorded with the help of digital pH meter. The other parameters like acidity, Sugar and Vitamin ‘C’ content of the fruit juice were estimated as per the methods suggested by Ranganna(1998).The standard statistical procedures were followed for calculation(Panse & Sukhature(1986).The above data of various years were pooled and analyzed and have been presented Table 1-3.

RESULTS AND DISCUSSION

Fruits of seabuckthorn are rich in various nutrients and also possess medicinal property. However, they are very perishable in nature and cannot be stored for more than 2-3 days. Thus, it is necessary to develop some procedures for proper utilization of the fruits.  Post harvest management practices (Dwivedi et al.,2002) and process for preparation of various products from seabuckthorn has been developed (Anon,2003) by Field Research Laboratory, Leh. These products maintain the natural colour, flavour, taste and maximum quantity of vitamins and other mineral nutrients of seabuckthorn. The brief findings are discussed below- 

 A) MATURITY INDICES-

There are no standard maturity indices developed for seabuckthorn. However, the fruit seems to be non-climacteric in nature. The fruit maturity is generally judged on the basis of colour of the fruit. The ripe fruit becomes soft and juicy. Colour of the mature fruit may vary from pale yellow –yellow-yellow orange-orange-deep orange-red orange etc. Seed coat becomes very hard and brown and TSS may reach 12 or more. It has also been observed that ripe fruit sinks in water while immature fruit may float.  However, this method for judging maturity indices has not proved to be an authentic method. In Ladakh, fruits of seabuckthorn generally start ripening by mid August. A difference of 15-20 days in fruit ripening has been observed in different parts depending on the altitude of the locality, under Ladakh conditions. The plant remains laden with ripe fruits even upto February and they dry up on the branch itself. However, it is advisable to complete the process of harvesting by end October, so that extraction of juice is over before onset of severe winter. 

B) HARVESTING PRACTICES AND YIELD-

The harvesting of seabuckthorn fruits is the most important and difficult operation in processing because of the small size and stickiness of soft fruits and thorny nature of the bush. The harvesting of seabuckthorn has been found very easy and effective early in the morning, before sunrise, because fruit develops turgidity after sunrise. It has been observed that a plant growing in natural condition may yield from 0.6-2.0 kg of ripe fruit per plant. 

Two methods have been found effective in harvesting of seabuckthorn under Ladakh conditions since individual picking of fruit is not possible due to small size of fruit and thorny nature of the plant. In one method, the branches of seabuckthorn are beaten with a stick and fruits are collected on the ground. One person can harvest 2 kg of ripe fruits per hour by adopting this method. In the second method, fruits are harvested after breaking off the branches from the mother plant and one can harvest 3.0 kg of fruits per hour by this method. But in this case plant is severely damaged and hence this method is not recommended. 

C) POST HARVEST TECHNOLOGY

One kg of ripe seabuckthorn fruit may contain 7407-7913 numbers of fruit. A pulper can extract 61.42-72.07 per cent of juice from ripe fruits. The seed content in ripe fruit generally varied from 7.46-8.31 per cent. The pH of fresh juice has been found ranging from 1.49-1.57, total soluble solids from 12.33-20.75 per cent and acidity from 3.40-4.01 per cent.

Value added products

Squash: 

The recipe containing 25 per cent pulp with 50 per cent TSS and 1.0 per cent acidity, without adding any colouring and flavouring agent, showed highest organoleptic score and acceptability and was considered to be ideal for preparation of seabuckthorn squash. The stability of the beverage during storage was found upto 12 months at ambient temperature under Ladakh conditions. The observations recorded at various posts in Siachen glacier  (12,000 to 21,000 ft above MSL) highlight that seabuckthorn squash does not freeze even upto minus (-) 22oC and remained in liquid form,  thus it could be consumed without heating.(Dwivedi et al.,2004 a)

Nectar: 

Process for preparation of seabuckthorn nectar has also been standardized. The procedure is similar to that of squash preparation.  Nectar contains only 20 per cent seabuckthorn juice and 15 per cent total soluble solids besides about 0.3 per cent acidity. This beverage has all the nutritional and other properties of seabuckthorn squash.

Jam: 

Delicious jam has also been prepared using seabuckthorn pulp. The jam is a rich source of vitamin A, B1, B2, K, E and other mineral nutrients but it does not contain sufficient natural quantity of vitamin C since the product is made by boiling the pulp. Seabuckthorn jam is prepared by using seabuckthorn pulp, a base material, sugar and water in the ratio of 4:4:8:1.

Sauce: 

For preparation of seabuckthorn sauce a suitable base material is essential so that it can contain a minimum of 30 per cent total soluble solids. The product is prepared by maceration of spices, herbs and fruit pulp by boiling them in vinegar and cooking for a long period to get a smooth consistency. Appropriate quantity of sugar and salt are also added to develop its taste. The product is finally sieved to remove the seeds, stalks etc. 

Pickle: 

Ripe seabuckthorn fruits are ideal for making pickle. The clean harvested fruits should be completely immersed in edible oil. The pickle is preserved in salt which improves the taste and flavour and also helps in preserving nutrients and preventing spoilage. The pickle should contain 15 per cent of salt.  Spices like red chili powder, cinnamon, cumin, cardamom (large), black pepper powder and headless clove are also added to improve the taste and flavour of the product.

CONCLUSION

        Seabuckthorn, a neglected plant of the cold arid regions, is a goldmine with an untapped potential.  Maiden efforts towards preparation of products from seabuckthorn have suitably highlighted its immense potential commercially.  It is important to note that if suitable preparation techniques are employed, most of the nutritive and medicinal qualities of the plant are retained.  The need of the hour is to establish commercial orchards on scientific methods and harvest its economic potential by developing various food products/by products for developing seabuckthorn based industry. 

Table 1: composition of Seabuckthorn fruit collected from different locations of Ladakh.

	S.No.
	Number of fruits/ kg
	Juice

(%)
	Seed

(%)
	pH of Juice
	Juice TSS

(%)
	Acidity (%)

	1.
	7807
	71.4
	8.25
	1.49
	13.66
	3.40

	2.
	7463
	69.3
	7.90
	1.49
	14.0
	3.61

	3.
	7913
	66.0
	8.31
	1.57
	20.75
	4.01

	4.
	7613
	61.42
	8.18
	1.55
	12.33
	3.97

	5.
	7407
	72.07
	7.46
	1.49
	12.75
	3.85
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Table 2: Evaluation of different recipes of seabuckthorn squash

	Recipe No.
	Pulp (%)
	TSS
	Acidity (%)
	Score
	Rating

	1.
	25
	40
	1.2
	5.8
	Not acceptable

	2.
	25
	45
	1.1
	6.7
	Slightly acceptable

	3.
	25
	50
	1.0
	8.4
	Very much acceptable

	4.
	25
	55
	1.0
	7.8
	Moderate acceptable

	5.
	27
	40
	1.1
	6.9
	Slightly acceptable

	6.
	27
	45
	1.1
	6.3
	Not acceptable

	7.
	27
	50
	1.0
	6.1
	Not acceptable

	8.
	27
	55
	1.0
	6.5
	Not acceptable


Table 3: Changes in Chemical constituents of seabuckthorn squash during storage.

	Storage period (months)
	TSS 

(oB)
	Acidity

 (%)
	Ascorbic acid (mg/100g)
	Browning (OD)
	Organoleptic quality

overall

	0
	50.0
	1.0
	38.0
	0.0
	8.5

	2
	50.0
	1.0
	27.0
	0.0
	8.3

	4
	50.0
	1.0
	25.5
	0.0
	8.2

	6
	51.5
	1.1
	23.5
	0.02
	8.0

	8
	52.0
	1.20
	21.0
	0.02
	7.8

	10
	53.0
	1.25
	29.5
	0.04
	7.5

	12
	53.5
	1.25
	28.0
	0.06
	7.0

	14
	54.0
	1.35
	26.0
	0.09
	6.5

	16
	55.5
	1.45
	23.5
	0.10
	6.1


Score 7.0 and above acceptable
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Flavonol glycosides of berries of three major sea huckthorn subspecies, Hippophaë rhamnoides ssp. rhamnoides, ssp. sinensis and ssp. mongolica
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Flavonol glycosides of sea buckthorn (Hippophaë rhamnoides L.) berries were separated by RP-HPLC-DAD analysis and identified by reference compounds. Glycoside fractions were hydrolyzed by (-glycosidase and the aglycones identified, again, by HPLC and reference compounds.  All the three subspecies investigated (ssp. mongolica, ssp. rhamnoides, ssp. sinensis) contained the same major flavonoid glycoside species, the lowest total contents existing regularly in the mongolica berries. The major aglycon was isorhamnetin followed by quercetin with minor amounts of kaempferol. The flavonol glycosides, such as flavonol 3-O-rutinosides, 3-O-glucosides and 3-O-sophoroside-7-rhamnosides were determined to distinguish between the three subspecies.

Key words: Flavonol glycosides, Hippophaë rhamnoides, isorhamnetin, kaempherol, quercetin, sea bucktorn

Introduction

Flavonols and flavons protect plants against UV and visible light and damages caused by bursts of free radicals (Takahama, 1983). The compounds also have anti-viral and anti-microbial potential (Parr and Bolwell, 2000). Quercetin seems to be the most common flavonol in the plant kingdom, being abundant in tee, apples, onion, broccoli and many other vegetables. In some cases also red wine may have high contents of flavonols, even up to 50 mg/l (Frankel et al., 1995). 

Statistically, quercetin and, in some extent, also kaempferol were shown to reduce the risk of dying in iscemic heart disease (Hertog et al., 1995; Knekt et al., 2002).  There are also evident indications of beneficial effects of flavonols on cancer, especially on lung cancer (Stefani et al., 1999; Knekt et al., 2002).  

Materials and methods

Berries

Wild berries of sea buckthorn, Hippophaë rhamnoides ssp. rhamnoides were picked on Raippaluoto island at west-coast of Finland, ssp. sinensis in Wenshui county in Shanxi province in China, and cultivated berries of ssp. mongolica in Novosibirsk in Russia. The berries were frozen within a day.

Reagents and reference compounds

(-glucosidase was purchased from Novozyme. The reference compounds isorhmnetin, quercetin, kaempferol, isorhamnetin 3-O-rutinoside, isorhamnetin 3-O-glucoside, quercetin 3-O-rutinoside and quercetin 3-O-glucoside were from Extrasynthése (Genay, France) and the internal standard floridzin from Sigma-Aldrich (Steinheim, Germany). Isorhamnetin 3-O-ß-D-sophoroside-7-O-(-rhamnoside verified by NMR-analysis (Rösch et al., 2003) was donated by Kroh and Rösch at the Technical University of Berlin.

Extraction of flavonol glycosides

Methanol and acetic acid (99.8 %) were added in ratio 14:1 on thawed berry samples (20 g) to reach the total volume of 60 ml. After homogenizing for two minutes the mixture was filtered and the filtrate was collected. The residue was re-extracted twice with 50 ml of methanol:water:acetic acid (70:30:5) by homogenizing for one minute and filtered. After evaporation the residue was dissolved in 25 ml methanol and a volume of 10 ml of the methanol solution was spiked with 2 ml of the internal standard, floridzine solution (1.00 mg/ml). The solution was evaporated to dryness and dissolved in water (10 ml). 

Purification of flavonol glycosides

The extract was purified in one-gram polyamide cartridge activated with methanol (20 ml) and water (60 ml). After removal of the polar compounds by water, the flavonol glycoside fraction was collected with 40 ml of methanol. The fraction was evaporated to dryness, dissolved in methanol, filtrated and stored at – 20 oC. Each berry sample was extracted and purified in duplicates and analyzed twice with HPLC-DAD.  
HPLC-DAD analysis of flavonol glycosides

The HPLC instrument consisted of Shimadzu SIL-10A auto injector, sample cooler, two CTO-10A pumps, CTO-10A column oven, SPD-M10AVP diode array detector and SCL 10AVP central unit (Shimadzu Ltd, Kyoto, Japan). A Phenomex Prodigy ODS 5( (3) column (250 x 4.60 mm, particle size 5 (m) was applied. The effluent consisted of a mixture of water – tetrahydrofuran (THF) – trifluoroacetic acid (TFA) (98:2:0.1) (solvent A) and acetonitril (solvent B). The gradient profile used in glycoside analysis is presented in Table 1. Flow rate of the effluent was 1 ml/min, the detector wavelengths 270 nm and 370 nm and the volume of injection 10 (l. Identification was based on co-injections of reference compounds and comparisons of absorption spectra. 

Table 1. Gradients used in HPLC-DAD analysis

	Glycoside gradient
	
	Aglycone gradient

	T / min
	% B
	
	T / min
	% B

	0-2
	15
	
	0-2
	10

	2-14
	15-25
	
	2-25
	10-30

	14-19
	25
	
	25-35
	30-50

	19-24
	25-60
	
	35-40
	50-90

	24-28
	60
	
	40-45
	90

	28-30
	60-90
	
	45-50
	90-10

	30-35
	90
	
	50-60
	10

	35-40
	90-15
	
	
	

	40-50
	15
	
	
	


Fractionation of flavonol glycosides and enzymatic hydrolysis

The five major glycoside peaks of the HPLC-DAD analysis were isolated and re-analyzed with the same method to verify the purity of the fractions. The glycosidic fractions were evaporated to dryness under dry N2 stream and the residues dissolved in 1 ml of 0.1 M acetate buffer (pH 4.6). A volume of 10 (l of (-glucosidase solution was added (activity 640 nkat/ml) and the sample was incubated for 5 h at 45 o C. The sample hydrolyzed was evaporated to dryness under dry N2 and the aglycones of the residue dissolved in 1 ml of methanol and filtered.
Analysis of flavonol aglycones

The aglycones were analyzed by HPLC as defined above, but by using the aglycone gradient (Table 1.)

Results and discussion

Figure 1 shows a chromatogram of flavonoid glycosides of sea buckthorn ssp. rhamnoides berries. The five major glycosides numbered from 1 to 5, which were taken into account in the HPLC analyses, did separate well from other peaks. Identification of the compounds was based on retention times, co-injection with the reference compounds, DAD-spectra of the glycosides, and HPLC analysis of the aglycones isolated from the fractionated and enzyme hydrolyzed glycosides. The DAD-spectra of the flavonol glycosides together with the aglycone analysis indicated the reasonable purity of all the the five glycoside peaks taken into account. 

The compounds numbered in Figure 1 as peaks 1 to 5 were identified as isorhamnetin 3-sophoroside-7-rhamnoside, quercetin 3-O-rutinoside, quercetin 3-O-glucoside, isorhamnetin 3-O-rutinoside and isorhamnetin 3-O-glucoside, respectively. Trace amounts of kaempferol glycosides may have been hidden behind the isorhamnetin 3-O-glucoside and isorhamnetin 3-O-rutinoside peaks. 
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Figure 1. HPLC-DAD chromatogram of flavonol glycosides of sea buckthhorn ssp. rhamnoides berries. 1 = isorhamnetin 3-sophoroside-7-rhamnoside, 2 = quercetin 3-O-rutinoside, 3 = quercetin 3-O-glucoside, 4 = isorhamnetin 3-O-rutinoside, 5 = isorhamnetin 3-O-glucoside and 6 = phloridzin (internal standard)

In order to verify the purity of the aglycon moieties of the five glycoside peaks, each peak was isolated by the analytical HPLC column. A thorough investigation with ssp. rhamnoides was carried out. Each fraction collected was re-analyzed with the normal procedure to control that the collection had been successful. After enzymatic hydrolysis, the aglycones were analyzed by HPLC. The glycoside peaks 1, 4 and 5 yielded isorhamnetin, 100 %, 100 % and > 95 %, respectively, and the glycoside peaks 2 and 3 quercetin, > 98 % and > 95 %, respectively, as expected. 

Floridzine was used as internal standard in quantitative analysis of the glycosides. Correction factors for the glycosides in HPLC analysis were 1.0 for isorhamnetin 3-O-rutinoside, 0.70 for isorhamnetin 3-O-glucoside, 0.90 for quercetin 3-O-rutinoside and 0.72 for quercetin 3-O-glucoside  In case of isorhamnetin 3-sophoroside-7-rhamnoside, correction factor 1 was applied due to the lack of the isolated glycoside for the correction factor determination. 

Contents of the flavonol glycosides in different subspecies are summarized in Table 2.  In the subspecies rhamnoides and sinensis the five compounds were always the most abundant flavonol glycosides. In the berries of ssp. mongolica isorhamnetin 3-sophoroside-7-rhamnoside existed in trace amounts only, and some other glycosides not investigated in this study were found in more abundance. The proportions of unknown flavonol glycosides seen in Figure 1. could not be defined due to the HPLC-DAD analysis without known response factors.

Table 2. Content of flavonol glycosides in sea buckthorn berries in mg / kg  and % of total flavonols (in parentheses).

	Compound
	rhamnoides
	sinensis
	mongolica

	I-3-sophoroside-

7-rhamnoside


	252 ( 22

(31,6 ± 1,9)


	84,4 ± 6,1

(11,1 ± 0,6)


	17,3 ± 3,3

(4,9± 0,7)



	I-3-rutinoside


	47,2 ( 3,0

(5,9± 0,2)


	55,6 ± 3,0

(7,3 ± 0,6)


	33,6 ± 5,7

(9,4 ± 1,1)



	I-3-glucoside


	30,2 ( 2,1

(3,8 ± 0,2)


	44,5 ± 3,0

(5,9 ± 0,3)


	36,9 ± 5,8

(10,3± 0,8)



	Q-3-rutinoside


	69,7 ± 5,5

(8,7 ± 0,5)


	63,9 ± 2,8

(8,4 ± 0,7)


	23,3 ± 2,9

(6,6 ± 0,9)



	Q-3-glucoside


	121 ( 8,0

(15,1 ± 0,7)


	167 ± 6,1

(22,0 ± 2,2)


	50,1 ± 7,0

(14,1 ± 2,1)



	total
	799 ± 30
	763 ± 81
	362 ( 85


The ssp. rhamnoides berries always containes high amounts of isorhamnetin 3-sophoroside-7-rhamnoside regardless of the origing and time of harvesting (unpublished results). 

As early as sixty years ago Biehlig showed the existence of isorhamnetin in sea buckthorn berries (Biehlig, 1944), and in 1963 Friedrich reported isorhamnetin-3-glucoside and isorhamnetin-3-rutinoside as typical components of the fruit (Friedrich, 1963). It is of common knowledge that in addition to isorhamnetin and quercetin glycosides also kaempferol and myricetin  glycosides exist in sea buckthorn berries (Hoerhammer et al., 1966; Rösch et al, 2003). One of the most reliable investigations is that of Rösch et al. (2003) where proper NMR-data are presented and e.g. the structure of a major compound isorhamnetin 3-sophoroside-7-rhamnoside is verified. According to our knowledge, a comparison between flavonol glycosides of the three, commercially most important sea buckthorn subspecies, ssp. rhamnoides, ssp. mongolica and ssp. sinensis has not been published earlier.
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Supercritical CO2 extracted sea buckthorn pulp oil and seed oil improve microcirculation
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Abstract

The effects of supercritical CO2-extracted sea buckthorn seed oil (SBSO) and pulp oil (SBPO) on microcirculation were investigated using two independent experimental models. In the mouse auricular microcirculation model, topical application of SBSO and SBPO on mouse ear, once or twice per day, for three days increased the count of capillary net intersections by 17-41 % and venular calibers by 11-25 % on auricular area. Application of SBPO twice per day for three days increased the arteriolar calibers by 55 %. In the rat mesenteric microcirculation model, a ten-minute immersion of mesenteries in 1-2 % SBPO or SBSO in the Locke solution increased the count of mesenteric capillary net intersections by 22-41% and venular calibers by 11-25 %. Immersion in 2 % SBPO resulted in an increase of 25 % in the mesenteric arteriolar calibers. These effects of sea buckthorn oils were found to be statistically significant by comparisons carried out between the corresponding values before and after treatment as well as between sea buckthorn oil-treated groups and the negative control groups, i.e. the group treated with distilled water in mice auricular microcirculation model and the group treated with 100 % Locke solution in mesenteric microcirculation model. The effects of sea buckthorn oils were dose responsive in both models. The results suggest that supercritical CO2-extracted sea buckthorn seed and pulp oils have great potential in improving microcirculation.

Keywords: Supercritical CO2 extraction, Sea buckthorn seed oil, Sea buckthorn pulp oil, 

                    Microcirculation, Hippophaë rhamnoides 

Introduction 

The health effects of oils from seeds, berries, and fruit pulp/peel of sea buckthorn (Hippophaë rhamnoides) have been extensively documented. The oils are known to be beneficial to the health of heart, cardio- and cerebrovascular system, skin, mucous membranes (1). However, the mechanisms behind most of these beneficial effects are yet to be investigated.

Microcirculation refers to the blood circulation of the smallest blood vessels (diameter < 100 (m) of the body. Due to its crucial function in the exchange of substances, gases and liquids between tissues and blood, microcirculation plays a vital role in the physiology of the whole body. 

The aim of the present study was to investigate the possible effects of supercritical CO2 extracted sea buckthorn seed and pulp oils on microcirculation. The results may not only provide new scientific explanation of the known effects of sea buckthorn oil but also help to introduce new areas of application for the valuable oils.

Materials and Methods

Animals and Ethical Permission

Healthy SD rats (both male and female, body weight 230 ± 20 g) and ICR mice (both male and female, body weight 20 ± 2 g) were provided by the Experimental Animal Center of Xi’an Jiao Tong University. The study was approved by the Ethical/Administration Committee of Experimental Animals, Xi’an Jiao Tong University and was carried out in 1999.

Chemicals and Test Materials

Sea buckthorn seed oil (SBSO) was extracted from seeds and pulp oil (SBPO) from dried fruit flesh/peel by supercritical CO2. 

Anisodamine hydrochloride injection was produced by Shanghai First Pharmaceutical Factory (Batch no. 990702), turpentine oil by Xi’an Chemical Reagent Factory (Batch no. 970903), and pentobarbital sodium by Guangzhou South Chemical Glass Company. 

Instrumentation

JCD2-A reading microscope (Hangzhou Opticla Instrument Factory, China)

Optical microscope (Chongqing Optical Instrument Factory, China)

Ocular micrometer (Shanghai Fine Instrument Factory, China)

Auricular Microcirculation of Mice (3)

Sixty ICR mice were randomly divided into six groups. After anesthetization with intraperitoneal injection of 0.4 % pentobarbital sodium solution (40 mg/kg), the mice were flattened on an optical microscope platform with auricle surface extended and fixed on the surface of the platform. The auricle surface was treated with paraffin before the capillary net intersection with surrounding blood vessels within an area of 1 mm2 was counted and the arteriolar and venular calibers were measured.  

Then the mice were topically treated on the auricle for three days: negative control group with distilled water, once per day; SBSO low-dose group with 50 % SBSO emulsion once per day; SBSO high-dose group with 50 % SBSO emulsion twice per day; SBPO low-dose group with 50 % SBPO emulsion once per day; SBPO high-dose group with SBPO emulsion twice per day; positive control group with turpentine oil once per day. 

Twenty minutes after the last treatment, the capillary net intersection within the same area was counted and the arteriolar and venular calibers were measured again. Difference before and after treatment was calculated and compared among the groups. 

Mesenteric Microcirculation of Rats (4)

Sixty SD rats were randomly divided into six groups. After anaesthetization with intraperitoneal injection of 1.5 % pentobarbital sodium solution (40 mg/kg), the rats were fixed on their back on a table. A segment of the jejunum was pulled out from opened stomach; the mesentery was extended and fixed in a transparent perfusion sink so that mesentery covers the sink. The sink was then perfused with 10 ml Locke solution (37 °C). Capillary intersection with surrounding blood vessels within an area of 1 mm2 was counted and arteriolar and venular calibers were measured. This was followed by addition of 0.1 ml distilled water to the sink of the negative control group, 0.1 ml of 50 % SBSO to the SBSO low-dose group, 0.2 ml of 50 % SBSO to the SBSO high-dose group, 0.1 ml of 50 % SBPO to the SBPO low-dose group, 0.2 ml of 50 % SBPO to the SBPO high-dose group, and 0.2 ml of 1 % anisodamine in the positive control group. Ten min later, the capillary intersection with surrounding blood vessels within the same area was counted and arteriolar and venular calibers were measured again. Difference before and after treatment was calculated and compared among the groups. 

Results and Discussion

As shown in Table 1. Treatment with SBPO or SBSO once per day (low-dose) and twice per day (high-dose) for three days significantly increased the count of capillary intersection and the venular calibers of the selected area of auricles of mice compared to the negative control (distilled warter). The arteriolar calibers were increased by application of SBPO twice per day for three days.

Table 1. Effects of sea buckthorn seed oil and pulp oil on auricular microcirculation of mice

	Groups
	                  Difference Before and After Treatment

	
	CCIa (no./mm2)
	VCb (mm)
	ACc (mm)

	
	       Mean ± SD
	      Mean ± SD
	      Mean ± SD

	Negative Control
	0.1 ± 0.3
	0.008 ± 0.014
	0.005 ± 0.014

	SBPO High Dose
	2.0 ± 0.9**
	0.033 ± 0.023**
	0.020 ± 0.018*

	SBPO Low Dose
	1.3 ± 0.7**
	0.031 ± 0.010**
	0.008 ± 0.007

	SBSO High Dose
	1.6 ± 0.7**
	0.026 ± 0.015*
	0.015 ± 0.010

	SBSO Low Dose
	0.8 ± 0.4**
	0.025 ± 0.019*
	0.012 ± 0.011

	Turpentine Oil
	2.6 ± 0.7**
	0.055 ± 0.031**
	0.023 ± 0.013**


a Count of Capillary Intersection, b Diameter of Venular Caliber, c Diameter of Arteriolar Caliber. * P < 0.05, ** P < 0.01, compared with negative control group. 

In the study of mesenteric microcirculation of rat, immersion of the mesentery in Locke Solution containing 1 % or 2 % SBSO and SBPO increased the count of capillary intersection and the venular calibers. The arteriolar calibers were increased only by immersion in solutions containing higher a level of (0.2 %) of SBPO (Table 2). 

Disorder in microcirculation has been shown to be a key issue in a wide range of health problems including inflammation, cardiovascular disease and diabetes. Impeded microcirculation is also an important factor in skin problems such as couperosa and cellulite. Oxidation stress is often the major cause of damage to the microcirculation system. Antioxidants such as vitamin C and vitamin E have been shown to improve microcirculation (5).  

Sea Buckthorn seed oil and pulp oil are rich in natural tocopherols, tocotrienols, and carotenoids, which synergistically protect the cellular components from oxidation damage (2,6). In the present study, sea buckthorn pulp oil showed better effect in increasing the diameter arteriolar caliber. This might have been due to a stronger antioxidant activity resulting from the higher level of carotenoids in the pulp oil compared to the seed oil.   

Table 2.  Effects of sea buckthorn seed oil and pulp oil on mesenteric microcirculation of rats

	Groups
	                  Difference Before and After Treatment

	
	CCIa (no./mm2)
	VCb (mm)
	ACc (mm)

	
	       Mean ± SD
	      Mean ± SD
	      Mean ± SD

	Negative Control
	0.2 ± 0.4
	0.007 ± 0.012
	0.009 ± 0.015

	SBPO High Dose
	2.0 ± 0.7**
	0.099 ± 0.046**
	0.039 ± 0.029*

	SBPO Low Dose
	1.4 ± 0.7**
	0.042 ± 0.025**
	0.019 ± 0.014

	SBSO High Dose
	1.7 ± 0.5**
	0.075 ± 0.067*
	0.022 ± 0.025

	SBSO Low Dose
	1.1 ± 0.6**
	0.072 ± 0.065*
	0.018 ± 0.011

	Turpentine Oil
	2.9 ± 0.6**
	0.273 ± 0.121**
	0.154 ± 0.090**


a Count of Capillary Intersection, b Diameter of Venular Caliber, c Diameter of Arteriolar Caliber. * P < 0.05, ** P < 0.01, compared with negative control group. 
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ABSTRACT

The chemical studies were conducted on the dynamics of tocopherols and carotenoids in fruit pulp oils of Hippophae rhamnoides ssp. turkestanica, a selection from Lahaul (semi-arid region) and another selection of Hippophae rhamnoides ssp. turkestanica from Spiti (arid region) and H. salicifolia, a selection from Lahaul, all raised at the CSK Himachal Pradesh Agricultural University’s Regional Research Station at Kukumseri (2730 m asl) in Lahaul valley, a dry temperate region of Himachal Himalayas. Fruit samples were collected for analysis during first week and third week of September and first week of October 2003, at an interval of 15 days. Fruits of both forms of H. rhamnoides were reddish-orange, whereas, it was yellow in H. salicifolia. Total tocopherols ranged from a maximum of 3063 ppm in Spiti form during first week of September, followed by 2786 ppm in Lahaul form during third week of September and a minimum of 1919 ppm in H. salicifolia during first week of September. In general, tocopherol content decreased with maturation of fruits. α-tocopherol was the most dominant followed by α-tocol. Carotenoids were found to be maximum in Spiti form of H. rhamnoides (6207 ppm), followed by Lahaul form (4398 ppm) and least in H. salicifolia (1186 ppm). The carotenoid content was at peak during third week of September in both forms of H. rhamnoides, where as it decreased with maturation of fruits in H. salicifolia.

Key words: Seabuckthorn forms, pulp oil, tocopherols carotenoid and dry temperate Himalayas.

Introduction

Seabuckthorn, a nitrogen fixing deciduous thorny plant of 2-4 m height, grows widely in dry temeperate Himalayas, comprising upper regions of Himachal Pradesh, Uttranchal, Ladakh and Sikkim and Arunachal Pradesh in north-east India (Singh, 2003). Since ancient times, seabuckthorn has been traditionally used in traditional medicines in Himalayan countries. Indian scientists discovered as early as 1962, the anti-tumor effect of seabuckthorn bark (Ambaye et al., 1962), however, real credit to start the work on the modern medicines of seabuckthorn goes to Russian scientists during 1950s (Gurevich, 1956). The oil and juice, commercially produced from its fruits and extracts from leaves, are used in Russian traditional and official medicines for the wound healing, antibacterial, as anti-ulcer and anti-inflammatory (antiphlogistic) agent and as the multivitamin product (Eidel’nant 1998). In the official medicine of Russia, the plant extracts are commonly used as the components of various medicinal, compositions in dermatology, stomatology, ophthalmology, veterinary and cosmetology etc. A chemical composition and biological action of active principles from different organs of seabuckthorn have been reviewed in a number of monographs (Eidel’nant, 1998; Matafonov, 1983). In China, positive effects of seabuckthorn oil on heart diseases have also been reported  (Li and Wang, 1994). Seabuckthorn fruit oil has also been found to possess curative effect on atopic dermatitis (Yang et al., 2000). Seabuckthorn oil also has wound healing effects (Varshney et al., 2003).

Studies carried out on biochemical characteristics revealed that fruit, leaves and other parts of seabuckthorn are very rich sources of variety of anti‑oxidants like carotenoids, tocopherols, flavonoids and other bioactive substances (Yang and Kallio, 2002; Lu Rongsen, 2003) with medicinal properties, therefore it has a strong anti-oxidant and immunomodulatory properties (Geetha et al., 2002) etc., which make this plant a very promising raw material for the preparation of products for heath protection and treatment of various diseases. Present paper describes the carotenoids and tocopherols in pulp (soft part) oils of fruits of three selected forms of the seabuckthorn. 

Materials and Methods

Propagation materials of seabuckthorn of desirable forms were selected from Madhgaon, a low altitude place in semi-arid region of Lahaul, Shego, a high altitude place in arid region of Spiti, both forms of H. rhamnoides ssp. turkestanica, and a form of H. salicifolia, selected from Tinu village of Lahaul. Their seedlings were raised in 1995 at regional research center of our university at Kukumseri (2730 m asl) in Lahaul valley, a semi-arid region of district Lahaul-Spiti, a dry temperate zone of Himachal Himalayas (Table 1). All the three selected forms were mainly characterized by high yield of fruits Fruit samples were collected thrice, i.e. on 5th September (I collection), 20th September (II collection) and 5th October 2003 (III collection) and analyzed for carotenoids and tocopherols in the fruit pulp oils of all the three forms.

Estimation of oil content in fruit pulp (soft part) of seabuckthorn was done following AOAC (1994). Tocopherols and tocotrienols in pulp oil of seabuckthorn berries extracted by Christie’s method were analyzed in a Shimadzu make HPLC binary system (LC-10A) equipped with amino column and UV-visible scanner at 297 nm with a solvent system, hexane:isopropane. Conditions were standardized using authentic standards. Absorption at 460 nm of properly diluted pulp oil was measured and the amount of carotenoids were calculated by plotting calibration curve with authentic standard of β-carotene and expressed in terms of β-carotene. Each analysis was conducted in triplicate.

Results and Discussion

Recent studies have found strong association between prevention of diseases like cancer and cardiovascular and intake of fruit and vegetables, rich in anti‑oxidants like E and carotenoids (Halliwell, 1997). The biological properties of seabuckthorn fruit oil is believed to be governed by the presence of variety of carotenoids and tocopherols (Lapic et al., 1983; Shvenik et al., 1983).

Table 1. Characteristics of  9 yr. old selected forms of seabuckthorn growing at 

Kukumseri (2730 m asl)

	Parameters
	Lahaul form 
	Spiti form 
	H. salicifolia 

	Source
	Madhgaon
	Shego
	Tinu 

	Altitude (m asl)
	2625
	3760
	3150

	Climate
	Semi-arid
	Arid
	Semi-arid

	Rainfall (mm/yr)
	450
	50
	150

	Fruit weight (g/100)
	13.5
	18.2
	30.0

	Fruit colour
	Reddish orange
	Reddish orange
	Yellow


Carotenoids

Carotenoids, a fat-soluble group of naturally occurring plant pigments, are a sub-classification of the terpenes.  Diets rich in carotenoids are linked with a decreased risk of heart diseases, cancer, and degenerative eye diseases like macular degeneration and cataracts (Functional Foods and Nutraceuticals, 2003).  Out of 600 carotenoids known in the nature, 39 have been identified in seabuckthorn fruits. α-carotene, β-carotene, and cryptoxanthin are the main vitamin A precursors. β-carotene intake is associated with reduced risk of breast, stomach, esophageal, and pancreatic cancers (Nishino et al., 2000).  Carotenoids are the major source of vitamin A. Nutrient deficiency of vitamin A in humans causes the growth disturbances, poor eye sight, reduced disease tolerance, besides affecting the mucus membrane of gastrointestinal tract (Berezovski, 1973, Gotke and Wolf, 1990; Savinov, 1948). Carotenoids raise physical and physiological capacity of organism to work in stress conditions (Bogdanov et al., 1986). β-carotene has been used for preparing the drug capsule for curing bed shores (Qingping et al., 1999). The ability of carotenoids, β-carotene and cantaxanthin to act as anti-cancerogenic, anti-mutagenic and anti-swelling substances gave an opportunity of using them for safeguarding from some kinds of skin cancers (Kartangi et al., 1984; Mashkovski, 1997; Sergeev 1998). Oily substances of carotenoids (seabuckthorn, dog-rose and etc.) have proven to be effective remedies against burn, frostbites, ulcers, skin cancers and various gynecological illnesses (Akulinin 1958; Chugaeva et al., 1964; Gatin 1963; Goodvin 1980; Mashkovski 1997; Rahimv et al., 1983).

In our study, maximum carotenoids was estimated in fruit pulp oil of Spiti form of  H. rhamnoides (6207 ppm) followed by Lahaul form of  H. rhamnoides (4398 ppm) during II collection a minimum of 1186 ppm in H. salicifolia. Content of carotenoids was at peak during II collection in both forms of H. rhamnoides, whereas it decreased with maturation of fruits in H. salicifolia (Fig.1). 

Red and orange-reddish fruits of H. rhamnoides were more rich in carotenoids than yellow fruits of H. salicifolia in the present study. Other studies have also found red and orange-red fruits richer in carotenoids as compared with the less intensely coloured fruits like yellow and orange-yellow (Lian et al., 2000). Contents of carotenoids were found to increase with maturation and then decreased in over ripe fruits of H. rhamnoides. However, carotenoids in present study,  decreased in H. salicifolia. In other studies, carotenoid content has been found increasing with the maturation of fruit (Zhang et al., 1989). Soft part (pulp) oil of ssp. sinensis growing in Shanxi province of China had a maximum carotenoid level of 21400 ppm  (Wei and Guo, 1996) and a minimum value of 21 ppm in north Caucasus (Shaftan et al., 1986). Generally carotenoid level is maximum in peel oil followed by fruit pulp oil and seed oil. Our study found 4398-6207 ppm carotenoids in pulp oil of H. rhamnoides ssp. turkestanica, which has carotenoids in higher sides as compared to above studies, however it is in lower side in H. salicfolia (1186).

Tocopherols
Vitamin E is an important dietary antioxidant and includes all tocols and tocotrienol derivatives. Their most important antioxidant function appears to be the inhibition of lipid peroxidation, scavenging lipid peroxyl radicals to yield lipid hydroperoxides and a tocopheroxyl radical. The tocopheroxyl radical might be either reduced by ascorbate and GSH or further oxidized to the respective quinone. Vitamin E deficiency in man causes defects in development of nervous system in children and hemolysis (Sokol, 1996). Low intakes of vitamin E and other anti‑oxidants results into certain types of cancer and atherosclerosis (Gey et al., 1991; Knekt, 1993; Rimm et al., 1993). It has been suggested that supplementation with these anti‑oxidants may decrease the risk of these and other degenerative processes (Blot et al., 1993).
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   Fig.1. Carotenoid accumulation in pulp oil  during fruit ripening of 3 forms of seabuckthorn growing at Kukumseri (2730 m asl.).
 
Vitamin E was found maximum during I collection in the pulp oil of H. rhamnoides from Spiti (3063 ppm), which decreased to 2237 ppm during II collection and a minimum of 1968 ppm during III collection. In Lahaul form, it increased from 2675 ppm during I collection and peaked to 2786 ppm during II collection and declined to 2553 ppm during III collection. Vitamin E was minimum in H. salicifolia and it decreased from a maximum of 1919 ppm during I collection to a minimum of 1290 ppm during III collection. Therefore, vitamin E is considerably higher in H. rhamnoides forms than H. salicifolia and in general decreased with maturation of fruits and (Table 2). 

Table 2. Dynamics (ppm) of tocopherol profile in the fruit pulp oils of H. rhamnoides and

H. salicifolia forms

	Sample form
	αT1
	αT3
	βT1
	βT3
	γT1
	γT3+δT1
	δT3
	Total

	Lahaul I
	1283 
	518
	64
	
	
	744
	66
	2675

	Lahaul II
	1727 
	361
	45
	
	234
	419
	3
	2786

	Lahaul III
	1206 
	584
	32
	
	176
	545
	10
	2553

	Spiti I
	1301 
	628
	71
	613
	
	284
	166
	3063

	Spiti II
	1467 
	332
	20
	123
	153
	137
	5
	2237

	Spiti III
	951 
	427
	55
	
	157
	349
	29
	1968

	H. salicifolia I
	875 
	98
	10
	
	
	685
	30
	1919

	H. salicifolia II
	776 
	212
	35
	
	
	252
	17
	1292

	H. salicifolia III
	221 
	279
	
	
	128
	649
	13
	1290

	CD (P>0.05)
	
	371


T1= Tocopherol, T3= Tocotrienol, I= Collection of fruits on 5th September, II=20th September, III=5th October, 2003. Lahaul (semi-arid) and Spiti (arid) forms, both belong to H. rhamnoides ssp. turkestanica.



In China, the highest vitamin E content in pulp oil has been reported by Lu Rongsen (1993) in H. rhamnoides subsp. sinensis (2480 ppm). We estimated a maximum of 3063 ppm vitamin E in pulp oil of Spiti form of H. rhamnoides ssp. turkestanica growing under arid conditions. Kallio et al. (2002) estimated in the soft part oil, the total value of tocopherols and tocotrienols was typically 4000-7000 ppm in subsp. sinensis, significantly higher than the corresponding values in the mongolica  and rhamnoides (1000-2000 ppm), all raised under Finland conditions. Among the tocopherols, in our study, α-tocopherol is the dominant one, followed by α-tocotrienol. Content of α-tocopherol is at peak during II collection in all the three forms. It makes 47.2-65% of the total tocopherols in Lahaul form, 42.5-65.5% in Spiti form and 17.1-60.1% in H. salicifolia.

Other components present are β-tocopherol, γ-tocopherol, β-tocotrienol, and δ- tocotrienol. β-tocotrienol has been found in H. rhamnoides from Spiti. α-tocopherol was maximum during II collection and a minimum during III collection in both forms of H. rhamnoides, being maximum of 1727 ppm in Lahaul form (II collection), followed by 1467 ppm in Spiti form (II). α-tocopherol was minimum in H. salicifolia and it decreased from 875 ppm during I collection to 221 during III collection. β-tocopherol was at peak during first collection in both forms of H. rhamnoides, whereas it was during II collection in H. salicifolia. α-tocotrienol increased in general with maturation of fruits. However, δ- tocotrienol decreased with maturation of fruits (Table 2).




 One study found that a-tocopherol constitutes up to 96% of the total tocopherols in fruit pulp oil (Jablczynska et al., 1994), being clearly the major isomer. In seed, g-tocopherol (up to 40% of total tocopherols) is another dominating isomer, in addition to a-tocopherol (Lian et al., 2000; Yang and Kallio, 2002; Kallio et al., 2002).  Dillard et al. (1983) estimated that among tocopherols, α‑tocopherol is the most bioactive (30%), whereas the β‑tocopherol has 25‑50% bioactivity and γ‑tocopherol has 10‑35%. Pulp oil part has generally been richer in α‑tocopherol than the seeds (Yang et al., 2001).

CONCLUSION

Red and orange-reddish fruits of H. rhamnoides were more rich in carotenoids and vitamin E than yellow fruits of H. salicifolia in the present study. Maximum carotenoids was estimated in fruit pulp oil of Spiti form (6207 ppm), followed by Lahaul form (4398 ppm) during II collection (20th September 2003), a minimum of 1186 ppm in H. salicifolia. Content of carotenoids was at peak during II collection in both forms of H. rhamnoides, whereas it decreased with maturation of fruits in H. salicifolia. Vitamin E was found at peak in Spiti form (3063 ppm) and H. salicifolia (1919 ppm) during I collection (5th September). In Lahaul form, it peaked during II collection (2786 ppm). In general vitamin E content decreased with maturation of fruits. a-tocopherol was a major constituent, followed by a-tocotrienol.
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Summary:


The present study was designed to evaluate the therapeutic efficacy of seabuckthorn (Hippophae rhamnoides) seed oil in the healing of aseptic full thickness cutaneous wounds in calves and compared with antiseptic ointment (5% povidone-iodine), a commercially available herbal ointment (Dermanol, Indian Herbs Research and Supply Company Ltd., Saharanpur, India) and a bland ointment base (liquid paraffin). The study was conducted on 12 male calves divided into 4 equal groups. In each animal, six full thickness equidimentional cutaneous wounds, 3 on either side of vertebral column at dorsal thoracolumbar region were created under local analgesia. The wounds were dressed with liquid paraffin, 5% povidone-iodine ointment, seabuckthorn (SBT) seed oil and Dermanol in group I, II, III and IV respectively till 28 days. The efficacy of different treatments was monitored on the basis of different clinical and haematological parameters at 0, 3, 7, 10, 14, 21, and 28 days. The cardiac and respiration rates, rectal temperature and various haematological parameters remained within normal physiological limit in all groups during the study. Clinically the SBT and Dermanol treated wounds remained relatively drier and exhibited less pronounced inflammatory reactions during early stage of wound healing. The percent wound contraction was greater in Dermanol and SBT treated groups at different intervals till 28 days. The wounds of these groups also exhibited early formation of firm scab and its earlier shedding. However, in between Dermanol and SBT treated groups, the overall wound healing was comparatively slightly better in Dermanol treated wounds. 
Key words: seabuckthorn, wound healing, bovine, dermanol
Introduction: Seabuckthorn (Hippophae rhamnoides) is a small hardy deciduous shrub that grows naturally in cold hilly regions of many countries including India. It is a reputed medicinal plant and its fruit pulp and seed oil have been shown to possess diverse medicinal values including wound healing (Singh, 2001). Of late its oil and ointment has been subjected to various clinical studies to evaluate its effects on the healing of various kinds of wound in animals and it has been proved to be a better wound dressing agent than a routinely used antiseptic ointments “Povidone-iodine” (Mahajan et al. 2002; Gupta et al 2002). The present study was undertaken to evaluate and compare the efficacy of seabuckthorn oil and another herbal antiseptic ointment “Dermanol” with “povidone-iodine” in the healing of full thickness aseptic excisional cutaneous wounds in calves.

Materials and methods: The present study was conducted on 12 healthy male calves of 6-12 months of age and weighing between 80-100 kg. All the animals were maintained under standard managemental conditions. The animals were randomly divided into 4 treatment groups. A 6’’ x 18’’ wide area on dorsal thoracolumbar region, either side of vertebral column was prepared routinely as for aseptic surgical procedure in all the animals. Six equidimentional area measuring 3cmx 3cm, three on the either side of vertebral column and 3cm apart from each other were marked with 5% lugol’s iodine stick. Local analgesia of these marked areas was achieved with subcutaneous injection of 2% lignocaine hydrochloride (Xylocaine, Astra IDL). Full thickness cutaneous wounds of the marked measurements were surgically created under strict asepsis. Wounds were immediately dressed with liquid paraffin in group I, with 5 % Povidone Iodine ointment in group II, seabuckthorn oil in group III and Dermanol ointment in group IV animals. The gauze dressings were secured with millipore tape over individual wounds and a secondary protective sterile drape covering a large thoracolumbar area was affixed to animal’s body with bandages to minimize contamination at the wounds site. Wound dressings were changed daily for first 7 days and on alternate days thereafter. 


The efficacy of various treatments on wound healing was monitored by clinical and haematological parameters at 0, 3rd, 7th, 10th, 14th, 21st and 28th day of experiment. Clinical observations included rectal temperature (0F), respiration rate, heart rate, degree of inflammation, degree of wound exudation and gross appearance of wounds. The degree of inflammation and wound exudation was categorized as no (-), mild (+), moderate (++) and severe (+++). For haematological examinations, 0.25 ml venous blood of all the animals was collected in heparinized vials and subjected to estimation of haemoglobin % (Hb), packed cell volume (PCV), total leucocyte count (TLC), total erythrocytic count (TEC) and differential leucocytic count (DLC). Statistical analysis of the data was carried out using analysis of variance method (ANOVA) and unpaired‘t’ test for comparison between the treatments and days at 5% and 1% level of significance. 

Results and discussion: The rectal temperature, respiration rate and heart rate of all the animals irrespective of groups remained with in the normal physiological range throughout the period of observation. Immediate postoperative period of wounds was characterized by acute inflammatory response of the body in all the groups and its gradual subsidence thereafter. However, the signs of acute inflammatory reactions i.e. swelling, erythema, warmness remained mild in group III and IV before their eventual subsidence on 7th and 5th day respectively. Whereas, in group II the signs varied from mild to moderate and persisted up to 8th and 9th day. In group I, signs remained moderate up to 5th day and gradually subsided by 10th - 12th day of study. The lesser intensity of inflammation in group III and IV might be due to the anti-inflammatory properties of the Seabuckthorn (SBT) oil and Dermanol ointment. SBT oil and Dermanol ointment are reported to posses many bioactive substances which exert their anti-inflammatory action upon topical application on wounds (Lebedeva et al. 1989, Nayak 2003). Terpenoids and flavonoids, found in SBT oil could possibly be responsible for its anti-inflammatory activity as they have shown marked inhibitory effect on the platelet activating factor (PAF) responsible for acute inflammation (Zhang-Wenlu et al., 1988). SBT oil has been shown to inhibit artificially induced acute inflammation of mouse and dogs subcutaneous tissue (Lebedeva et al., 1989, Varshney et al. 2004)). Wu Airu et al., (1992) also observed 97 per cent curative effect of SBT oil in chronic cellulitis. Subsidence of inflammation by 12th day in all groups indicated the absence of infection or any other complications in wounds and natural progress of wound healing. It indicates that application of SBT oil over wounds is safe and non-irritating. Group III and IV wounds were also characterized by least exudation throughout the period of study. It simulates the finding of Gupta et al. (2001) who reported marked dryness and no exudation through out the period of study while using flavonoids from seabuckthorn oil in healing of cutaneous wound in rats. The scab was firm in groups III and IV in the initial stages and least disrupted during dressing changes. Shedding of scab was also earliest in group III and group IV i.e. in between 24-28 days. The underlying wound surface was completely healed during shedding time of scab.  


Wound surface contraction was gradual in all the groups in response to wound healing. However, percent wound contraction was significantly greater in group III and IV when compared to group I throughout the period of study. Group II wounds also exhibited greater wound contraction in comparison to group I and the difference was significant on days 3rd and 14th. The wound contraction was markedly greater in group IV than group III in almost all observation intervals, but it was significant only on day 28th. Greater wound contraction in group III and IV indicate faster healing progress and on comparative basis the healing was slightly better in group IV. Greater percent wound contraction under seabuckthorn oil dressing was also reported by Gupta et al. 2002 and Mahajan et al. 2002. Mironov et al. (1989) also described reparative effects of seabuckthorn oil in rabbits and noticed that complete healing of skin excisional wounds could be attained with in 13-14 days as against 19-21 days in control animals.

Fig 1: Gross appearance of wounds of at different observation intervals
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	Group II
	Group III
	Group IV
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Table 1: Effects of various therapeutic regimens on percent (%) wound contraction in calves  (Mean ± SE)

	    Treatment

      groups
	                                       Observation intervals (in days)

	
	0
	3
	7
	10
	14
	21
	28

	Group- I
	0.00

(± 0.00)
	2.49

(± 0.03)
	5.03

(± 0.08)
	7.4

(± 0.13)
	19.12

(± 0.33)
	49.55

(± 0.91)
	72.98

(± 1.13)

	Group – II
	0.00

(± 0.00)
	2.85 a
(± 0.11)


	5.4

(± 0.17)
	7.93

(± 0.21)
	22.91 A

(± 0.60)


	53.03

(± 1.38)
	74.65

(± 1.70)

	Group – III
	0.00

(± 0.00)


	2.78 B
(± 0.08)


	5.52 B
(± 0.02)


	8.22 B
(± 0.05)


	29.12 BD
(± 0.72)


	54.51 B
(± 0.54)


	78.91 B
(±  0.31)



	Group – IV


	0.00

(±0.00)
	3.41 CE
(±0.05)


	6.57 CE
(±0.28)


	9.30 CE
(±0.65)


	30.34 CE
(±0.17)


	54.77 CE
(±0.38)


	81.77 CE f
(±0.38)




a P<0.05 when compared between group 1 and 2; A P<0.01 when compared between group 1 and 2; B P<0.01 when compared between group 1 and 3; C P<0.01 when compared between group 1 and 4; D P<0.01 when compared between group 2 and 3; E P<0.01 when compared between group 2 and 4; f P<0.05 when compared between group 3 and 4



No significant changes in the haematological parameters were noticed in any of the treatment groups during entire period of study (Table 2 and 3). This might be due to the fact that no systemic infection had occurred during the whole period of study and also there was no adverse side effect of any treatment on the animals.

Table 2: Effects of various therapeutic regimens on Hb and PCV in calves (Mean ± SE)

	Parameters
	 Treatment Groups
	                  Observation intervals (in days)

	
	
	0
	3
	7
	10
	14
	21
	28

	Haemoglobin ( g%)
	Group- 1
	8.90

(± 0.26)
	8.76

(± 0.29)
	8.50

(± 0.28)
	8.46

(± 0.29)
	8.46

(± 0.23)
	8.63

(± 0.26)
	8.60

(± 0.34)

	
	Group –II
	8.73

(± 0.17)
	8.53

(± 0.06)
	8.50

(± 0.10)
	8.30

(± 0.05)
	8.36

(± 0.13)
	8.36

(± 0.14)
	8.23

(± 0.21)

	
	Group –III


	8.96

(± 0.60)
	8.83

(± 0.54)
	8.66

(± 0.55)
	7.93

(± 0.06)
	8.46

(± 0.56)
	8.13

(± 0.38)
	7.96

(± 0.36)

	
	Group–IV
	8.4

(± 0.26)
	8.23

(± 0.21)
	8.23

(± 0.21)
	8.2

(± 0.20)
	8.13

(± 0.21)
	8.3

(± 0.20)
	8.23

(± 0.21)

	PCV
	Group- 1
	38.66

(± 0.88)
	40.00

(± 2.00)
	38.66

(± 1.33)
	38.00

(± 1.52)
	39.33

(± 2.96)
	40.33

(± 0.66)
	38.33

(± 1.85)

	
	Group –II
	36.33

(± 1.66)
	38.33

(± 0.88)
	38.00

(± 1.00)
	35.33

(± 1.45)
	32.00

(± 2.51)
	33.00

(± 4.04)
	31.00

(± 0.57)

	
	Group –III


	33.33

(± 0.66)
	35.00

(± 0.57)
	35.33

(± 1.66)
	34.66

(± 1.33)
	32.00

(± 1.72)
	33.66

(± 0.88)
	31.66

(± 2.96)

	
	Group–IV
	37.00

(±0.57)
	38.00

(±1.52)
	36.66

(±1.45)
	35.33

(±2.18)
	35.00

(±2.51)
	35.33

(±3.84)
	36.00

(±2.30)




The seabuckthorn (SBT) seed oil has been subjected to a number of wound healing studies (Mironov et al., 1989; Gupta, 2002; Mahajan, 2002) in animals as well as humans. It has been reported to possess vitamin A, vitamin E, many trace elements (zinc, magnesium), flavonoids etc (Yaonian et al., 1995). Vitamin A helps in collagen synthesis and cross-linking of collagen fibres. In addition to this it also helps in proper epithelization. Vitamin E has anti-oxidant properties. Seabuckthorn also has flavonoids due to which it has anti-inflammatory properties and helps in promoting healing of wounds and ulcers (Chen, 1988). Zinc helps in synthesis of proteins, RNA, DNA, fibroplasia, epithelization and cell mitosis. Magnesium decreases phagocytosis. Support in wound healing process has been provided by its antibacterial, anti-inflammatory and regenerating tissue properties. Dermanol ointment is prepared from the extracts of Cedrus Deodara, Pongamia glabra and Eucalyptus globosus and is considered  to possess anti-inflammatory and wound healing properties. All these properties help in providing a favourable micro-environment at wound site for its uninterrupted rapid healing. 

Table 3: Effects of various treatments on TLC, TEC, Neutrophils and Lymphocytes in calves (Mean ± SE)

	Total leucocyte count (thousand/ cu.mm)
	Group- 1
	9.00

(± 0.50)
	9.60

(± 0.70)
	9.66

(± 0.71)
	9.50

(± 0.70)
	9.13

(± 0.78)
	9.03

(± 0.73)
	8.93

(± 0.63)

	
	Group –II
	8.56

(± 0.23)
	9.26

(± 0.36)
	9.36

(± 0.37)
	9.20

(± 0.30)
	8.90

(± 0.32)
	8.76

(± 0.26)
	8.63

(± 0.23)

	
	Group –III


	8.96

(± 0.51)
	9.30

(± 0.60)
	9.50

(± 0.70)
	9.46

(± 0.66)
	9.13

(± 0.68)
	8.90

(± 0.60)
	8.90

(± 0.65)

	
	Group–IV
	8.76

(±0.62)
	9.26

(±0.66)
	9.43

(±0.73)
	9.33

(±0.73)
	9.03

(±0.68)
	8.76

(±0.72)
	8.76

(±0.71)

	Total Erythrocytic count (million/ cu.mm)
	Group- 1
	6.36

(± 0.33)
	6.23

(± 0.29)
	6.10

(± 0.28)
	6.13

(± 0.23)
	6.30

(± 0.25)
	6.23

(± 0.21)
	6.46

(± 0.28)

	
	Group –II
	5.66

(± 0.03)
	5.56

(± 0.06)
	5.50

(± 0.05)
	5.56

(± 0.08)
	5.50

(± 0.05)
	5.53

(± 0.03)
	5.83

(± 0.03)

	
	Group –III


	5.96

(± 0.12)
	5.90

(± 0.10)
	5.90

(± 0.11)
	5.86

(± 0.17)
	5.83

(± 0.13)
	5.86

(± 0.12)
	6.10

(± 0.15)

	
	Group–IV
	6.53

(±0.26)
	6.4

(±0.32)
	6.33

(±0.28)
	6.36

(±0.31)
	6.60

(±0.35)
	6.56

(±0.31)
	6.63

(±0.26)

	Neutrophils  (%)
	Group- 1
	33.00

(± 2.51)
	37.33

(± 2.66)
	37.00

(± 2.51)
	36.66

(± 2.33)
	33.00

(± 3.05)
	32.00

(± 3.51)
	32.33

(± 2.66)

	
	Group –II
	34.33

(± 2.33)
	38.00

(± 1.52)
	37.66

(± 1.85)
	36.36

(± 1.45)
	33.66

(± 0.66)
	31.33

(± 2.40)
	31.66

(± 0.88)

	
	Group –III


	35.33

(± 1.45)
	37.00

(± 1.15)
	38.33

(± 1.66)
	36.36

(± 1.85)
	33.33

(± 2.40)
	31.66

(± 3.38)
	29.66

(± 2.40)

	
	Group–IV
	30.00

(±1.73)
	32.33

(±1.45)
	33.00

(±1.73)
	34.00

(±1.73)
	31.66

(±1.66)
	29.00

(±1.73)
	27.33

(±1.20)

	Lymphocytes (%)
	Group- 1
	67.00

(± 2.51)
	62.66

(± 2.66)
	63.00

(± 2.51)
	63.33

(± 2.33)
	67.00

(± 3.05)
	68.00

(± 3.51)
	67.66

(± 2.66)

	
	Group –II
	65.66

(± 2.33)
	62.00

(± 1.52)
	62.33

(± 1.85)
	63.33

(± 1.45)
	64.33

(± 0.66)
	68.66

(± 2.40)
	68.33

(± 0.88)

	
	Group –III


	64.66

(± 1.45)
	63.00

(± 1.15)
	61.66

(± 1.66)
	63.66

(± 2.18)
	68.33

(± 0.88)
	68.33

(± 3.38)
	70.33

(± 2.40)

	
	Group–IV
	72.00

(±1.52)
	67.66

(±1.45)
	67.67

(±1.45)
	67.33

(±0.88)
	69.33

(±2.18)
	73.66

(±0.33)
	73.00

(±1.15)


Conclusion:  Seabuckthorn oil and Dermanol ointment are safe for application on cutaneous excisional wounds in bovines and result in faster healing of wounds.  
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Abstract

Seabuckthorn (Hippophae rhamnoids L.), locally known as “Chharma and Surch” in Himachal Pradesh, India, belongs to the Elaeagnaceae family, grow naturally under quite adverse climatic conditions prevailing at upper reaches of Himachal Pradesh. The present paper describes the processing of seabuckthorn fruit juice into ready-to-serve beverage and changes in keeping quality of the beverage upon storage for 120 days. Seabuckthorn berries were procured from Lahaul valley of Himachal Pradesh. Pulp was extracted from the berries with the help of fruit pulper. Ready to serve beverage was prepared using variable proportions of pulp and sugar in the beverage formulations. The ascorbic acid content increased significantly (P ( 0.05) with the increase in the proportion of pulp  and decreased with the enhancement of storage period. Whereas increasing trend was observed in reducing sugars with the increasing pulp and sugar content as well as storage duration. Beverage formulation containing 10 and 13 per cent, 12.5 and 13 per cent and 15 and 15 per cent pulp and sugar were rated most acceptable by a panel of judges on a nine point hedonic scale. It was concluded that value addition to seabuckthorn can promote commercial market for  this wild fruit which has remained neglected and underutilized in Himachal Pradesh.

Keywords: Seabuckthorn, chemical constituents, sensory, RTS beverage

Introduction

Seabuckthorn (Hippophae rhamnoides L.) belonging to the family Elaegnaceae, is a nitrogen fixing plant, grows very widely in dry temperate Himalayas.. In India, it grows on high altitudes (2000-4300m) areas of Himachal Pradesh, Jammu and Kashmir, Uttrakhand, Sikkim and Arunachal Pradesh. In Himachal Pradesh, Seabuckthorn grows on river sides and sun facing slopes of Lahaul-Spiti, parts of Chamba, Kinnaur, Kullu and Shimla (India). Plant bears foliage from April to November, flowers in June and July and red, yellow and orange coloured berries from mid August to April. Berries are picked up in September and October.. Fruit berries are  rich source of vitamin C, organic acids, (malic acid) bio-active substances, (sugars, amino acids) Vit E, K, B, P, carotenoids and flavnoids. The pulp and seed oil contains Vit. E and K, carotenoids such as lycopene, (-carotene and steroids. This makes seabuckthorn an ideal choice for the beverage and pharmaceutical industries. Commercial potential of the fruit is needed to be exploited in the form of its use in the preparation of value added products. This can boost the economical status of the tribal people of Himachal Pradesh and the country as a whole. The present study was therefore, undertaken to investigate the beverage  development potential of seabuckthorn fruit.

Materials and Methods

Seabuckthorn

The ripened berries of the Seabuckthorn harvested and collected from Gemur region of Lahaul Valley of Himachal Pradesh were brought to the Post Graduate Laboratory of the Department of Food Science and Nutrition, CSK HPKV, Palampur. The fruit was spread over aluminium trays and small leaves, stalks, spoiled fruits and other contaminants were removed by picking and washing in the running water. The cleaned berries were separated.

Seabuckthorn Pulp

Seabuckthorn pulp was extracted with the help of a mechanical pulper by subjecting a batch of 15 Kg. berries for the extraction process at the Fruit Canning Unit of Govt. of Himachal Pradesh located at Nagrota Bagwan, Kangra (India). Pulp recovery and proportions of seed and skin were recorded and analysed for important chemical constituents.  Pulp was utilized in the preparation of ready to serve beverage.

Ready to Serve Beverage (RTS)

The RTS beverage was prepared by using three different levels of Seabuckthorn pulp (10, 12.5 and 15%) and by adjusting the total soluble solids (TSS) to three different levels (11, 13 and 15 0Brix ) with cane sugar with the help of a hand sugar refractometer. Citric acid (0.2%) was also used in beverage formulations.  Although seabuckthorn is a very rich source of ascorbic acid, but its loss is evident during processing. Therefore ascorbic acid  @ 25 mg/100 mL of prepared beverage was also added to compensate the loss of ascorbic acid during processing. These prepared beverages were hot filled (80oC) into 200 mL glass bottles, sealed with crown corks, heat processed by dipping in hot water ( 90OC for 25 minutes, cooled and stored under ambient conditions for 120 days, and evaluated for chemical  and sensory qualities .

Chemical and Sensory Characteristics

The moisture, protein, crude fat and ash contents were determined by standard methods (AOAC, 1990). (-carotene was determined by the method given by Rao (1967). Lycopene and Anthocyanin pigments were determined according to Srivastava and Kumar (2003). The sugars, total soluble solids, ascorbic acid and titrable acidity were determined by the methods given by Ranganna (1991).

Brix Acid Ratios were worked out by dividing total soluble solids of the fruits with titrable acidity values of the samples. The sensory evaluation was conducted as suggested by Larmond (1977); by using a panel of 10 judges on a 9 point hedonic scale. The values were analysed for statistical effects with the help of computer software. 

Results and Discussion

Chemical  characteristics

Seabuckthorn

Mean pulp recovery was recorded as 64.60 per cent whereas the proportions of seed and skin were recorded as 10.69 and 24.71 per cent respectively (Table 1). Whole berries contained 75 per cent moisture and 25 per cent dry matter, whereas pulp contained 77.1 per cent moisture and 22.9 dry matter. Seed and skin contained relatively lower moisture contents (42.06 and 48.5%) and higher dry matter contents (57.94 and 51.5%). The protein content of seabuckthorn seeds was observed to be the highest (18.5%) followed by the skin (10.9%), whole berries (4.8%) and pulp (3.2%), respectively. The crude fat content was observed to be the highest (9.52%) in seeds followed by skin (7.3%), whole berry (8.2%) and pulp (6.5%), respectively. The mean ash content varied from 1.2 to1.9 per cent among different anatomical parts of seabuckthorn berries. 

Table 1  Proportions, proximate compositions and pigment contents of seabuckthorn and its different anatomical parts

	Parts
	Proximate compositions


	
	Proportions (%)
	Moisture (%)
	Dry matter (%)
	Protein (%)
	Fat (%)
	Ash (%)
	β-carotene (µg/100g)
	Antho-cyanin (mg/100g)
	Lycopene (mg/100g)

	Whole berry
	100
	75.00
	25.00
	4.8
	8.2
	1.7
	26985
	8.02
	43.69

	Pulp
	64.60
	77.10
	22.90
	3.2
	6.5
	1.2
	-
	-
	-

	Seed
	10.69
	42.06
	57.94
	18.5
	9.52
	1.9
	2736
	6.53
	1.87

	Skin
	24.71
	48.50
	51.50
	10.9
	7.3
	1.7
	22752
	4.96
	32.77


*Data presented are averages of triplicate determinations 

The analysis of different anatomical parts for β-carotene, anthocyanin and lycopene showed that whole berries are rich in β -carotene (26.99 mg/100g) followed by skin (22.75 mg/100g) and seed (2.73 mg/100g). The anthocyanin contents among whole berries, seed and skin varied from 4.96 to 8.02 mg/100g, respectively. The whole berries and skin were also found to be rich in lycopene (43.69 and 32.77 mg/100g).  Whereas seed contained very low content of lycopene (1.87 mg/100g). 

Ready to Serve Beverage 

 Ascorbic Acid

The ascorbic acid content increased significantly with an increase in the proportion of pulp in the ready to serve beverage formulations and decreased with the increase in duration of storage (Table 2). However, the increase in TSS showed non-significant (P ( 0.05) effect on the ascorbic acid contents of the juice beverage. Initially beverages containing 10 per cent pulp contained 54 to 58.5 mg/100g ascorbic acid which increased to 70.5 to 72.50 mg/100g as the pulp proportion increased to 12.5 per cent, and to 76.0 to 79.3 mg/100g, as the pulp proportion increased to 15 per cent. The mean initial ascorbic acid content of different beverage samples recorded as 68.84 mg/100g initially, decreased to 40.44 mg/100g after 120 days of storage. A considerable loss of ascorbic acid during storage may be due to oxidation of ascorbic acid to dehydro-ascorbic acid during storage as the ascorbic acid is highly sensitive to the presence of oxygen in its environment. 
Total Soluble Solids 

The TSS of beverage formulations as adjusted at three different level initially, decreased slightly but significantly with the enhancement of storage duration The interactions between the proportions of pulp, sugar and duration of storage were found to be non-significant (P ( 0.05).  The mean initial value of TSS of all the samples was recorded as 130 Brix which decreased to 12.80Brix after 120 days of storage. Similarly the mean values for different treatments after storage varied from 10.9 to 14.96 0Brix as compared to initially adjusted TSS values of 11 to 15 0Brix. Enhancement in the pulp content and storage duration slightly decreased the TSS of the beverage formulations which could be due to the chemical interactions taking place among the organic constituents of the beverage (Ghorai and Khurdiya, 1998).

Titrable Acidity 

The acidity of the juice beverage varied between 0.36 to 0.58 per cent initially and after 120 days of storage decreased slightly (Table 2). The statistical effect of pulp and sugar contents on the acidity values were found to be significant (P ( 0.05), whereas storage and interaction effects were recorded as non-significant (P ( 0.05). The overall mean acidity values of the fresh beverage and stored beverage samples were recorded as 0.498 to 0.97 per cent. The titrable acidity of the beverage samples varied significantly and increased with the increase in the proportion of seabuckthorn pulp from its initial level of 10 per cent to 15 per cent. This can be attributed partly to the contribution of the inherent acid naturally present in the seabuckthorn pulp and partly to the citric acid purposely added to the beverage at the time of preparation. 
Brix Acid Ratios 

The pulp and sugar proportions in the ready to serve beverages affected the Brix acid ratios of the beverages significantly, whereas the effects of duration of storage and interactions were found to be non-significant (Table 2). In general, the brix acid ratios decreased with the increase in pulp content and increased with the increase in TSS. The mean brix acid ratios among all the treatments varied from 20.11 to 33.39.

Total Sugars 

The effect of pulp proportions and interactions between pulp, TSS and storage duration were found to be insignificant (P ( 0.05) on the total sugars content of juice beverage (Table 3). Whereas the effect of TSS  and duration of storage on the changes taking place in the total sugars content of ready to serve beverage were statistically significant (P ( 0.05). Initially the total sugars content of the beverages varied from 9.94 to 13.96 per cent among nine differently prepared beverages. After 120 days of the storage the content varied from 9.91 to 13.88 per cent.   

Reducing Sugars 

The effect of pulp and sugar concentrations as well as storage durations were found to be significant (P ( 0.05) on the reducing sugars content of the juice beverage (Table 3). Whereas the interactions between pulp, sugar and storage durations were non-significant (P ( 0.05) on the reducing sugars content of the beverage. In general, the reducing sugars increased with the increase in the levels of pulp and sugars contents. Slight increases in reducing sugars level of the beverages were also observed with an increase in the duration of storage. Initially reducing sugars content of the beverages varied from 2.03 to 2.79 per cent which increased to 2.21 to 2.98 per cent after 120 days of the storage. Reducing sugars increased with the increase in the storage period, which is attributable to the hydrolysis of sucrose to glucose and fructose by the acid present in the beverages reflecting in simultaneous decreases in the non-reducing sugars (Lotha 1992) 
Non-Reducing Sugars 

The non-reducing sugars calculated by subtracting reducing sugars from total sugars also changed significantly (P ( 0.05) with the increase in pulp, sugar contents as well as storage durations (Table 3). However, interactions taking place between these three factors were observed to be non-significant (P ( 0.05). Non-reducing sugars increased with the increase in sugar and pulp contents; and slightly decreased with the increase in storage durations. In the fresh beverages, the non-reducing sugars content were recorded to vary from 7.28 – 11.13 per cent which were found to vary from 7.09 – 10.93 per cent after 120 days of storage.

Sensory Characteristics 

The initial overall acceptability scores of the beverages prepared by varying the concentration of pulp from 10 to 15 per cent and TSS from 11 to15 OB varied significantly (P ( 0.05) from 6.83 to 8.52 with a mean score of 7.21 (Table 3). There was a slight but significant (P ( 0.05) reduction in the overall acceptability scores of the beverage with an increase in storage durations and the scores varied from 6.74 to 7.60 with a mean score of 7.07 after 120 days of the storage. The best combinations of pulp and sugar proportions were observed to be 10 and 13, 12.5 and 13, 15 and 15 per cents, respectively as the beverages prepared by these combinations were rated superior to others in terms of overall acceptability ratings of the judges. The findings revealed that with an increase in pulp content, the sugar content has to be increased to mask the astringent off taste and flavor imparted to the beverages by the increased quantity of seabuckthorn pulp.
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Table 2 
Effect of pulp content, TSS, and storage duration on the ascorbic acid, total soluble solids, titrable acidity and Brix acid ratio of seabuckthorn ready to serve beverage

	Treatments
	
	Ascorbic acid (mg/100g)
	Total soluble solids (0Brix)
	Titrable acidity (% C.A.)
	Brix acid ratio

	Pulp (%)
	TSS (0Brix)
	0
	60
	120
	0
	60
	120
	0
	60
	120
	0
	60
	120

	10
	11
	58.50
	50.93
	35.75
	11.00
	10.94
	10.77
	0.363
	0.353
	0.350
	30.28
	30.95
	30.77

	
	13
	57.75
	51.77
	47.85
	13.00
	12.94
	12.90
	0.390
	0.387
	0.387
	33.62
	33.46
	33.09

	
	15
	54.00
	50.53
	41.70
	15.00
	14.96
	14.90
	0.437
	0.433
	0.430
	34.35
	34.80
	24.38

	12.5
	11
	70.50
	41.96
	48.40
	11.00
	10.96
	10.88
	0.547
	0.543
	0.537
	20.51
	20.05
	20.03

	
	13
	72.50
	52.33
	37.40
	13.00
	12.96
	12.90
	0.563
	0.560
	0.560
	23.08
	23.14
	23.03

	
	15
	72.00
	51.36
	40.70
	15.00
	14.96
	14.89
	0.527
	0.523
	0.520
	28.48
	28.59
	25.96

	15
	11
	78.50
	65.49
	35.75
	11.00
	10.97
	10.89
	0.550
	0.543
	0.540
	20.00
	20.19
	20.16

	
	13
	76.00
	65.96
	34.65
	13.00
	12.97
	12.88
	0.550
	0.550
	0.537
	24.24
	23.58
	23.42

	
	15
	79.83
	70.23
	41.80
	15.00
	14.97
	14.90
	0.580
	0.580
	0.577
	25.87
	25.80
	25.85

	CD (P ( 0.05)
	Pulp (P)
	2.46
	NS
	0.004
	0.54

	
	TSS (T)
	NS
	0.03
	0.004
	0.54

	
	Storage duration (D)
	2.46
	0.03
	NS
	NS

	
	PXTXD
	7.37
	NS
	NS
	NS


*Data presented are averages of triplicate determinations

Table 3
Effect of pulp content, TSS, and storage duration on the ascorbic acid, total soluble solids, titrable acidity and Brix acid ratio of seabuckthorn ready to serve beverage

	Treatments
	
	Total sugars (%)
	Reducing sugars (%)
	Non-reducing sugars (%)
	Sensory Scores (9)

	Pulp (%)
	TSS (0Brix)
	0
	60
	120
	0
	60
	120
	0
	60
	120
	0
	60
	120

	10
	11
	9.98
	9.96
	9.93
	2.03
	2.18
	2.21
	7.55
	7.39
	7.33
	6.83
	6.87
	6.74

	
	13
	11.96
	11.92
	11.89
	2.19
	2.24
	2.30
	9.28
	9.20
	9.12
	8.35
	7.85
	7.74

	
	15
	13.93
	13.90
	13.87
	2.21
	2.29
	2.36
	11.13
	11.03
	10.93
	6.41
	6.49
	6.76

	12.5
	11
	9.98
	9.94
	9.91
	2.32
	2.41
	2.45
	7.28
	7.15
	7.09
	6.17
	6.14
	6.48

	
	13
	11.98
	11.96
	11.92
	2.38
	2.49
	2.58
	9.12
	8.89
	8.87
	8.60
	7.81
	7.72

	
	15
	13.96
	13.93
	13.90
	2.49
	2.55
	2.62
	10.89
	10.82
	10.72
	6.75
	6.65
	6.83

	15
	11
	9.94
	9.91
	9.89
	2.57
	2.60
	2.67
	7.00
	6.94
	6.86
	6.67
	6.60
	6.90

	
	13
	11.94
	11.92
	11.88
	2.68
	2.76
	2.83
	8.80
	8.71
	8.60
	6.56
	6.26
	6.87

	
	15
	13.94
	13.91
	13.88
	2.79
	2.85
	2.98
	10.59
	10.51
	10.36
	8.52
	7.78
	7.60

	CD (P ( 0.05)
	Pulp (P)
	NS
	0.024
	0.050
	NS

	
	Sugar (S)
	0.045
	0.024
	0.050
	0.018

	
	Storage duration (D)
	0.045
	0.024
	0.050
	0.018

	
	PXSXD
	NS
	NS
	NS
	0.053


*Data presented are averages of triplicate determinations
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Abstract

In our investigation on the chemical constituents of Hippophae rhamnoides L., the 75% ethanol extract of fruits and the chloroform soluble fraction of the 80% acetone extract of branch barks were observed to inhibit nitric oxide (NO) production in a lipopolysaccharide (LPS) and recombinant mouse interferon (IFN)-γ activated murine macrophage-like cell line, RAW 264.7 cells. Three known flavonols, quercetin (1), kaempferol (2), and isorhamnetin (3), and two known triterpenoids, pomolic acid (4) and ursolic acid (5) were isolated from the fruits extract. Pomolic acid was isolated from H. rhamnoides for the first time. On the other hand, a new triterpenoid, 2-O-caffeoyl-maslinic acid (6), and known triterpenoids, oleanolic acid (7), 6-Methoxy-2H-1- benzopyran (8), and β-sitosterol (9) were isolated from the branch barks extract. Their inhibitory activity on the production of NO in RAW 264.7 cells were examined.

Key words  Hippophae rhamnoides L., 2-O-caffeoyl-maslinic acid, nitric oxide, macrophage

Introduction
The Hippophae rhamnoides L. (Elaeagnaceae), a hardy, deciduous shrub with yellow or orange berries, is attracting considerable attention mainly for its medicinal value and great economic potential1). H. rhamnoides contains a series of chemical compounds including flavonols2-5), carotenoids6, 7), tocopherols8), sterols9), lipids10), ascorbic acid8), triterpenoids11,12), etc. Antioxidant13,14), 
antitumoral15,16), hepato-protective17) and invigorating blood circulation18,19) properties have been described.

Macrophages play major roles in host defense, immunity and inflammatory responses, where once activated they result in pro-inflammatory cytokines, oxygen and nitrogen species, which recruit activated immune and inflammatory cells to the site of lesion, thereby amplifying and perpetuating the inflammatory state. The inorganic free radical nitric oxide (NO) has been implicated in physiological and pathological processes such as vasodilation, nonspecific host defense, ischemia reperfusion injury and chronic or acute inflammation. NO is produced by oxidation of L-arginine catalyzed by NO synthase (NOS). In the NOS family, inducible NOS (iNOS) in particular is involved in pathological overproduction of NO, and can be expressed in response to pro-inflammatory agents such as lipopolysaccharide (LPS) in various cell types including macrophages, endothelial cells, and smooth muscle cells. In inflammatory disease such as rheumatoid arthritis excessive NO production may be of therapeutic benefit in various types of inflammatory20,21).
In our investigation of in vitro anti- inflammatory effects of H. rhamnoides extracts, the 75% ethanol extract of fruits and the chloroform soluble fraction of the 80% acetone extract of branch barks were observed to inhibit NO production in a LPS-activated macrophages. Furthermore, three known flavonols, quercetin (1)22), kaempferol (2) 22), and isorhamnetin (3) 23), and two known triterpenoids, pomolic acid (4)24) and ursolic acid (5)25) were isolated from the extract of fruits. A new triterpenoid, 2-O-caffeoyl-maslinic acid (6), and known triterpenoids, oleanolic acid (7)26), 6-Methoxy-2H-1- benzopyran   (8)27) and β-sitosterol (9)28) were isolated from the extractsof branch barks.
Results and Discussion
Compound 6 was obtained as an amorphous powder. The molecular formula of 6 was established as C39H54O7 by negative HR-FAB mass spectrometry. This UV spectrum exhibited absorption maxima at 327, 300 and 245 nm, suggesting the presence of conjugation in the molecule. The IR spectrum contained absorption bands for hydroxyl (3550-3100 cm-1), α, β-unsaturated carbonyl ester (1695 cm-1), and aromatic (1600 and 1515 cm-1) functionalities. The 1H-NMR spectrum of 6 indicated seven tertiary methyls (δ 0.83, 0.88, 0.89, 0.94, 1.06, 1.09 and 1.17 (each 3H, s)), a trisubstituted olefinic double bond (δ 5.24, 1H, t, J=3.8 Hz), two hydroxymethine protons (δ 5.04, 1H, ddd, J=11.8, 10.0, 4.4 Hz and 3.24 (1H,d, J=10.0Hz)), three aromatic protons (δ 7.03 (1H, d, J=2.1 Hz), δ 6.93 (1H, dd, J=2.1, 8.6 Hz), δ 6.77 (1H, d, J=8.6 Hz)) showed a 1,3,4-substituted ring. In addition, the coupling constant of the proton signals at δ 7.55 and δ 6.27 were 15.8 Hz, indicating the presence of two trans-olefinic protons. Thus, it was presumed that there is an O-caffeoyl group in 6.
The 13C-NMR spectrum showed 39 carbon atoms which were classified as 7 methyls, 9 methylens, 11 methine, and 12 quaternary carbon atoms using DEPT spectrum analysis. In addition, there were one ester carbonyl carbon at δ 169.3, one carboxylic acid carbon at δ 181.8, a pair of olefinic carbons δ 123.4 and δ 145.3, four double bond carbons at δ 115.2, δ 115.9, δ 116.5, δ 122.8, δ 127.9, δ 146.6, δ 146.8, δ 149.5, two hydroxylated carbons δ 73.8 and δ 81.2. The negative HR-FAB-MS give a molecular formula of C39H54O7, in agreement with the NMR spectral data. Thus, 6 has an O-caffeoyl group, and a C-skeleton containing 30 carbons. The framework of this compound was deduced from the carbon number and the presence of seven tertiary-linked methyls and double bond and two hydroxymethines. To confirm the location of the O-caffeoyl, the 2D NMR spectra of 6 were obtained. In the HMBC spectrum, the proton signal at δ 5.04 (1H, ddd, J=11.8, 10.0, 4.4 Hz, H-2) showed long-range correlations with the carbon signals at δ 81.2 (C-3) and δ 169.3 (C-9'), indicating the O-caffeoyl was located at C-2. In the NOESY spectrum, the H-2 was correlated with H-24 and H-25. Thus, the relative stereochemistry of the 

O-caffeoyl was determined to be 2α. Furthermore, based on the HMQC, HMBC, COSY spectral data, the structure of compound 6 was determined.
Table 1. 13C-NMR spectral Data of Compounds 4, 5, 6, 7 and 1H-NMR Data of Compound 6

	
	4a1
	5a2
	7b
	 6c

	Position
	δC
	δC
	δC
	δH
	δC

	1
	39.1
	39.3
	38.2
	2.03m,1.00m
	45.2

	2
	28.2
	28.4
	27.1
	5.04(ddd,11.8,10.0,4.4)
	73.8

	3
	78.3
	78.2
	78.7
	3.24(d,10.0)
	81.2

	4
	39.4
	39.6
	38.7
	
	41.0

	5
	56.0
	56.0
	55.0
	0.93m
	56.6

	6
	19.0
	19.1
	18.2
	1.60m,1.48m
	19.6

	7
	33.7
	33.8
	32.5
	1.72m,1.51m
	33.8

	8
	40.4
	40.2
	39.1
	
	43.0

	9
	47.8
	48.2
	47.4
	1.67m
	49.1

	10
	37.4
	37.5
	36.9
	
	39.5

	11
	24.1
	23.9
	22.8
	1.98m,1.85m
	24.6

	12
	128.1
	125.6
	122.2
	5.24(t,3.8)
	123.4

	13
	140.2
	139.1
	143.1
	
	145.3

	14
	42.2
	42.7
	41.4
	
	40.6

	15
	29.4
	28.9
	27.6
	1.78m
	28.8

	16
	26.5
	25.2
	23.3
	2.00m,1.60m
	24.1

	17
	48.4
	49.0
	46.3
	
	47.6

	18
	54.7
	53.7
	40.8
	2.84(dd,3.8, 13.8)
	42.7

	19
	72.8
	39.7
	45.7
	1.66m, 1.12m
	47.3

	20
	42.4
	39.6
	30.6
	
	31.6

	21
	27.0
	31.3
	33.7
	1.38m, 1.20m
	34.9

	22
	38.5
	37.7
	32.3
	1.36m,1.52m
	33.8

	23
	28.8
	29.1
	28.0
	1.06s
	29.2

	24
	16.8
	16.9
	15.5
	0.88s
	17.4

	25
	15.6
	16.0
	15.3
	1.09s
	16.9

	26
	17.3
	17.8
	17.0
	0.83s
	17.7

	27
	24.7
	24.2
	25.8
	1.17s
	26.4

	28
	180.7
	179.6
	182.2
	
	181.8

	29
	27.2
	17.8
	32.9
	0.89s
	33.5

	30
	16.6
	21.7
	23.5
	0.94s
	24.0


a1 and a2 Measured in C5D5N, a1 125 MHz, a2 75 MHz

b Measured in CDCl3, 75 MHz

c Measured in CD3OD, 125 MHz Additional singals : 115.2 (C-2'), 115.9 (C-5'), 116.5 (C-8'), 122.8 (C-6'), 127.9 (C-1'), 146.6 (C-3'), 146.8 (C-7'), 149.5 (C-4'), 169.3 (C-9').
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  In addition, quercetin (1)22), kaempferol (2)22), isorhamnetin (3)23), pomolic acid (4)24), ursolic acid (5)25), oleanolic acid (7)26), 6-Methoxy-2H- 1-benzopyran (8)27) and β-sitosterol (9)28) were confirmed by comparison with the spectral data reported. For compound 4, 5, 7 13C-NMR data see Table 1.

Table 2. Inhibitory Activity of Compounds 1―9 on the NO production in RAW 264.7 and Scavenging Activity of DPPH Radical 

	compound
	NO Production Inhibitory Activities IC50(μM)
	DPPH Radical Scavenging Activity IC50(μM)

	1
	24.5
	13.8

	2
	19.6
	29.3

	3
	21.4
	24.6

	4
	16.8
	―

	5
	20.7
	―

	6
	7.6
	34.7

	7
	40.2
	―

	8
	24.8
	55.0

	9
	36.2
	―


― : no radical scavenging activity
In the present study, compounds 1―9 were examined their inhibitory activity on NO production stimulated by LPS in RAW cells. As shown Table 2, 2-O-caffeoyl-maslinic acid (6) showed the strongest activity on suppression of NO production. Flavonols 1―3, and 8 showed moderate NO inhibitory activity with IC50 values of 24.5, 19.6, 21.4, and 24.8 μM, respectively. Triterpenoids 4 and 5 showed moderate NO inhibitory activity with IC50 values of 16.8 and 20.7 μM, respectively. Triterpenoids 7 and 9 showed weak NO inhibitory activity with IC50 value of 40.2 and 36.2 μM, respectively.

In next study, compounds 1―9 were examined their DPPH radical scavenging effect. Quercetin (1) showed the highest activity with IC50 value of 13.8 μM. In addition, other flavonols, 2 and 3 showed radical scavenging activity. Compounds 6 and 8 showed weakly radical scavenging activity than the flavonoids 1―3. However, Triterpenoides 4, 5, 7 and 9 showed no radical scavenging activity, except for 6.

Experimental
General Experiment Procedures  UV spectra were obtained in MeOH on a Shimadzu UV-160 spectrophotometer, and IR spectra were recorded on a JASCO IR A-2 spectrophotometer. The NMR spectra were taken on a Mercury-300BB Varian and JEOL GL-600 FT NMR spectrometers, with TMS as an internal standard. The mass spectra (MS) were obtained on a JEOL GCmate spectrometer. Column chromatography was carried out on silica gel (Wako gel C-300, WAKO Pure Chemical Industry Ltd.) and ODS (Chromatorex 100-200 mesh, FUJI SILYSIA Chemical Ltd.). TLC was performed on Merck TLC plates (0.25 mm thickness), with compounds visualized by spraying with 5% (v/v) H2SO4 in ethanol solution and then heating on a hot plate. HPLC was performed on a JASCO PU-2089 apparatus equipped with a JASCO UV-2075 and RI-101 (Shodex). SHISEIDO SIL-SG80 (10 x 250 mm i.d.) columns, YMC-PAK Pro-C18 (10 x 250 mm i.d.) and CAPCELL-PAK-C18 AQ (10 x 250 mm i.d.) were used for preparative purposes.

Plant Material  Conseco Seabuckthorn Co., Ltd offered the 75% ethanol extracts of fruits. The dried branch barks of Hippophae rhamnoides L. were collected in Neimenggu, People’s Republic of China, in October 2004. Voucher specimens have been deposited at College of Pharmacy, Nihon University.

Extraction and Isolation  The the 75% ethanol extracts (55 g, NO inhibitory activity 71% (100 μg/mL)) of fruits was dissolved with 500 mL methanol, the filtrate was evaporated under reduced pressure. The extract (35 g) was subjected to silica gel column chromatography (13 x 25 cm, eluted with CHCl3-CH3OH, in increasing polarity). The fractions (200 mL each) were combined according to TLC monitoring into five portions. Fraction 2, was isolated by silica gel column chromatography (6 x 20cm, eluted with CHCl3-CH3OH, in increasing polarity) and further purified by reversed-phase HPLC (CH3OH-H2O, 55:45) to give 1 (101.0 mg), 2 (57.7 mg) and 3 (10.8 mg). Fraction 1, was isolated by silica gel column chromatography (6 x 20 cm, eluted with CHCl3-CH3OH, in increasing polarity), The fractions (200 mL each) were combined according to TLC monitoring into three portions. Fraction 1-1, was isolated by ODS column chromatography (5.5 x 12 cm, eluted with CH3OH-H2O, in increasing polarity) and further purified by reversed-phase HPLC (CH3OH-0.1%TFA, 90:10) to give 4 (18.1 mg) and 5 (14.6 mg).

The dried branch barks of Hippophae rhamnoides L. (3.0 kg) were chopped and extracted thrice with 80% Acetone (10 L). The solvent was evaporated under reduced pressure from the combined extract (929 g). The extract was suspended in water (6.0 L), and partitioned with n-hexane (3 x 6 L), chloroform (3 x 6 L), ethyl acetate (3 x 6 L) and n-butanol (3 x 6 L), successively. Evaporation of the solvent yielded a n-hexane layer (21 g, NO inhibitory activity 89% (100 μg/mL)), chloroform layer(29 g, 90%), ethyl acetate layer (37 g, 67%), n-butanol layer (180 g, 25%), and an aqueous fraction (632 g, 0.8%). The chloroform layer was subjected to silica gel column chromatography (6 x 18 cm, eluted with hexane and EtOAc in increasing polarity). The fractions (200 mL each) were combined according to TLC monitoring into six portions. Fraction 2, was isolated by ODS column chromatography (5.5 x 12 cm, eluted with CH3OH-H2O, in increasing polarity) and further purified by normal-phase HPLC (hexane-EtOAc, 80:20) to give 9 (12.9 mg). Fraction 3, purified normal-phase HPLC (hexane-EtOAc 70:30) and reversed-phase HPLC (CH3OH-H2O, 95:5) to give 7 (24.9 mg), Fraction 4, was isolated by ODS column chromatography (5.5 x 12 cm, eluted with CH3OH-H2O, in increasing polarity) and further purified by reversed-phase HPLC (CH3OH-H2O, 35:65) to give 8 (12.8 mg), by normal-phase HPLC (hexane-EtOAc-acetone, 60:35:5) to give 6 (6.0 mg) .

pomolic acid (4) Colorless powder, mp 272-274℃, [α]25D +22.0°　(c=0.15, MeOH), IR (KBr)νmax 3420,　1685,　1450,　1380 cm-1. EIMS m/z 472 [M]+,　454,　439,　426,　393,　264,　246,　207,　190, 175, 146. 1H–NMR δ0.93,　1.04,　1.13　(each 3H, s,　CH3), 1.14　(3H,　d,　 J=5.5Hz,　H-30),　1.24,　1.47,　1.7　(each 3H, s, CH3),　3.07　(1H,　br s, H-18),　3.45　(3H,　dd, J=11.2,　5.2 Hz,　H-3),　5.62　(1H,　t,　J=3.4 Hz,　H-12). For 13C– NMR data see Table 1.

2-O-caffeoyl-maslinic acid (6) Colorless powder, [α]25D +40.1°(c=0.10, MeOH), UV (MeOH) λmax(logε) 327 (4.30), 300 (4.26), 245 (4.21) nm; IR (KBr)νmax 3430,　1695,　1600,　1515, 1170,　957　cm-1. negative HR-FAB-MS 633.3806 (Calcd for C39H53O7, 633.3791);　negative FAB-MS m/z 633 [M-H]-. 1H–NMR δ 0.83, 0.88, 0.89, 0.94, 1.06, 1.09, 1.17 (each 3H, s, CH3), 3.24 (1H, d, J=10.0 Hz, H-3), 5.04 (1H, ddd, J=11.8, 10.0, 4.4 Hz, H-2), 5.24 (1H, t, J=3.8 Hz, H-12), 6.27 (1H, d, J=15.8 Hz, H-8'), 6.77 (1H, d, J=8.6 Hz, H-5'), 6.93 (1H, dd, J=2.1, 8.6 Hz, H-6'), 7.03 (1H, d, J=2.1 Hz, H-2'), 7.55 (1H, d, J=15.8 Hz, H-7'). For 13C– NMR data see Table 1.

Inhibitory Activity on NO Production from Activated Macrophages-Like Cell Line, RAW 264.7. 29, 30)  The cells were seeded at 1.2 x 106 cells/mL onto a 96-well flat bottom plate (Sumitomo Bakelite, #8096R, Tokyo) and then incubated at 37℃ for 2 h. Then the test compound was added to the culture simultaneously with both Escherichia coli LPS (100 ng/mL) and recombinant mouse IFN-　(0.33 ng/mL), and the cells were incubated at 37℃, usually for 16 h. After incubation, the cells were chilled on ice. 100 L aliquot of the culture supernatant was placed in a well in duplicate 96-well flat-bottomed plates. A standard solution of NaNO2 was also placed in other wells on the same plate. To quantify nitrite, Griess reagent 50 L, 1% sulfanilamide in 5% H3PO4, and 0.1% N-1-naphthyletylenediamide dihydrochloride were added to each well. After 10 min, the reaction products were colorimetrically quantified at 550 nm with subtraction of the background absorbance at 630 nm, using a Model 3550 MICROPLATE READER (BIO-RAD). Cytotoxity was measured by the 3-(4,5-dimethylthiazol-2-yl)- 2,5-diphenyltetrazolium bomide (MTT) assay method.

Scavenging activity of DPPH radical.31) The assay mixture contained 40μl DPPH radical solution (0.5 mM), 120 μL 99% ethanol, Acetic acid buffer (0.2 M) 40 μL and sample solution 0.4 μL. The solution was rapidly mixed and the scavenging capacity was measured erectrophotometrically by monitoring the decrease in absorbance at 517 nm determined after 30 min and the scavenging activity calculated as a percentage of the radical reduction.
Acknowledgement  This study was financially supported in part by Technology of Japan and for the Promotion and Mutual Aid Corporation for Private School of Japan to Nihon University and by a Grant from the Ministry of Education, Culture, Sports, Science, and Technology of Japan to promote multidisciplinary research projects.

References
1) Li. T. S.C., Schroeder, W. R., 1996. Sea buckthorn (Hippophae rhamnoides L.): a multipurpose plant. Hortic. Tech. 6,370-380.

2) Chumbalov, T. K.; Mukhamed'yarova, M. M.; Polyakov, V. V., Kaz. Gos. Univ. im. Kirova,  Alma-Ata, 1976. Polyphenols from Hippophae rhamnoides leaves. Khimiya Prirodnykh Soedinenii. Vol.(5), p. 663-4.  (in Russuian)
3) D. Rosch, M. Bergmann, D. Knorr, L.W.Kroh, 2003. Structure-antioxidant efficiency relationships of phenolic compounds and their contribution to the antioxidant activity of sea buckthorn juice.J. Agric. Food Chem. Vol 51(15):p. 4233-4239

4) D. Rosch, A.Krumven, C. MUGGE,et. 2004. Structural Investigations of Flavonol Glycosides from Sea Buckthorn ( Hippophae rhamnoides) Pomace by NMR Spectroscopy and HPLC-ESI-MSn. J. Agric. Food Chem. Vol 52(13):p. 4039-4046.

5) Zhao Yuzhen, Wu Fuheng, 1997. Seabuckthorn flavonoids and their medical value, Hippophae, Vol 10(1):p. 39-41.

6) E.N. Novruzov, Khim. Prir. Soedin. 1981. Carotenoids and sterols of some forms of Hippophae rhamnoides. Vol (1):p. 98-99 (in Russuian)

7)　P. Weller, D.E. Breithaupt, 2003. Identification and quantification of zeaxanthin esters in plants using liquid chromatography- mass spectrometry. J. Agric. Food Chem. Vol 51 (24):p.7044-7049

8）H. Kallio, B. Yang, P. Petppo, R. Tahvonnen, R. Pan, 2002.Effects of Different Origins and Harvesting Time on Vitamin C, Tocopherols, and Tocotrienols in Sea Buckthorn (Hippophae rhamnoides) Berries. J. Agric. Food Chem. Vol 50(21):p. 6136-6142

9）B. Yang, R.M. Karlsson, P.H. Oksman, H.P. Kallio, 2001.Phytosterols in sea buckthorn (Hippophae rhamnoides L.) berries: identification and effects of different origins and harvesting times.  J. Agric. Food Chem. Vol 49(11):p.5620-9

10）A. Pintea, A. Marpeau, M. Faye, C. Socaciu, M. Gleizes, 2001.Polar lipid and fatty acid distribution in carotenolipoprotein complexes extracted from sea buckthorn fruits. Phtochem. Anal. Vol 12(5):p. 293-298.

11）Salenko, V. L., Kukina, T. P., Karamyshev, V. N., et al. 1985. Chemical study of Hippophae rhamnoides. Main components of the neutral fraction of saponification products of extracts from sea buckthorn leaves. Khimiya Prirodnykh Soedinenii. Vol (4):p. 514-19. (in Russian)

12）Novruzov, E. N,  Aslanov, S. M, Imanova, A. A, Gasanova, Z. I. 1979. Ursolic acid from Hippophae rhamnoides. Khimiya Prirodnykh Soedinenii Vol (6):p. 868. (in Russian)
13）Negi, P. S., Chauhan, A. S., Sadia, G. A.,Rohinishree, Y. S., Ramteke, R. S. 2005.Antioxidant and antibacterial activities of various seabuckthorn (Hippophae rhamnoides L.) seed extracts. Food Chemistry Vol 92(1) :p. 119-124.  

14）Zhao, Erlao; Zhang, Hairong; Gai, Qingqing; Han, Yawen. 2003. Determination of seabuckthorn flavone and study of its antioxidant effect. Huaxue Yanjiu Yu Yingyong. Vol 15(2):p. 284-285. ( in Chinese)
15）Zhang, Ping; Sun, Bin; Yang, Huang-Jian; Zhuang, Xiu-yuan; Bai, Zhong-jiang; Wang, Lu; Qu, Wei-jing. 2004. Study of flavonoids from seed residues of Hippophae rhamnoides L. on apoptosis of human mammary carcinoma Bcap-37 cells. Huadong Shifan Daxue Xuebao, Ziran Kexueban. Vol(4) :p. 91-96. ( in Chinese)

16）Hibasami Hiroshige; Mitani Akihiro; Katsuzaki Hirotaka; Imai Kunio; Yoshioka Kazumi; Komiya Takashi. Isolation of five types of flavonol from seabuckthorn (Hippophae rhamnoides) and induction of apoptosis by some of the flavonols in human promyelotic leukemia HL-60 cells. 2005 May . International journal of molecular medicine. Vol15(5) :p. 805-9.

17）Gao Ze-Li; Gu Xiao-Hong; Cheng Feng-Tao; Jiang Fo-Hu. Effect of sea buckthorn on liver fibrosis: a clinical study. 2003 Jul. World journal of gastroenterology. Vol 9(7) :p. 1615-7. 

18）Cheng, Jiayi; Kondo, Kazunao; Suzuki, Yasuhiro; Ikeda, Yasuhiko; Meng, Xiansheng; Umemura, Kazuo. Inhibitory effects of total flavones of Hippophae Rhamnoides L on thrombosis in mouse femoral artery and in vitro platelet aggregation. 2003. Life Sciences Vol 72(20) :p. 2263-2271.

19）Johansson, A. K.; Korte, H.; Yang, B.; Stanley, J. C.; Kallio, H. P. Sea buckthorn berry oil inhibits platelet aggregation. 2000. Journal of Nutritional Biochemistry. Vol 11(10) :p.491-495.  

20）Titheradge, Michael A. Nitric oxide in septic shock. 1999.Biochimica et Biophysica Acta. Vol 1411(2-3) :p.437-455.

21）Nussler AK, Billiar TR. Inflammation, immunoregulation, and inducible nitric oxide synthase. 1993. Journal of Leukocyte Biology. Vol.54(2) :p.171-8. 

22）Markham K R, Ternai B, Stanley, et al, Carbon-13 NMR studies of flavonoids-3 naturally occurring flavonoid glycosides and their acylated derivatives. 1978. Tetrahedron. Vol.34 :p.1389-1397 

23）Ritsuo Nishida, Oviposition stimulant of a zeryntine swallowtall butterfly, Luehdorfia Japonica. 1994. Phytochemistry, Vol.36 (4) :p.873-877.  

24）Takashi Kakuno, Kazuko Yoshikawa, Shigenobu Arihara,Triterpenoid saponins from Ilex Crenata Fruit. 1992. Phytochemistry, Vol.31 (10) :p.3553-3557.

25）Yukinori Miyaichi, Kaori Ishii, Takuya Kuno et al, Studies on the constituents of Scutellaria Species XX1) Constituents of roots of Scutellaria strigillosa HEMSL. 1999. Natrual Medicines, Vol.53 (5) :p.237-241.

26）M. Maillard, C.O. Adewunmi, K. Hostettmann. A triterpene glycoside from the fruits of Tetrapleura tetraptera, 1992. Phytochemistry, Vol.31 (4) :p.1321-1323.

27）Paul Francis Schuda, Jennifer L. Phillips, A short synthesis of 2H- 1-Benzopyrans, 1984. J. Heterocyclic Chem. Vol. 21 :p.669-672.

28）Tian Jun, Sun Handong, New monoterpenoid glycosides from Ligustrum robustrum, 1999.Yingyong Yu Huanjing Shengwu Xuebao,Vol.5(5) :p.501-506.

29）Ishii, R.; Saito, K.; Horie, M.; Shibano, T.; Kitanaka, S.; Amano, F. Inhibitory effects of hydrolyzable tannins from Melastoma dodecandrum Lour. on nitric oxide production by a murine macrophage-like cell line, RAW264.7, activated with lipopolysaccharide and interferon-γ.1999. Biological & Pharmaceutical Bulletin. Vol.22(6) :p.647-653.

30）Daikonya A.; Kastuki, S.; Wu, Jin-Bin; Kitanaka, S. Anti-allergic Agents from Natural Sources(41): Anti-allergic Activity of New Phloroglucinol Derivatives from Mallotus philippensis (Euphorbiaceae). 2002. Chem. Pham.Bull. Vol.50 (12) :p.1566-1659.

31)Marsden S. Biois, Antioxidant determinations by the use of a stable free radical. 1958. Nature. Vol.181:p.1199-1200.
Seabuckthorn, a resource for soft tissue repair in animals
A.C. Varshney1and S.P. Tyagi2

1Professor and Head, 2Assistant Professor

Department of Surgery and Radiology, College of Veterinary and Animal Sciences

CSKHPKV, Palampur, H.P., India

vetsurg@hillagric.ernet.in
 

Key words: seabuckthorn, wound healing, gastric ulcers, animals


Wound healing is a complex phenomenon involving a number of finely synchronized cellular processes of body which are in turn governed by a number of control systems of the body. However, a number of variables affect this normal response of body in many ways. In general, the availability of various vitamins, minerals, fatty acids, amino acids and many other nutrients in body have a major influence on this process directly and indirectly. Moreover, various disease processes and myriad external conditions also affect this process in an unanticipated manner. Therefore, management of any kind of wound is basically aimed in controlling the above mentioned variables in such a manner that the body functions optimally in its healing endeavor. The management of wounds in animals is always potentially complicated because of little control on these variables compared to human. Because of this, the wounds frequently turn chronic and ulcerative in animals, where this natural healing process is further disrupted. The scientists all over the world continuously strive to find better wound-healing-supporting medicines and means to shorten the wound healing period as much as possible. Moreover, in cases of chronic and ulcerative wounds, exogenous application of certain growth promoting agents or compound that can enhance in-situ generation of various growth factors becomes essential to augment the healing process. Taking cue from traditional medical practice of various places of world, scientists have tested many herbal preparations for this purpose by employing modern scientific methods. Due to the presence of a number of bioactive substances sometimes possibly in a synergistic ratio useful for wound healing process, many such herbal preparations have shown promising results. Already a number of herbal drug companies are marketing various wound healing medicaments for animals and human the world over.  Seabuckthorn (Hippophae sp.) is one such useful plant which is already known for its various therapeutic applications because of presence of many bioactive compounds mainly in its fruit and seed. The fruits of seabuckthorn (Hippophae rhamnoides L) have been used as a drug by traditional Tibetan and Mongolian medicine since ancient times. It had pharmacological effects on the lungs, stomach, spleen and blood circulation, which were recorded in some medicinal classics, such as Sibu Yidian from the Tang Dynasty and Jing Zhu Ben Cao from the Qing Dynasty. Seabuckthorn has also been mentioned in the writings of ancient Greek scholars such as Dioscorid and Therophast. In modern times, however the plant attracted the interest of scientists mainly only after the 1977 when the Ministry of Public Health, China officially listed seabuckthorn in the Chinese Pharmacopoeia for the first time (Singh 2001).

China and Russia are forerunner in exploiting the potential of seabuckthorn as medicinal plant. There this plant is being cultivated as medicinal cash crop in thousands of hectares of land. Russian scientists could not only be able to identify a number of key bioactive substances present in seabuckthorn but also substantiated their pharmacological actions through systematic research on experimental animals and also through many clinical trials on human beings as well (Mironov et al.,1989). Since 1985, scientists of many counties remained engaged in a series of scientific experiments on its juice, oil and other extracts with analyses of its nutrient and chemical composition, pharmacodynamics and toxicology. Taking leads from these developments, now over 40 countries of world are actively engaged in conducting research on this plant and harvesting its potential. A number of steroid, flavonoids and vitamins present in the plant are thought to be responsible for its versatile pharmacological activities such as anti-inflammatory (Zhang Wenlu et al., 1988), chemical or physical burn wound healing ability (Nikulin et al., 1992, Vlasov, 1970), anti-gastroulcerative activity (Xiao et al., 1992), hepatoprotective (Cheng, 1990, 1992), anti-cancerous (Li and Liu, 1991), anti-atherosclerotic (Olziikhutag, 1969), anti-lipemic and anti-arrhythmic (Fengming et al., 1989) properties. It has been reported that seabuckthorn contains more than 190 bioactive compounds in the seeds, pulp and juice. These compounds include many fat soluble vitamins (A, K and E), water soluble vitamins (C, B1, B2, folic acid etc.), 22 fatty acids, 42 lipids, organic acids, amino acids, carbohydrates, tocopherols, flavonoids, phenols, terpenes and tannins (Zhang,1990). The versatile pharmacological activities of seabuckthorn oil are hence attributed to these bioactive substances. The chromatographic analysis of ripe fruit of seabuckthorn revealed the presence of malic acid, oxalic acid and other unidentified acids in it. These organic acids are known for certain physiological functions in body such as reducing the toxic effects of some medicines like barbitals and antibiotics, preventing teratogenesis, damages from the X- rays and side effects of oxygen therapy. There is a distinct possibility that the available bioactive substances in seabuckthorn may help in reducing the inflammation, augment the tissue regeneration, epithelization and improvement in the microcirculation of blood capillaries in case of wounds thus hastening the overall healing (Qibikeva, 1989). Vitamin A helps in collagen synthesis and cross-linking of collagen fibres. In addition to this it also helps in proper epithelization. Vitamin E has anti-oxidant properties. Seabuckthorn also has flavonoids due to which it has anti-inflammatory properties and helps in promoting healing of wound and ulcer (Chen et al., 1988). Zinc helps in synthesis of proteins, RNA, DNA, fibroplasia, epithelization and cell mitosis. Magnesium decreases phagocytosis. The triterpene components of seabuckthorn oil (Ursolic Acid) has also been suggested to be responsible for wound healing, ulcer healing and in easing inflammation and pain (Ge, Xiaoyan et al., 1986). The exact mechanism responsible for augmenting wound healing by seabuckthorn flavonoids present in its oil remain speculative. Free radicals are generated at the site of injury, which impairs the healing process. Since seabuckthorn have anti-oxidative effects (Geetha et al, 2001) it is possible that healing activity of seabuckthorn might have been due to its potential to combat oxidative stress (Gupta et al., 2001). The different preparations of seabuckthorn such as decoction, powder, pill, medicinal extract, shortbread, ash and tincture have been used for the treatment of various disease conditions (Mingyu et al., 2001) but the main research emphasis remained focused on its oil.

Therefore, seabuckthorn seed oil has been used in a number of wound healing studies (Vlasov, 1970; Mironov et al., 1989; Buhatel et al., 1991; Khirurgia, 1995; Gupta et al., 2001, Mahajan, et. al. 2002, Varshney, et. al 2003, Kumar, et. al. 2003) in animals as well as in human. It has also been subjected to a number of anti-inflammatory studies in experimental animals and human (Lebedeva et al. 1989, Wu et al. 1992, Che et al. 1992, Varshney and Tyagi, 2004). Lebedeva et al. (1989) evaluated the efficacy of seabuckthorn oil in induced inflammation of mouse subcutaneous tissue and found its anti-inflammatory effects. Wu et al. (1992) studied seabuckthorn oil and oil embolus with seabuckthorn compounds for the treatment of chronic cervicitis and reported 97 percent general curative effect. Che et al. (1992) found therapeutic effects of seabuckthorn oil embolus on easing pain and eliminating inflammation. Li et al. (1989) reported anti-radiation effects of seabuckthorn oil. Fayman (1991) treated postoperative wound of tonsillitis with seabuckthorn oil. Xu Mingyu et al. (1993) described the role of seabuckthorn oil in eliminating inflammation and slough, easing pain, promoting immune function and strengthen body résistance. In a series of studies to evaluate the anti-inflammatory effects of seabuckthorn oil on experimentally induced acute and sub-acute cutaneous inflammation in dogs, Varshney and Tyagi (2004) found that seabuckthorn oil has mild anti-inflammatory effect on acute cutaneous inflammation. Tazakistan state hospital has studied the major biochemical mechanism of SBT oil’s anti-inflammatory activity. A triterpenoid compound, citroostadienol was identified in SBT oil, which had a strong anti-inflammatory activity. Platelet activating factor (PAF) plays an important role in acute inflammation and terpenoids and flavonoids found in SBT oil have marked inhibitory effect on PAF. Seabuckthorn oil was found to stimulate regeneration of tissues in rabbits to help achieving earlier wound healing (Mironov et al., 1989). Similarly the seabuckthorn oil was found to exert favourable effect on the process of cicatrisation during wound-healing in rats thereby reducing the total wound-healing period in another study by Buhatel et al.(1991). Seabuckthorn oil have also been shown to produce beneficial effects in the treatment of superficial burns of the skin (Vlasov, 1970) and operative wounds of ear, nose and throat (Fayman, 1991). Seabuckthorn oil was again found to be very effective by Nikulin et al., (1992) in the treatment of 1st, 2nd or 3rd degree chemical or physical burns as it helped in improving the formation of epithelia and reducing the healing period. Fuheng (1991) and Alieva (1976) also reported the use of seabuckthorn oil for the treatment of burns, skin radiation, cervical erosion, gastric and duodenal ulcers. Fan Yulin et al. (1991) used seabuckthorn oil in clinical treatment of traumatic perforation of tympanic membrane and reported full layer hyperplastic reunion of tympanic membrane. 


Most of the research on seabuckthorn was however either done on laboratory animals such as guinea-pigs, rats and rabbits or directly on human patients. As far as domestic animals especially large and small domestic animals are concerned not much work has been done. Therefore, we have undertaken a research project to verify the wound healing-supporting abilities of seabuckthorn and its evaluation as dressing agent for cutaneous wounds in dogs, infected cutaneous wounds in calves in form of ointment and as oil in burn wounds in calves. More work is going on to evaluate the therapeutic efficacy of seabuckthorn oil on aseptic incisional and septic excisional wounds in calves and aseptic excisional wound in dogs. In the study to evaluate the efficacy of seabuckthorn ointment on the healing of aseptic wounds in dogs by Gupta et. al. (2002), the seabuckthorn ointment was compared with liquid paraffin and a commonly used antiseptic wound ointment 5% povidone-iodine. Grossly the signs of acute inflammatory reactions in cutaneous wounds were less pronounced and disappeared earlier both in seabuckthorn ointment and 5% povidone-iodine ointment treated animals. These signs subsided as early as on 3rd day as compared to around 7th day in paraffin treated wounds. Similarly the granulation tissue and scab formation in the wounds was noticed earlier in seabuckthorn and 5% povidone-iodine treated animals leading to early shedding of scab and achieving complete clinical healing within 14th –18th day as compared to control group of liquid paraffin treated wounds where it took about 21-24 days. The seabuckthorn and 5% povidone-iodine ointment treated wounds also showed early and sustained greater wound contraction of 36% and 32% respectively on 7th day and 75% and 77% respectively on 14th day as compared to 17% and 69 % at 7th and 14th day respectively in liquid paraffin treated wounds. Grossly the wound healing process progressed almost comparably in seabuckthorn and 5% povidone-iodine ointment treated wounds.  The histological observations of the healing tissue biopsies however, affirmed wound healing response in seabuckthorn ointment treated wounds even better than those treated by 5% povidone-iodine. It was evidenced by relative milder response of inflammation and greater fibroblastic proliferation in the wounds in the early stages of healing in seabuckthorn treated wounds. In later stages as well the process of epithelialization and the maturation and contraction of collagen fibers was found to be of most advanced nature in seabuckthorn treated animals.  The collagen fibres were arranged parallel to the skin surface in cutaneous wounds in this group as compared to other two groups where the mature fibrous tissue appeared loosely arranged and comparatively disoriented even at 28th day of healing.

In another study conducted by Mahajan et. al. (2002) to evaluate the efficacy of seabuckthorn in the healing of infected cutaneous wounds in calves, the gross wound healing response was found to be comparable in seabuckthorn and 5% povidone-iodine ointment treated wounds. Whereas, histological observations of the healing tissue biopsies revealed better wound healing response in the initial stages in 5% povidone-iodine treated wounds. It was evidenced by relatively greater angiogenesis, fibroblastic proliferation and lesser fibrinopurulent exudation in 5% povidone-iodine treated wounds. However in later stages the wound healing response was comparable in seabuckthorn and 5% povidone-iodine ointment treated wounds which were nevertheless better than liquid paraffin treated wounds.


Similarly the seabuckthorn seed oil was compared with 5% povidone-iodine ointment and liquid paraffin in the healing of burn wounds in calves by Kumar, et. al. (2003) and Varshney, et. al. (2003). It was again observed that the signs of acute inflammatory reactions in wounds remained less pronounced in seabuckthorn oil and 5% povidone iodine treated animals as compared to paraffin treated animals. The healing progressed fastest in seabuckthorn oil treated wounds as evidenced by earliest shedding of burn eschar in this group. Histopathological examination of the healing tissue biopsies also substantiated the faster progression of healing process in the seabuckthorn oil treated wounds. It was evidenced by presence of lesser neutrophils and mononuclear cells in the wound area, earlier and greater fibroblastic proliferation and its better organization towards the end of study period in seabuckthorn oil treated wounds. 


The therapeutic and prophylactic efficacies of seabuckthorn oil on experimentally created gastric erosion/ulcers have also been evaluated in dogs at this institution. The group of animals that were fed seabuckthorn oil prophylactically showed lesser intensity of gastric erosions endoscopically in response to ulcerogenic drugs as compared to other animals. The gastric lesions also disappeared early in this as compared to other two groups. More research in this aspect is in progress.


It is therefore, concluded that seabuckthorn has a therapeutic potential for the management of various kinds of aseptic and infected cutaneous wounds, burns and gastric ulcers in animals. 
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Occurrence of Radical Scavenging Proanthocyanidins from Sea Buckthorn Seed
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Abstract—Water-acetone (3:7) extract of sea buckthorn (Hippophae rhamnoides) seeds was separated by Sephadex LH-20 column chromatography into nine fractions. Three of the fractions exhibited stronger radical scavenging activities by DPPH. analysis and contained proanthocyanidins. Monomeric and oligomeric proanthocyanidin fractions were analyzed by liquid chromatography coupled to electrospay ionization mass spectrometry. The results showed that sea buckthorn seed proanthocyanidin oligomers besides procyanidins, consist of mixed tri- and dihydroxylated flavanol units as well as pure trihydroxylated flavanol units. Polymeric constituents were fractionated by Sephadex LH-20 column chromatography. LC-MASS spectrometric analysis of the degradation products of fractions released by thioacidolysis showed that catechin, epicatechin, gallocatechin and epigallocatechin were the major constitutive units. Gallocatechin represented 56.1% of the terminal units, whereas 81.9% of the extension units consisted of prodelphinidin units. The mean degree of polymerization (mDP) ranged from 4.5 to 31.6. The proportion of prodelphinidins was high in all fractions, ranging from 51.4% to 88.5%.
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introduction

Sea buckthorn (Hippophae rhamnoides) is a fascinating plant growing widely in various regions of Asia, Europe, and Northern America (1). It was used as a medicinal plant in Tibet as early as 900 A.D (2). It has had many diverse uses, from controlling soil erosion to being a source of horse fodder, nutritious foods, drugs and skin care products. In recent years, sea buckthorn has been recognized as a versatile nutraceutical crop with great economic and ecological potential in China, which has led to development of over 1800 acres of sea buckthorn orchards.
Currently, the use of some naturally occurring antioxidant molecules and their identicals in foods as well as preventive and therapeutic medicine is gaining popularity. Although high contents of natural antioxidants including ascorbic acid, tocopherols, carotenoids and polyphenols have been detected in sea buckthorn berries (3, 4, 5, 6,7) and its leaves (8, 9), few studies have tried to investigate the antioxidant compounds in its seeds. The purpose of the present work was to isolate and identify the antioxidant compounds from sea buckthorn seeds.
materials and methods

Chemicals. (+)-Catechin, (-)-epicatechin, (+)-gallocatechin and (-)-epigallocatechin were obtained from Sigma (St. Louis, MO, USA). Procyanidin B3 was previously isolated from sea buckthorn seeds in our lab and its chemical structure was established by 13C-NMR spectroscopy, by acid-catalysed degradation reaction with benzyl mercaptan and by electrospray mass spectrometry. Kieselgel 60 F254 HPTLC ( 10×10cm, 0.25mm) was obtained from Merck (Darmstadt, Germany). Sephadex LH-20 gel was obtained from Pharmacia (Sweden).

Extraction. Sea buckthorn seeds were obtained from berries of Hippophae rhamnoides L. subsp. Sinensis Rousi     harvested from Taiyan in Sanxi Province. 150 g of sample were ground in a Wiley mill to pass through 20 mesh (840μm), then extracted with 3×800 ml of water-acetone (3:7; 2h with continuous stirring). Extracts were pooled and rotary evaporated under vacuum at 35℃ to remove acetone. The resulting extract (500ml) was washed with 3×500ml hexane to remove lipid-soluble substance, then rotary evaporated to remove the residual hexane.

Fractionation of Extract by Sephadex LH-20. The aqueous fraction was applied to a 60×450 mm Sephadex LH20 column equilibrated with water. The column was eluted using water-ethanol with increasing ethanol concentration and water-acetone (3:7) to obtain nine fractions (A-I). Fraction I, for whose acid hydrolysis indicated the presence of proanthocyanidins, was further fractionated by Sephadex LH 20 column chromatography. Fraction I was fractionated by first dissolving it in ethanol-water-acetic acid (498.75: 498.75: 2.5 ), after which it was applied to a Sephadex LH 20 column (60×600 mm) equilibrated with ethanol-water-acetic acid (498.75: 498.75: 2.5). The column was then washed sequentially using the solvent systems and volumes described in Table 1 to obtain I1-I8 (fractions). These fractions were  later rotary evaporated, freeze-dried and stored at –15℃.

Free Radical Scavenging Activity on DPPH.. This experiment was carried out according to Brand-Williams et al’s (10) method. Different concentrations of the sample solution (0.1mL) were added to 3.9 mL of a 6×10-5 mol/L methanol DPPH. solution followed by determining the decrease in absorbance at 516 nm at different times until the reaction reached a plateau. The resulting calibration curve from DPPH. between 0.5×10-5 and 6×10-5 mol/L, was used to calculate the DPPH. concentration（CDPPH. ）in the reaction medium with the following formula;

Abs516=11251 ×（CDPPH. ）
The reaction kinetics was plotted for each antioxidant concentration tested. These graphs were used to determine the percentage of DPPH. remaining at the steady state and subsequently the values were transferred onto another graph showing the percentage of residual steady state DPPH.. As a function of the sample concentration, antiradical activity was defined as the amount of antioxidant required to lower the initial DPPH. concentration by 50% (EC50).

TLC Analysis. TLC analysis of chromatographic fractions was performed on Kieselgel 60 F254 HPTLC 10×10cm, 0.25mm (Merck) which was developed with toluene: acetone: acetic acid (3:3:1), according to the method earlier reported (11). The plates were visualized by spraying with 1% vanillin solution in 20% H2SO4 in methanol (v/v) which revealed the flavans and proanthocyanidins as orange to reddish spots.

BuOH-HCl Hydrolysis（12）. This reaction was performed with a small sample of proancyanidins (1mg) in a sealed vial containing 5% HCl in tert-BuOH (2ml) and the mixture heated at 95℃ in a boiling water bath for 1h. The anthocyanins formed were chromatographed by reverse-phase HPLC coupled to electrospay ionization mass spectrometry.
Thiolysis of the Proanthocyanidins A method based on that of Guyot et al. (13) was adopted to perform the thiolysis. Briefly, 50μL of solution of each fraction (2mg/ml in methanol) was mixed together with 50μL of methanol acidified with concentrated HCl (3.3%, v/v) and 100μL benzyl mercaptan (5% v/v in methanol). After sealing, the mixture was shaken and heated at 40℃ for 30 min.
For the quantitation of flavan-3-ol monomers and benzyl mercaptan adducts, dihydroquercetin was used as a quantitative standard. The response factors of the other products relative to dihydroquercetin were used for their estimation as indicated by Meagher et al (14). The response factors were 0.26 and 0.07, respectively, for terminal PC and PD flavan-3-ol units. For the extender flavan-3-ol thiol adducts, response factors of 0.25 and 0.06 respectively, were obtained for PC and PD benzylthioethers.To calculate the apparent mean degree of polymerization (mDP), the sum of all subunits (flavan-3-ol monomer and benzyl mercaptan adducts, in moles) was divided by the sum of all flavan-3-ol monomers (in moles). 

Reversed-Phase HPLC-ESI MS Analyses of Oligomeric Proanthocyanidins, Thiolysis Media and Hydrolysis Products of Polymers.  A Waters 2690 chromatography system equipped with a diode array detector (Water 996 DAD) and a quadruple mass spectrometer (Waters Platform ZMD 4000) with an electrospray interface was used for analyses of oligomeric proanthocyanidins, thiolysis media and hydrolysis products of polymers. Separation was performed on a Purospher STAR RP18 (250×4.6 mm i.d., 5μm)  column at room temperature. For the thiolysis media, the elution conditions were as follows: solvent A, MeOH/HCOOH/ H2O (15:1:84, v/v/v); solvent B, MeOH/HCOOH/ H2O (85:1:14, v/v/v). Linear gradients: solvent B 5-100 % in 30 min. For hydrolysis products, solvent A was replaced with 5% (v/v) formic acid in water and the linear gradient was 15-55% B in 45 min. For oligomeric proanthocyanidins, solvent A was replaced with 0.1% HCOOH in H2O; solvent B was replaced with 80% CH3CN in H2O. Linear gradients: solvent B 5-50% in 20 min, 50-100% in 40 min. The solvent gradient described above was applied at a flow rate of 1ml/min. The detection wavelength of the diode array detector was set at 280 nm for flavan-3-ol as well as their benzylthioethers and oligomeric proanthocyanidins and 520 nm for anthocyanidins. Components in the thiolysis media were identified with the mass spectrometer in negative mode using a setting of 50% for compound stability, and 25% for ion trap drive. Positive mode ESI MS was employed to identify anthocyanidins in hydrolysis products with 50% for compound stability, and 80% for ion trap drive level with target mass set at 300 m/z. 
Results and discussion
The crude extract (10%) of sea buckthorn seed (SCT) on Sephadex LH 20 column chromatography yielded nine fractions as shown in Figure 1. The antioxidant activity of the crude extract and the nine fractions was as shown in Figure 2. Fraction G,H and I, which were eluted with 70% ethanol, 90% ethanol and and 70% acetone in water, respectively, showed the highest antioxidant activity on evaluation using DPPH assay. The TLC chromatogram of fractions G and H was as shown in Figure 3. TLC Rf values and reactions with spray reagents indicated that fraction G and H mainly consisted of monomeric and oligomeric proanthocyanidins respectively (11). Acid hydrolysis of fraction I, followed by HPLC analysis with UV-visible diode array detection, showed that both cyanidin and delphindin were formed, an indication that both procyanidins and prodelphinidins were present in the fraction.
Identification of Monomeric Flavan-3-ol and Oligomeric Proanthocyanidins by HPLC/ESI-MS. Characterization of the proanthocyanidins with limited numbers of flavan-3-ol units (fraction G and H) was obtained by HPLC-UV analysis combined with ESI mass spectrometry. The latter technique is currently a powerful detection tool for on-line identification of plant constituents in crude extracts. Recently, application of this technique for the analysis of proanthocyanidin oligomers and polymers extracted from chocolate, grape and wine enabled the determination of the nature of polymeric proanthocyanidins units, their degree of polymerization, type of interflavanoid bonds and presence of gallate derivatives (15, 16, 17). HPLC analysis of fraction G allowed the identification of (+)-gallocatechin (1), (-)-epigallocatechin (2), (+)-catechin (3) and (-)-epigcatechin (4) on the basis of their chromatographic retention times and negative ESI mass spectra by comparison with reference substances (data not shown).

HPLC profile of fraction H is reported in Figure 4. Three ion peaks were detected at m/z 577 which value has been previously attributed to the mass of a procyanidin dimmer (15, 16, 17). Then, four ion peaks were detected at m/z 593-594 while two others at 609 though in lower amounts. The mass differences with 577 are 16 and 2×16 respectively, indicating substitution of one hydrogen atom by one hydroxyl group for the first one and two substitutions for the second one. Therefore the three series of ion peaks were attributed to the monocharged ions [M-H]- of dimers consisting of two catechin units ((diOH)2), one catechin and one gallocatechin unit((diOHtop-triOHbase or triOHtop-diOH base), and two gallocatechin units(triOH)2, respectively. As expected by the suggested general scheme for proanthocyanidins, the loss due to RDA fission as well as interflavanoid cleavage and the loss of gallic acid (C6H6O3, Mr 126) are the predominant fragmentation pathways of the dimmers. Retro-Diels-Alder fission of the heterocyclic ring for (diOH)2 and (triOH)2 resulted in the ions m/z 425 and m/z 441, respectively. The ions corresponding to their subsequent water elimination were detected at m/z 407 and m/z 423 (Figure 5a, d; Table 2). For diOHtop-triOHbase and triOHtop-diOH base, Retro-Diels-Alder fission resulted in the ion fragments detected at m/z 441, m/z 425, respectively, and the ions corresponding to their subsequent water elimination being detected at m/z 423 and m/z 407 (Figure 5b, c), since this type of fragmentation is considered to occur in the top unit of the proanthocyanidin molecule. Ions detected at m/z 451 (for (diOH)2), at m/z 467 (for triOHtop-diOH base) ,and at m/z 483 (for triOH)2, ) resulted from the loss of a fragment equivalent to a phloroglucinol unit (C6H6O3 ) which has been interpreted as an inversion reaction involved in the biosynthesis of proanthocyanidins (18). Interflavanic bond cleavage of (diOH)2 and (triOH)2 through the quinone-methine mechanism resulted in ion fragments detected at m/z 287 , m/z 303 ([Mtop-3H]-, methylenic quinone) and m/z 289, m/z 305 ([Mbase-H]-, flavan-3-ol monomer) (Figure 5a, d), respectively, the latter ion being more abundant than the former, which is in agreement with the observations of other authors (16) . For diOHtop-triOHbase, triOHtop-diOH base, interflavanic fragmentation resulted in the ion fragments detected at m/z 305, m/z 289 ([Mbase-H]-, flavan-3-ol monomer), respectively, wherea the ion fragments at m/z 287 and m/z 303 corresponded to [Mtop-3H]- by this cleavage were not detected (Figure 5b, c).

These results showed that sea buckthorn seed proanthocyanidins besides procyanidins, consist of mixed tri- and dihydroxylated flavanol units in addition to pure trihydroxylated flavanol units. To our knowledge, this is the first time that proanthocyanidin oligomers containing both trihydroxylated and dihydroxylated units have been shown in sea buckthorn, whereas such prodelphinidins have been already found in barley (19). 

Finally, the dimmer series (starting from pure trihydroxylated up to pure dihydroxylated) eluted in decreasing polarity order, as could be expected on a reversed phase column.

Thiolysis of fractionated polymeric Proanthocyanidins on Sephadex LH-20. In contrast to simple oligomers, polymeric proanthocyanidis (DP>5) are very difficult to resolve by HPLC techniques since the number of possible isomers increases with degree of polymerization. Therefore, only fractions containing mixtures of polymers can be isolated, using purification techniques such as normal-phase HPLC (20), C18 Sep-Pak cartridge (11) and absorption chromatography on Fractogel TSK HW-40 (21). Chromatography on Sephadex LH-20 with elution by aqueous alcohol or aqueous acetone solvents has commonly been applied to separate native-form proanthocyanidins from plant extracts according to the degree of polymerization (14, 22, 23). In an effort to determine the major constituents of bioactive fraction I, fraction I was further fractionated by Sephadex LH 20 column chromatography which yielded eight fractions (Table 1).

The average composition of proanthocyanidin oligomers and polymers in the fractions was determined using acid-catalysed degradation in the presence of toluene-α-thiol, followed by reverse-phase HPLC analysis with UV-visible detection as described earlier. In thiolysis reactions, all the extension subunits of proanthocyanidins are attacked by benzyl mercaptan to form the corresponding benzylthioether. Only the terminal unit is released as the free flavan-3-ol. The components in the thiolysis media were separated by HPLC (figure 6) and their structures studied using ESI-MS (Figure 7). 

A typical HPLC chromatogram of the thiolysis products is shown in figure 6. Sea buckthorn seed tannin gave ten main peaks. Four early eluting compounds (tR 5.8 min ,[M-H]- m/z; 305; tR 8.4 min,[M-H]- m/z; 305; tR 8.9 min,[M-H]- m/z; 289; tR 11.6 min,[M-H]- m/z; 289) were identified respectively, as (+)- gallocatechin (peak 1), (-)-galloepicatechin (peak 2), (+)-catechin (peak 3), (-)-epicatecin (peak 4) by comparison of their tR, UV-visible spectra and mass spectra with those of standards (figure 7a, b). 
Two compounds (peak 8, 9) eluting at 20.3 and 21.4 min, showing [M-H]- at m/z 411 were identified as catechin benzylthioether by comparison their tR , UV-visible spectra with the thiolysis products of catechin(4β-8)catechin (figure 6, 7c). The mass spectra of compound 10 (tR 23.3min, [M-H]- m/z; 411) was very similar to that of catechin benzylthioether. Haslam and Matthews (24, 25, 26) have shown that catechin internal units in procyanidins, when treated by thiolysis, give both 3,4-trans- and 3,4-cis-benzylthiocatechin whereas epicatechin internal units give 3,4-trans-benzylthioepicatechin and no 3,4-cis isomer. It was thus suggested that the latter compound corresponds to benzylthioepicatechin. Three compounds, eluting at 16.5, 18.0 and 18.8 min, showed [M-H]- at m/z 427, with characteristic fragments ions [(M-Ph-CH2-S)-H] at m/z 303, suggesting that they were stereoisomeric  (epi)gallocatechin benzylthioethers (peak 5, 6, 7), although the actual conformations on C-2, 3 ,4 remain to be established (figure 6a, 7d).
The structural composition and characteristics data obtained by thiolysis degradation of each proanthocyanidin fractions are presented in Table 3. Catechin, epicatechin, gallocatechin, galloepicatechin were found in each fraction both as extension and terminal units, confirming that sea buckthorn seed proanthocyanidins contain both procyanidin and prodelphinidin units with gallocatechin being particularly abundant in terminal units. Prodelphinidin units predominated in the extended chains and were the major components of all tannin fractions. For total extract (fraction I), gallocatechin represented 56.1% of the terminal units, whereas 81.9% of the extension units consisted of prodelphinidin units. The total extract showed mDP of 12.2, with 81.2% of prodelphinidins. The average degree of polymerization (mDP) calculated from thioacidolylsis data increased from 4.5 in fraction I-1 to 31.6 in fraction I-6 (slightly decreased to 28.5 in the last one), as expected from its exclusion from Sephadex LH20. The proportion of prodelphinidins increased significantly from 51.4% (fraction I-1) to 84.6% (fraction I-3), then remained 87% from fraction I-4 to fraction I-7) 

The proportion of fraction I1-I7 was evaluated as weight relative frequency in the percentage of fraction I. The proanthocyanidin with mDP 9.1, 13.2 and 17.0 represented the three major clusters. The distribution not only was centered on the mean but also was unimodal, as shown in Table 1. As a consequence, the estimated mDP (12.2) and proportion of prodelphinidins (81.2 %) of the total extract (fraction I) represented the major class in the proanthocyanidin sample studied.

In summary, water-acetone (3:7) extract of sea buckthorn (Hippophae rhamnoides) seeds was separated by Sephadex LH-20 column chromatography into nine fractions. The most active fractions by DPPH. analysis were found to contain monomeric, oligomeric and polymeric proanthocyanidin with degree of polymerisation ranging from 4.5–31.6, respectively. This is the first time it is being reported that sea buckthorn proanthocyanidins are constituted with mixed procyanidin-prodelphindin structures and pure gallocatechin oligomers, in addition to the well-known procyanidins. It was also showed that gallocatechin, epigallocatechin, catechin and epicatechin were the major constitutive units of sea buckthorn seed proanthocyanidin. Prodelphinidin units predominated in the extended chains and were the major components of all tannin fractions while gallocatechin was particularly abundant in terminal units. Plant proanthocyanidins, known as the functional food factors, have attracted increasing attention recently, due to the rapidly growing volume of evidence associating these compounds with a wide range of potential health benefits such as antioxidant, antimicrobial, anti-allergy, hair-growth promotion, anti-caries, anti-hypertensive and inhibition against activities of some enzymes and receptors. Further, these groups of compounds are associated with potential cardiovascular benefits, including the reduction of platelet aggregation, and reduction of tumor multiplicity in laboratory mice (27).
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Figure 1. Scheme of preparation of antioxidant compounds from sea buckthorn seed and yields of fractions separated by Sephadex LH-20 column chromatography 

Figure 2. Concentration of the antioxidant necessary of reduce by 50% the oxidation (EC50) as determined by DPPH (values are means of triplicate determinations. Standard deviations are given in brackets).

Figure 3. TLC chromatogram of fraction G and H. 

Figure 4. HPLC chromatogram of fraction G and H of sea buckthorn seed obtained by Sephadex LH-20 column chromatography at 280 nm. Peak numbers are referenced to table 2

Figure 5. Mass fragmentation pattern of proanthocyanidins under ESI-MS in negative mode: (a)  (b)  (c) (d)

Figure 6. HPLC chromatogram of thiolysis media of sea buckthorn proanthocyanidins (fraction I-5) detected at 280 nm. Peaks A-G were identified with the aid of ESI-MS, and their mass fragmentation pattern are showed in Fig 7

Figure 7. Mass fragmentation pattern of components in the thiolysis media of sea buckthorn proanthocyanidins 

Table 1. Solvent systems and elution volumes used to fractionate sea buckthorn seed proanthocyanidins

Table 2. Compounds identified in the oligomeric proanthocyanidin fraction of sea buckthorn seed obtained by Sephadex LH-20 column chromatography 

Table 3. Structural composition and characteristics of sea buckthorn seed proanthocyanidin fractions determined by HPLC following thioacidolysis degradation

TABLE 1-3

Table 1. Solvent systems used to fractionate sea buckthorn seed proanthocyanidins and yields of fractions 

	Solvent systema
(v/v)
	Volume 

 (ml)
	Yield

 (%)
	Fraction

	90% ethanol (v/v)
	1000
	6.4
	I-1

	10% acetone, 80%ethanol
	1200
	25.4
	I-2

	20% acetone, 65%ethanol
	1000
	30.3
	I-3

	30% acetone, 50%ethanol
	1000
	19.3
	I-4

	40% acetone, 35%ethanol
	1000
	6.2
	I-5

	50% acetone, 15%ethanol
	1100
	8.8
	I-6

	60% acetone
	1500
	2.0
	I-7


aSolvents consisted of water and 0.2% acetic acid (v/v) 

Table 2. Compounds identified in the oligomeric proanthocyanidin fraction of sea buckthorn seed obtained by Sephadex LH-20 column chromatography

	peak no.
	tR
(min)
	[M-H]-
(m/z)
	fragments

(m/z)
	Compound

	1
	10.3
	609
	441, 305
	(triOH)2

	2
	11.1
	609
	441, 305
	(triOH)2

	3
	12.4
	593
	425, 289
	triOHtop-diOHbase

	4
	13.0
	593
	441, 305
	diOHtop-triOHbase

	5
	13.3
	593
	441,305,
	diOHtop-triOHbase

	6
	14.2
	593
	441, 305
	diOHtop-triOHbase

	7
	14.5
	577
	425, 289.
	(diOH)2

	8
	15.2
	577
	425, 289.
	(diOH)2

	9
	16.5
	577
	425, 289.
	(diOH)2


Table 3.  Structural composition and characteristics of sea buckthorn seed proanthocyanidin fractions determined by HPLC following thioacidolysis degradationa

	Fraction
	Terminal units
	
	Extension units
	mDP
	Prodelphinidins

(%)

	
	GC
	EGC
	Cat
	EC
	
	GC+EGC
	Cat
	EC
	
	

	I-1
	8.2
	3.3
	8.1
	2.7
	
	39.9
	27.3
	10.6
	4.5
	51.4

	I-2
	5.7
	1.6
	2.7
	1.1
	
	61.9
	19.7
	7.3
	9.1
	69.2

	I-3
	4.2
	1.8
	1.1
	0.5
	
	78.6
	12.1
	1.8
	13.2
	84.6

	I-4
	3.8
	1.2
	0.7
	0.3
	
	82.5
	10.6
	1.1
	17.0
	87.4

	I-5
	2.1
	0.9
	0.6
	0.2
	
	85.5
	9.9
	0.9
	26.8
	88.5

	I-6
	1.8
	0.6
	0.5
	0.2
	
	85.2
	10.6
	1.0
	31.6
	87.7

	I-7
	2.1
	0.7
	0.5
	0.2
	
	85.1
	10.5
	0.9
	28.5
	87.9

	Total extract
	4.6
	1.3
	1.6
	0.7
	
	75.2
	13.7
	2.9
	12.2
	81.2


a GC, EGC, Cat, EC are the abbreviations for gallocatechin, epigallocatechin, catechin and epicatechin units. All amounts represent relative concentrations (in mol).
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Figure 1. Scheme of preparation of antioxidant compounds from sea buckthorn seeds and yields of fractions separated by Sephadex LH-20 column chromatography
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Figure 2. Concentration of the antioxidant necessary of reduce by 50% the oxidation (EC50) as determined by DPPH. . Measurement was carried out in triplicate. Means and standard deviation are indicated. 
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Figure 3. TLC chromatogram of fraction G, H and I
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Figure 4. HPLC chromatogram of fraction H of sea buckthorn seed obtained by Sephadex LH-20 column chromatography at 280 nm. Peak numbers are referenced to table 2
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Figure 5. Mass fragmentation pattern of proanthocyanidins under ESI-MS in negative mode: (a) (diOH)2, (b)diOHtop-triOHbase, (c) triOHtop-diOH base, (d) (triOH)2.      
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Figure 6. HPLC chromatogram of thiolysis media of sea buckthorn proanthocyanidins (fraction I-5) detected at 280 nm. (a) fraction I; (b) procyanidin B3. Peaks 1-10 were identified with the aid of ESI-MS, and their mass fragmentation pattern are showed in Fig 7
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Figure 7. Mass fragmentation pattern of components in the thiolysis media of sea buckthorn proanthocyanidins 
(a)  (epi)catecin (b) (epi)gallocatechin (c) (epi)catechin benzylthioether  (d) (epi)gallocatechin benzylthioether
The Study of Seabuckthorn Extraction that can lower the level of blood sugar of trtroxide pyrimidine diabetes mice
Yuansheng Zhou, Yong Lie, Yue Wang and Hongzhi Wang

HeBei ShengXing Academe of Seabuckthorn

Abstract:

      After feed trtroxide pyrimidine diabetes mice with seabuckthorn extraction (1.8g/kg) 7days, mensurate the change of level of blood sugar in limosis mice, using the xiaokewan(traditional Chinese medicine) as a positive control group. The result indicate that seabuckthorn extraction has the effect which can lower the level of blood sugar of trtroxide pyrimidine diabetes mice, comparing with control group, the difference is obviously (P<0.01). 

Key word:  Seabuckthorn; Mice; Lower the level of blood sugar.

     Seabuckthorn contain many bio-active components [1,2],  more than 10 years research indicate that seabuckthorn extraction can lower the serum cholesterol, block the aggregation of hematoblast, enhance the immune ability, it also has anti-anoxemia of cardiac muscle, anti-arrhythmia, anti-radiation, anti-oxidation, anti-senescence functions. Till now there is no report ever discusses the seabuckthorn extraction has the effect of level of blood sugar. This study carries out the experiment about the effect on which seabuckthorn extraction can lower the level of blood sugar and its toxicity test. The result is as following;

1. Material
Seabuckthorn Extraction:    HeBei ShengXing Academe of Seabuckthorn

Xiaokewan:  guanzhou No1. Pharmaceutical Factory: Serial number: 040615

trtroxide pyrimidine: shanghai chemical reagent factory serial number: F20030309

Blood sugar meter:  Tokyo, Japan TypeII blood sugar meter.

Kunming type mice: ♀♂, weight 22+-2g, Animal Center of Hebei Medical University

2. Method and Result

2.1 The influence of blood sugar on trtroxide pyrimidine diabetes mice

70 nomal mice (weight 22+-2g), random pick 10 mice as control group, the rest 60 mice were injected with trtroxide pyrimidine 70mg/kg twice (every other day) from vein of tail, 72h later, measure the blood sugar level of limosis mice, pick 50 mice which blood sugar concentration higher than 18mmol/L for the next test. The qualified 50 mice were divided into 5 groups, 10 for each group (difference of blood sugar concentration between each mice should be less than 0.65mmol/L), all the groups were named as model group, xiaokewan group, low concentration extraction group, medium concentration extraction group and high concentration extraction group separately. All the test groups were feed to extraction through stomach, continuous 7 days, the control group was feed to same amount of water, before the last feed, all the mice keep limosis 5h and measure the blood sugar level after feed 2h. The result are listed in table 1.

Table 1. The influence of Seabuckthorn Extraction to the level of blood sugar of trtroxide pyrimidine diabetes mice

	Group
	extraction amount (mg/Kg)
	Animal number(n)
	Average value of blood sugar (mmol/L)

	control
	
	10
	7.12+-1.25

	model
	
	10
	21.53+-3.25###

	xiaokewan
	1500
	10
	15.25+-4.28**

	Extraction low
	900
	10
	15.38+-3.82**

	Extraction medium
	1800
	10
	10.8+-2.12**

	Extraction high
	3600
	10
	10.2+-3.32**


Compare with control group, ###P<0.001

Compare with model group, **P<0.01

2.2 The influence of Seabuckthorn Extraction to the amount of feeding water and food of trtroxide pyrimidine diabetes mice.

Start to measure the amount of feeding water and food in 5th day, keep measure 2 days, the result is in table 2. 

Table 2. The influence of Seabuckthorn Extraction to the amount of feeding water and food of trtroxide pyrimidine diabetes mice.

	Group
	extraction amount (mg/Kg)
	Animal number(n)
	The amount of feeding water in 24h (ml)
	The amount of feeding food in 24h  (ml)

	control
	
	10
	250
	52

	model
	
	10
	358
	87

	xiaokewan
	1500
	10
	291
	61

	Extraction low
	900
	10
	293
	65

	Extraction medium
	1800
	10
	260
	56

	Extraction high
	3600
	10
	262
	55


2.3 Observation.

      All the 60 mice were injected trtroxide pyrimidine, the 1st day all of them were normal. 2nd day, the amount of feeding water, food and urine increased; after 5th day, the amount of feeding water and urine of all Seabuckthorn Extraction groups go back to normal, but the amount of feeding water and urine of model group keep increase and their skin became pallid.

2.4 toxicity test

Pick 20 mice, weight 20-22g, half ♀ and half ♂, feeding the Seabuckthorn extraction base on 0.4ml/10g, twice in 24 hours, one week later, all of  them are in good condition, no death, the test shows that there is no toxicity effect if  the feeding level is less than 18g/kg.

3. Discussion

3.1 trtroxide pyrimidine is a special kinds of β cell toxicant, it can selectively cause damage of pancreas β cell of many different animals and cause diabetes. This study indicate that seabuckthorn extraction has the effect which can lower the level of blood sugar of trtroxide pyrimidine diabetes mice, comparing with xiaokewan group, the difference is obviously. 

3.2 Seabuckthorn extraction is safe and it’s curative effect is better than xiaokewan. This study indicate that Seabuckthorn is a potential candidate of development of new drugs, and more research are waiting for carry out in the future. 

Extraction and Physico-chemical properties of Seabuckthorn oil from cold deserts of Himalaya
T. Parimelazhagan* and Zakwan Ahmed
Division of Medicinal & Aromatic Plants , Field Research Laboratory 

Defence Research & Development Organization, C/o 56 APO - India
Abstract

Seabuckthorn oil is one of the imperative product obtained from the seabuckthorn seed and pulp is now commercially very important. Ladakh is unique in many respects for its geo climatic conditions, like high altitude, extremely cold and dry weather. The plants are known to respond to such extremes by synthesizing phytochemicals to fight the adversities for their survival and therefore plants surviving in Ladakh may have unique chemical composition as compared to those grown elsewhere. The physico-chemical parameters of the oil are also a major factor in effectiveness. Physico chemical components of Seabuckthorn oil of different origin is lacking. No compositional data of oil of Hippophae rhamnoides from Ladakh region has been reported. Therefore, the present study has taken up to analyze the physico-chemical parameters because of their nutritional importance. The observations indicated that the recovery of the Seabuckthorn oil from this region is high. Results revealed that pulp (without juice extracted) comprised the highest level of oil 22 percent compared to that of pulp (juice extracted). Seed contained 10 percent of oil.  The maximum oil recovery was observed in the n-Hexane extraction. The total content of carotenoids and Vitamin E in the seed and pulp oil were estimated. The results indicate that the oils from the seed and pulp have identical quality except in Carotenoids and Vitamin E (tocopherol) content. The excellent combination of the highest content of carotenoids and Vitamin E makes valuable oil in the commercial market. Results of these studies will be discussed.

1. Introduction


Seabuckthorn (Hippophae rhamnoides L.) is a thorny bush flourishing where other plants perish. It produces berries which have long been recognized to be rich in valuable health
 Corresponding author:Telefax: +91- 01982-252096 , E-mail address
:drparimel@movemail.com
promoting compounds. Seabuckthorn plants naturally growing in Ladakh regions of Jammu and Kashmir are known as tasru – wonder plant. Seabuckthorn fruits are rich in carbohydrates, protein, organic acids, amino acids and vitamins (Alam Zeb, 2004). In recent years, seabuckthorn has become an important raw material of health products and cosmetics, especially in China and Russia. This exploitation is based on more than one thousand years application in Tibetan, Mongolian and Chinese traditional medicines (Xu et al., 1994). In Himalayan belts this plant is abundantly growing wild. Not much attention has been paid to this plant except for creation of awareness by the scientists of Field Research Laboratory (DRDO), Leh.  Seabuckthorn is known as an unique source of high valued oils. The oil of seabuckthorn has general nourishing, revitalizing, and restorative action. It can be used for acne, dermatitis, irritated, dry, itching skin, sore skin, skin ulcers, burns, scalds, cuts and tissue regeneration. Seabuckthorn oil effectively combats wrinkles, dryness and other symptoms of malnourished or prematurely aging skin and is utilized in anti aging skin creams and lotions (Lanev et al., 1995; Zhou Yuanpeng, 1998; Xing, 2002).  All these beneficial compounds are derived from the berry of the seabuckthorn bush, which originally grew in the harsh climate of the Himalayan Mountains but has now spread all over the world.


 Ladakh is unique in many respects for its geo-climatic conditions, like high elevation, extremely cold and dry weather, are extremes by any standard. The plants are known to respond to such extremes by synthesizing phytochemicals to fight the adversities for their survival and therefore plants surviving in Ladakh may have unique chemical composition as compared to those grown elsewhere. The physico-chemical parameters of the oil are also a major factor in effectiveness. Physico chemical components of Seabuckthorn oil of different origin is lacking. No compositional data of oil of Hippophae rhamnoides from Ladakh region has been reported. Therefore, the present study has taken up to analyze the physico-chemical parameters because of their nutritional importance.

2. Methods

2.1  Materials
Berries of Hippophae rhamnoides were collected from four different locations of Ladakh region and stored at -200C. Seeds were separated from frozen berries by pressing the juice and residues were dried at room temperature and seeds were separated. After separating the seeds, the pulp portion were also dried (Pomace) and used for oil extraction.

2.2  Extraction of oil

Samples (500g) of dried seed and pulp (powdered form) were taken into the soxhlet apparatus. A piece of cotton is placed at the top and bottom of the apparatus to evenly distribute the solvent as it drops on the sample during extraction.

Extraction was carried out with n-Hexane and Petroleum ether separately for 6 hours without interruption by heating around 60 to 700C. After the extraction over, solvent was evaporated on the Buchi –Rotavapor until no odour of solvent remains and finally oil was collected in a separate beaker for further analysis.

2.3  Physico-chemical characteristics of oil
Physico-chemical properties were analyzed according to standard methods (AOCS, 1995). Carotenoids were determined by the method of Mironov (1989). Statistical analysis of the results was carried out and expressed as mean + SE.

3. Results and discussion

The oil present in the Seabuckthorn berries has been the focus of investigation and product development for quite sometime. One of the many special features of Seabuckthorn is the exceptionally high oil content in the fruit pulp as well as seed (Parimelazhagan et al., 2005). The oil content of seeds and pulps are showed in Fig. 1. It is observed that pulp (without juice extract) comprised the highest level of oil 22 percent compared to that of pulp (juice extracted). Seed contained 10 percent of oil. In this experiment, n-Hexane and Petroleum ether were used for oil extraction and results revealed that the average recovery of the oil content is highest in n-Hexane extraction when compared to Petroleum ether (Fig. 1). The results also clearly indicate that the recovery of the Seabuckthorn oil from this region is high when compared to previous studies (Alam Zeb, 2004; Kallio et al., 2002).  It has been suggested that the n-Hexane solvent can be espouse for Seabuckthorn oil extraction. 


Seabuckthorn seed oil is an excellent source of essential fatty acids, making up approximately 70 percent of its composition. It is used for application of cell anti-ageing, enhancement of microcirculation, antioxidant protection, epidermal regeneration, anti-inflammation, natural UV blocking and sun screen cosmetics. Seabuckthorn oil is traditionally used in the treatment of gastric ulcers, and laboratory studies confirm the efficacy of the seed oil for this application (Zhou Yuanpeng, 1998; Xing, 2002).


Seabuckthorn seed and pulp oils were analysed for different characteristics and are shown in Table 1. The results indicate that the oils from the seed and pulp have identical quality except in Carotenoids and Vitamin E (tocopherol) content. In the present study, it was observed that among the seed and pulp oil assayed for their Vitamin E content, the seed oil exhibited high content than the pulp oil. The most important phytonutrients of health significance are tocopherols, present in the Seabuckthorn oil in exceptionally high concentration, that also are subject to significant variation due to geo climatic conditions. 


Refractive Index and optical rotation are very stable parameters and should be used for checking the identity of oils. In this experiment, Acid and peroxidase values of both the oils were estimated (Table 1) and results revealed that values are reasonable according to quality parameters. 

These two parameters can be helpful to ensure quality of products.  Our results agree with data from other sources of literature (Lu, 1993; Mironov, 1989; Zhang, 1989; Bernath and Foldesi, 1992). However, a thorough investigation must be focused on selection of sub species, agro climatic conditions, harvesting time to obtain maximum yield of Seabuckthorn oil and higher level of phytonutrients.

4. Conclusion

Seabuckthorn grown wild in Ladakh under the waste and degraded land conditions. It is well known that plants under stress respond with biosynthesis of phytochemicals to enable them to adapt to the environment. As regards to Seabuckthorn, very limited phytochemical work has been reported from India. The FRL of DRDO in Leh has initiated a research work to develop products from Seabuckthorn oil for the people surviving in diverse climatic conditions. Since seabuckthorn has been used since ancient times in common medicines for curing many diseases affecting humans and other animals, the commercialization of seabuckthorn based nutritious products would be a great achievement in alternative nutritional diet sources.
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                                            Fig. 1. Percentage of oil extracted from Seabuckthorn seed and pulp

Table 1   Physico-chemical properties of Seabuckthorn oil

	Parameters


	Pulp oil
	Seed oil

	Refractive Index


	1.46 + 0.002
	1.41 + 0.017

	Optical rotation


	2.10 + 0.05
	2.14 + 0.065

	Acid value


	8.80 + 0.14
	10.0 + 0.235

	Peroxidase value (meq O2 / kg)


	1.36 + 0.02
	1.42 + 0.038

	Carotenoids (mg/ 100g)


	228.1+ 2.5
	47.15 + 2.38

	Vitamin E (mg/ 100g)


	146.2 + 1.5
	185.5 + 1.21


All the values are mean + SE
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Introduction

Sea buckthorn berries are an important source for essential food ingredients, like vitamins and lipophilic substances. On the other side SBT from wild grown cultures or from orchards serves as raw material for food industry, pharmacy and cosmetic production.

The main methods for processing of SBT are generally consistent. After harvest berries are washed, cleaned from soil and other substances and then separated into juice and pomace and furthermore oil can be separated by centrifugation. Normally the residue, containing the hulls and kernels and a minor fraction of pulp is used to produce seed oil. This can be achieved in different manners. Extraction with solvents also supercritical fluids as well as conventional pressing is used. The pressing process is not very efficient. Oil residues can amount up to 5% and extraction with solvents is sometimes undesired. In EU countries a growing number of consumers do not accept the use of ‘chemicals’ in food processing. They expect eco-products.

This work was carried out to use enzymatic techniques to deliberate the oil from the kernels. Therefore we used dried pomace that was separated by wind triage. Pure kernels without adhering pulp were used for the experiments. The aim was to liquefy the grinded kernels by use of enzymes. 

Experimental methods 

Samples of SBT kernels were analysed regarding there general composition. Main components like starch, pectin, proteins and lipids were quantified. The samples of Sea buckthorn seed were grinded up to a dimension below 0.4 mm. The flour was suspended in water in different ratios, normally 1:4 (v/v) to 1:5 (v/v) and adjusted to pH 4.5 – the normal pH of SBT juice. After this solutions of enzymes in a maximum of 2% were added and incubated for 2 – 6 hours at about 50 °C. The enzymes in the slurry were inactivated by acid addition or thermal treatment and analysis were carried out using standard methods. Free fatty acids – formation during fermentation is a main problem – were removed by extraction with sodium carbonate solution. 

Results

The general composition of the kernels is given in Table 1.

Table 1 Chemical composition of SBT seed in comparison

	Parameter

in %
	SBT, total
	SBT, without hull
	SBT, hull
	Elderberry seed

	Dry matter
	89,72 
	93,40
	89,92
	93,43

	Water
	10,28
	6,60
	10,08
	6,57

	Protein
	5,98
	14,17
	3,58
	6,88

	Starch
	2,17
	/
	/
	/

	Cellulose
	25,79
	16,89
	25,97
	25,92

	Pectin
	3,23
	/
	/
	2,89

	Total carbohydrates
	2,80
	2,68
	1,04
	1,43

	Minerals
	1,52
	2,47
	1,00
	/

	Pentosan
	25,12
	/
	/
	12,86


The results indicates that the structure of the kernels is characterised by a high amount of  fibre substances like cellulose and pentosan. The enzymes necessary to hydrolyze such structures should have a cellolytic as well as pentosanase activity. Therefore we used the industrial enzymes shown in Table 2. In general we can establish that only combined enzymes give an acceptable disposal of oil. The pure enzymes can only be applied successfully when used in combination. The normal situation in industrial enzymes is, that mixtures are sold. This is one the one side on of the great advantages but on the other also a great problem. Lipolytic activities results in a formation of free fatty acids. This has to been taken into consideration when designing an enzymatic method. The resulting fatty acid composition of the oil is given in 
	Figure 1Fatty acid composition of SBT oils
	Figure 2 Oil bodies [from FRANDSEN 2001]

	[image: image48]
	[image: image49]



. The fatty acid composition agrees with the known composition.

Table 2 Enzymes used for SBT kernel hydrolysis – cleaned up enzymes

	Nr.
	Producer , product
	main- and side activity

	1
	ASA, Protease N-01
	Protease

	2
	ASA, saure Protease*
	Protease

	3
	Extract Chemie, Protease EC
	Protease

	4
	Sternenzym SC
	Cellulase, misc. side activities

	5
	Biopract, Cellupract AL 70 
	Cellulase, misc. side activities

	6
	Extrakt Chemie,CellulaseEC
	Cellulase, misc. side activities

	7
	ASA, Cellulase TXL
	Cellulase, Hemicellulase

	8
	Extrakt Chemie

Hemicellulase EC 
	Endo-1,4-(-D-Xylanase

	9
	AB Enzym, RohapectVR-C
	Pectinase

	10
	DSM,Klerezym colorL  120
	Pectinase, Protease

	11
	DSM, Rapidase TF
	Pectinase

Hemicellulase/Cellulase


Table 3 Enzymes used for SBT kernel hydrolysis – combined enzymes

	Producer , product
	main- and side activity

	Sternzym SC
	Main: Cellulase (kristallin)

Side:

Polysaccharase, Xylanase, Avicelase,  pectinase, (-Glucosidase, CMC-ase, Protease

	ASA,
Cellulase TXL
	Main: Cellulase, high C1-activity, (for (-1,4 cleavage)

Side: 

Hemicellulase, Xylanase

	Biopract,
Cellupract AL 70
	Cellulase
CM-case 
(-Glucanase 
Xylanase 


The studies focused on the exact composition of the cell membranes and the possible ways to hydrolyse it. We found that the high amount of cellulose and pectin as well as pentosan brings up a technological problem. Only in combination with high amounts of enzymes and this is inefficient, an acceptable output of free oil is achieved. The oil in the seed is compartmented in oil bodies Figure 2. The complex structure gives the explanation for the difficult hydrolysis and separation. A total break up of this structure was not possible within this study. The achieved hydrolysis leads to a partial deliberation of the oil. The yield was about 10 %, compared with the total 15% that are 2/3rd. The oil is separated in a foamy layer and can be separated from this by centrifugation. We observed that the remixing of both layers is very easily done. This might be a result of the great amount of phospholipids found in the oil . The second interesting fact is the finding that oil is bound to residual particles from the cell wall. It is well known that pectines have lipophilic domains that can act as an acceptor for lipids.
	Figure 1Fatty acid composition of SBT oils
	Figure 2 Oil bodies [from FRANDSEN 2001]
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	Figure 3 Phospholipids from kernel oil
	Figure 4 Oil separation optimisation
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For optimisation of the process a special chemical composition are selected by parameters, in order to adapt the polarity after desired product categories. Single-step extraction method and also multi-level procedures have been drawn in closer view. Figure 4 shows the great differences achieved by different enzymes and conditions.

Conclusion

The enzymatic processing is a possible way to yield seed oil without application of critical “chemicals”. The results found in that study testify that an acceptable efficiency can be achieved under optimized conditions. The main problem is the cost effectiveness caused by the high prices for the enzymes. This is strongly influenced by the spreading of the method. If applied in wide fields the costs also will become acceptable. There are a few supporting arguments:

· No oxidative stress

· No important differences in composition compared with conventional products

· Higher yield in phospholipids and phytosteroles

But there also a few arguments against the application of enzymes, such as:

· Cost efficiency

· Relatively time expensive process

· A need in process water optimization

· No quantitative oil recovery

All at all this might be a novel technique useful for oil production from seeds of SBT. But further developments are necessary to optimize the technology.
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Abstract
One of the most valuable processing products from sea buckthorn berries is freshly pressed juice. The main problem is the possibility to prolong its storage time.

The aim of this study is to investigate the storage possibilities of juices from different sea buckthorn cultivars depending on the added sweetener.

The research was carried out at the Processing Center of Dobele Horticultural Plant Breeding Experimental Station. The following 6 sea buckthorn cultivars adapted to Latvian climate were tested: ‘Avgustinka’, ‘Botanicheskaya Lubitelskaya’, ‘Luchistaya’, ‘Prozrachnaya’, ‘Syurpriz Pribaltiki’ and ‘Trofimovskaya’. The used sweeteners were sugar and syrup of fructose.

The juices were stored at temperature +4 ±2oC in a refrigerator. The analyses were carried out after every 24 hours during storage time.

MAFA (amount of mesophylic aerobic and facultative anaerobic microorganisms), yeasts and moulds were determined. 

Microbial level was detected by using ISO 7954 standard methods.

As a result of these studies the more suitable juice for making drinks was found to be juice from the cultivar ‘Prozrachnaya’ by adding fructose as a sweetener. The optimal storage time of freshly pressed juice from sea buckthorn berries was 7 days at +4 ±2oC temperature.

Introduction 

Sea buckthorn due to their abundant content of biologically active compounds is adding to high valuable phytoproduct and is used both in folks and scientific medicine (Артёмова, 2001; Жулева, Черенок, 2003). Biochemical content of berries depends on cultivar, growing site, climate, harvesting time and other factors. Flesh of sea buckthorn berries contains diverse complex of vitamins – A, B, C, E, F, K, P; mineral substances – sodium salts, potassium, calcium; sugars; organic acids; pectins and tannins; triterpenoids, phospholipids, cumarin, catechins, leucoanthocyans, flavonols; alcaloid serotonin, as well as unsaturated fatty acids and other compounds (Baltess, 1998; Beveridge et al., 1999; Артёмова, 2001; Жулева, Черенок, 2003). Functional activity of these biologically active compounds is characteristic for fresh berries, leaves, young shoots, bark and also for processing products – juice, extracts, concentrates, dryed and other products. 

Beverages are considered to be as an optimal kind of food used in the menu of every person (Beveridge et al., 1999; Мудрецова-Висс et al., 2001). Sea buckthorn juice acts against several pathogens in human body, as well as stimulates the secretion of ferments and gall. It was demonstrated by the experiments with animals that juice stimulates accelerated growing, increasing of hemoglobin, total protein and phospholipid level. It is proved experimentally that sea buckthorn juice has a possibility to slow down dystrophic ad necrotic processes in tissues of liver in the cases of hepatitis (Артёмова, 2001). 

Concept of functional food was inculcated in Japan in 1980ies, when the authorities of health system concluded that finances of health care have to be controlled, especially in the society with a large amount of old people, diet determines the quality of life and eliminates risk factors to fall ill with wide-spread diseases. The idea that food is medicine was said by Hypocrat, and this principle was the leitmotif of Chinese, Japanese and Korean medicine for centuries. Today functional food is defined as a part of common diet, which contains biologically active substances with proved effect on risk factors of some diseases (IFIC Foundation, 2002; Зуев, 2004). To co-ordinate research and to introduce a united concept of functional food, the organization FUFOSE (Functional Food Science in Europe) was founded in Europe, which supports research of food in the programme. It was focused in many international conferences, that the amount of health promoting products will continue to grow and they will have a large market potential (ECC Research, 2000; IFIC Foundation, 2002). For example, the volume of functional food has increased 350 times in France during last years, the market value of these products is calculated to about 8-9 milliards dollars, and the production of such products is one of strategies tasks in the USA (Зуев, 2004). However, besides the studies of functional food, it is necessary to control the safety of it (ECC Research, 2000; IFIC Foundation, 2002).

One of the indicators of food safety is the level of microbial contamination, which has to follow the definite requirements: “Regulations of admissible quotas of microbial contamination in food and its raw material”, issued by the Latvian Cabinet of Ministers.

Yeasts, mould fungi and bacteria mostly cause losses of food quality. Yeasts develop in acid and carbohydrate containing environments. Also mould develops on environment rich in carbohydrates. It is found mostly on fruits and berries in nature, and the products obtained from them are specially endangered. The optimal temperature for yeast growth is 25o C. Keeping of products in cold at 0o to +6o C temperature, the greater part of chemical and fermentative reactions continue still so slowly, that keeping without losses of quality is possible from several days till several month (Baltess, 1998). According to regulations of the Cabinet of Ministers (Latvia) the amount of mesophilic aerobic and optional anaerobic (MAFA) microorganisms are not allowed more than 50x103 CFU (colony forming units), the amount of yeasts and moulds are not allowed more that 100 CFU in 1 gram. 

The content of microflora of berry crops depends on different factors: cultivar, growing site, harvesting time and type, as well as transportation. The degree of maturity of berries plays an important role. The keeping time of fresh sea buckthorn juice is sweetened with sugar; the natural yeast in it accelerates spoiling of juice and shortens the keeping time, which is controlled by testing the level of microbial contamination. 

The aim of this study was:

1. To clear which added sweetener – syrup of fructose - extend the keeping time of juice;

2. Do differences exist in this aspect among the sea buckthorn cultivars used in the making of juice?

Material and Methods

Research was done at the processing center of Dobele HPBES in 2005. Sea buckthorn berries were harvested at the “ Baltplant” Ltd, Dobele region, Latvia, in 2004 and kept frozen at –18o C. For the study 6 cultivars: ‘Botanicheskaya Lubitelskaya’, ‘Prozrachnaya’, ‘Tromifovskaya’, ‘Sjurpriz Pribaltiki’, ‘Avgustinka’ and ‘Luchistaya’ were used. Frozen berries were thawed at room temperature and juice was obtained by using press “Juice Master 42.3”, and following sweeteners were added to juice: fructose syrup and sugar. The level of juice sweetness by refractometer was 13-15 Brixo, and juice was kept at the temperature +2o to +4o C. Analyses were carried out after every 24 hours by determining MAFA and total yeasts and moulds colony-forming units using ISO 7954 standard methods. Duration of the experiment was 12 days.

The data were analyzed statistically by using SPSS for Windows.

Results

To verify the hypothesis of this study: does the amount of the yeasts and moulds and MAFA depend on added sweetener, keeping time and cultivar of sea buckthorn. The data were analyzed by Multifactor Analysis of Variance.

With the probability of 95% it could be concluded that factor “sweetener” separately is not essential, but factors “keeping time” and “cultivar” are essential. However the keeping time of sea buckthorn depended on all the determined factors together. With the probability of 95% it could be concluded that interaction of two factors: “keeping time * cultivar”, “keeping time * sweetener”, “sweetener * cultivar” and interaction of all three factors: “sweetener * keeping time * cultivar” were essential. Analyzing connections among these factors it could be concluded that statistically important correlation exists. With the probability of 99% there is:

· A close positive correlation among MAFA and “yeasts and moulds” (r = 0.890);

· A medium close positive correlation between MAFA and “keeping time” (r = 0.697);

· A medium close positive correlation between “yeasts and moulds” and “keeping time”    (r = 0.557).

With the probability of 95% a week negative correlation was observed among “yeasts and moulds” and “sweetener” (r = 0.148).

After the determination of MAFA amount in the juice, depending on keeping time and cultivar, it was concluded that with sweetener – syrup of fructose - the smallest amount of microorganisms was found in the cultivars ‘Prozrachnaya’, ‘Trofimovskaya’ and ‘Luchistaya’ during the first four days (in medium correspondingly 87.7; 113 and 72 CFU) (Fig.1). However, the cultivar ‘Sjurpriz Pribaltiki’ had the highest amount of microorganisms, which showed on the first keeping day and came to 375 CFU. It can be explained by the degree of maturity, as well as by the amount of carbohydrates in the berries, which promotes the development of microorganisms. Since the harvesting time of samples was not considered for each cultivar individually, and the cultivars chosen have different time of maturity, it was concluded that, acquisition of qualitative raw material for obtaining natural juices, depends on degree of maturity of each cultivar. With the probability of 95% (r = 0.278) it could be concluded that the sweetener added in the first day did not significantly influenced the amount of MAFA in the samples (Fig.2). However it differed significantly in the next days: the amount of MAFA in the juice with syrup of fructose increased slower than in the juice with sugar. Syrup of fructose was pasteurized before adding to the juice, but sugar was added in a dry form, promoting the development of microorganisms.

Determining the amount of colony forming units of yeast and moulds in sea buckthorn juice depending on the cultivar and the keeping time, it is possible to conclude that with the sweetener – syrup of fructose – in the first keeping day only cultivar ‘Sjurpriz Pribaltiki’ shows medium amount of CFU.

During the next 6 days the amount of CFU of yeasts and moulds was not found in the cultivars ‘Trofimovskaya’ and ‘Prozrachnaya’, but in the cultivar ‘Luchistaya’ – in average 1.5 CFU (Fig.3). As widely known, the level of microbial contamination depends on different growing conditions as well as on the cultivar. As a result of this study it could be concluded that cultivar ‘Sjurpriz Pribaltiki’ has a low resistance to spoilage by some microorganisms. Using sugar as a sweetener, the cultivars ‘Prozrachnaya’, ‘Trofimovskaya’, and ‘Luchistaya’ also showed the lowest amount of CFU of yeasts and moulds in average 9; 12.6 and 16 correspondingly.

[image: image87.bmp]Comparing both sweeteners used in this study it was found that amount of CFU of yeasts and moulds in the first seven keeping days was smaller by using syrup of fructose as a sweetener (Fig.4).

Figure 1. Amount of MAFA in juice of sea buckthorn depending on keeping time and cultivar


Figure 2. Amount of MAFA in juice of sea buckthorn depending on keeping time and sweetener


Figure 3. Amount of yeasts and moulds in juice of sea buckthorn depending on keeping time and cultivar


Figure 4. Amount of yeasts and moulds in juice of sea buckthorn depending on keeping time and sweetener 

Conclusion 

1. The best sea buckthorn cultivars for making fresh juice, considering the allowed microbial contamination, are ‘Trofimovskaya’, ‘Prozrachnaya’ and ‘Luchistaya’.

2. It is advisable to use syrup of fructose as a sweetener for making fresh juice, since it prolongs the preservation time of the juice.

3. Close positive correlation exists among MAFA and “yeasts and moulds” (r = 0.890).

4. Medium close positive correlation exists between MAFA and “keeping time” (r = 0.697).

5. Medium close positive correlation exists between “yeasts and moulds” and “keeping time” (r = 0557).
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Abstract

Seabuckthorn is multipurpose plant. Seabuckthorn fruit is reach of valued ingredients. We propose non-thermal processing on seabuckthorn oil and seedling technology by employing ultrasonic cavitation.  

Keywords  Seabuckthorn oil, seed, seedling, carotene, cavitation.
Introduction

Concentration of vitamins and other valuable ingredients in sea buckthorn fruit depends on factors such   genetics, climate, soil fertility, maturity    at   the time of harvest, post harvest handling, storage and processing. Wild seabuckthorn is widely spread in Mongolia. Seabuckthorn fruit is very popular among mongolians. They make drinks, jam and wine. Seabuckthorn oil is traditionally used in medicine. Seabuckthorn planting work in Mongolia began in 1960ies and its target was directed to research possibility of planting, utilization of its fruit and oil. Mongolian scientists have conducted many-sided research on seabuckthorn fruit utilization, planting, biochemical study etc. The object of our research projects during past 20 years was seabuckthorn fruit processing technology without waste and some equipments for pressing of fruit, drying of oil-cake, oil pressing and extraction, juice handling and storage, producing seed for sowing. We conducted experimental activities on processing seabuckthorn fruit, employing our technologies and equipments without of use of any chemicals. Our pilot enterprise used to produce juice concentrate, pure oil, dried fruit powder and seed for sowing. Our products were developed for food, healthcare, cosmetic industries, agriculture and they were in great demand. This year we started to look for time and cost efficient seabuckthorn seedling technology. 

Methods and Materials 

We have investigated process of oil   extraction from dried seabuckthorn oil cake, employing cavitation generator and pure vegetable oil solvent. The cavitation supply was provided by ultrasound (22.5 kHz). Ultrasonic processing means "blasting" liquids, in our case oil, with very intense sound at high frequency.  The process of cavitation is a "cold boiling", creation and collapse of microscopic bubbles in the liquid. Seabuckthorn oil cake is a capillary-porous body and oil is located in capillaries. Energy of bound between oil molecules and a capillary-porous body decreases toward to the center of capillaries.  A carotene content of oil located nearer to inner surface of capillaries is higher. 

During cavitation process generator permanently produces cavity bubbles. When cavity bubbles appear, implode or join together, they produce shock waves in the liquid. When pressure surrounding a bubble falls below the vapor pressure of the liquid, the bubble fills with vapor and grows explosively.  The bubble collapses violently when pressure returns.  If the collapse occurs near a boundary of capillaries, a high velocity liquid jet is formed that impacts the boundary with great force.  This process   causes a number of useful effects: a capillary vibration and broke, weakening   energy of bound, increasing oil flow out from capillaries.

    We measured optical density of extracted oil by “Beckman” DU-64 spectrophotometer.  Increase of carotene content of extracted oil is equivalent of optical density increase.

Results

Results of our experiments depending on duration of cavitation affect are shown   in Fig.1 and Table.1.  Application of cavitation process in seabuckthorn oil extracting technology enables to increase an oil yield up to 10-35%. 

Fig. 1: Comparative graphic of oil carotene content depending on duration of cavitation affect

(1 - t1=0 min, 2 - t2=3 min, 3 - t3=5 min, 4 - t4=10 min)

Table 1: Percentage of carotene content increasing depending of duration of cavitation affect

	Duration of cavitation affect (min)
	t1=0
	t2=3
	t3=5
	t4=10

	Optical Density, ρi
	0.33
	0.39
	0.36
	0.40
	0.47
	0.42
	0.38
	0.44
	0.39
	0.45
	0.52
	0.46

	Percentage of carotene content increasing,   (ρi / ρ1) x 100%
	100
	100
	100
	121
	120
	117
	115
	113
	108
	136
	133
	128


Few mounths ago we begun experiments on influence of ultrasonic cavitation on seabuckthorn seed pretreatment before sowing with the object of to study pretreated seed growth, to look for positive or negative changes caused by cavitation.   



Preliminary results of cavitation pretreatment of seed caused after 7-8 days new sowings coming up comparing to after 10-14 days coming up of control seed.  

Conclusions

Today, thermal treatment is the most common processing method for food extraction or microbial inactivation that leads to longer shelf life. Thermal treatment can cause undesirable alterations of sensory attributes, i.e. texture, flavor, color, smell, and nutritional qualities, i.e. vitamins and proteins. Ultrasound is an efficient non-thermal alternative. Application of ultrasonic cavitation enables to avoid these undesirable consequences. Ultrasonic pretreatment of seabuckthorn seed before sowing also gives positive results on growth and further vegetation of seedlings. But it is important to choose optimal duration of ultrasonic treatment because cavitation is extremely violent process.  Investigation of cavitation affect on genealogy of plant is our object for future research. It is long-term research project and we need help of experts in variety fields. So we welcome researcher, who interested in this project, to collaborate with us.
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Creating a Competitive Brand of Sea buckthorn Products from Management Point of View

Abstract

In today’s world where market economic integration and economic globalization occur, sea buckthorns’ value in environmental protection has been fully supported by governments of most countries & regions and international organizations. However, its economic value is still far from enough market recognition. People living in some areas have even never heard of it, thus not to mention a famous brand of its kind recognized and accepted in the markets. 

Although each brand has its own products, not all products can have their brands built up. Therefore only those products of high values & huge potential profits can bring brands further predominant positions and become more competitive. From management point of view, how can enterprises engaged in the business of sea buckthorns create a competitive brand of sea buckthorn products needs to be discussed in this paper.
Key Words: Management Point of View, Creating, Brand of Sea buckthorn Products, Operating Ideas
1. Common Problems Faced by the Sea buckthorn Industry

Sea buckthorns, contemporaries of the Himalayas, with the Qinghai-Tibetan Plateau as the native place, are being gradually distributed in North China and over 20 other countries in the world with Central Asia at the center, through tens of millions of years of vicissitudes. The geographic range starts from the southwestern coastal areas of England in the west to China’s Hebei Province in the east, and from the northeastern part of Norway in the north to Turkey in the southwestern part of Asian in the south; Sea buckthorns are distributed in the vast areas from 27°N to 68°50' N and from 2°E to 115°E. 

A. Irreciprocal Knowledge of Consumers about Sea buckthorns

Sea buckthorns, as contemporaries of the Himalayas and pioneer species capable of checking the wind and fixing the shifting sand, contain abundant Vitamin C, flavone as well as 11 types of microelements among the 14 types of microelements essential for human body, however, why have sea buckthorns, enjoying a high status in the eyes of experts, scholars and environmental protection workers, failed to arouse a strong resonance in the hearts of consumers? This is a question that of us must consider. Be it social distrust or consumers’ unacceptance or inadequate understanding by the social public, all these reasons are exist in reality at the present time. 

Human beings own natural sea buckthorns bestowed by the nature, however, due to various factors, esp. lack of competent people specialized in technology, market and promotion, other than “Suzuran Sajee” in the Japanese market, there is not a second competitive sea buckthorn brand in the international sea buckthorn industry. 

B. Unbalanced Regional Development

At present, sea buckthorns are only relatively better understood by consumers in Russia, Germany, Japan, Korea and North China and some other countries and regions, where related sea buckthorn products are also relatively popular. This affects the development of the sea buckthorn industry as a brand. 

C. Lacking of Competitive Sea buckthorn Brand 

Just as a brand will rejuvenate the enterprise or the country, a competitive brand is sure to boost the development of an industry and a sector. Taking a panoramic view of the existing international and domestic brands of sea buckthorn products, other than the “Suzuran Sajee” brand relatively popular in the Japanese market at present, other countries are short of influential sea buckthorn products and brands. 

In the 21st Century of today, brands play a decisive role in the consumption process, therefore, building one or more than one competitive brands symbolizes the development maturity of an industry. At present, the development of the sea buckthorn industry as a brand is still at the primary stage, with great development potentials, which are both opportunities and challenges for all sea buckthorn enterprises. 

D. Lacking of Distinguishable Promotion of Brand Strategies

At present, both international and domestic sea buckthorn enterprises are not quite successful in implementing brand strategies, and they have no systematic orientation of brand strategies; some enterprises are even somewhat opportunistic, with no clear brand planning. They act rashly and their brand promotion process becomes stagnated. 

E. Relative Backwardness of the Management System

Many sea buckthorn enterprises are gradually formed through such a development course as growing out of nothing and expanding from small to large, yet this fails to meet the demands of brand operation and development. If we say that sea buckthorn brand building determines the major development orientation of sea buckthorn enterprises concerning the strategic planning of the enterprises, then the management system will in even broader operational areas influence substantive problems in the brand management of sea buckthorn enterprises. 

At present, some experts point out that the greatest risks faced by international and domestic sea buckthorn enterprises to break the bottleneck lie not in the external environment, but in the management of the enterprises themselves. Many regard the problems as “natural disasters”, yet there are always more or less some ”man-made misfortunes” behind those problems. 
2. Market Situation of the Sea buckthorn Industry

A. Health Demand

As we enter the 21st Century, along with the recovery of global economy, and constant improvement of people’s livelihood, people’s consumption demands of healthy products are also becoming increasingly greater. But as for sea buckthorns, be it the leaves, fruits, sea buckthorn juice, sea buckthorn oil, or sea buckthorn brass, all contain abundant nutritious values and beautifying elements. Some experts and scholars predict that Sea buckthorns are “Health Bodyguards” of mankind in the 21st Century. This just directly reflects the broad prospect for market development of sea buckthorn products. According to the writer’s prediction, in the 21st century when health is put as a priority, sea buckthorn products are sure to become another new consumption favorites by the public and numerous consumers both at home and abroad. 

B. Environmental Demand

In a highly industrialized world, pollution, desertification, soil erosion and many other problems have become the common concern of the globe and in the meantime also chief problems faced by human beings. Sea buckthorns’ good vitality, aridity-resistance, capability of checking the wind and fixing the shifting sand and other powerful environmental protection values, and their public welfare characteristics not possessed by other industries are also among the advantages conducive to implementing the brand management strategy by the sea buckthorn industry. We believe if these advantages are made use of by ourselves in the actual marketing and promotion process, these “natural conditions” are sure to promote the brand development process of the sea buckthorn industry and enterprises. 

C. Market Opportunities

With highly integration of market economy and increasing global consumption demand of natural and healthy products, all sea buckthorn enterprises are provided with unprecedented opportunities. Sea buckthorn enterprises should strengthen the management and building of brands, talents and etc., master basic skills, grasp the opportunities granted by the times and implement the brand management strategy. 
3. Branding Operating Ideas of the Sea buckthorn Industry

At present among the enterprises engaged in the sea buckthorn industry, not many enterprises are capable of implementing the “Communications as the Core” strategy with adequate strength, capital and management methods. In implementing the branding operation strategy, the sea buckthorn industry must not just copy others blindly, and still less simply imitate the manipulations adopted for competitive brands; nor could they have blind faith in the method of “Scheme + Advertisement” to guarantee the success; building the brand from the management point of view is one thought or method worth trying for sea buckthorn enterprises, esp. for the above-mentioned enterprises that can’t advance their brands with the “Communications as the Core” strategy. We refer to this kind of brand building thought as “Integrated Brand Management”.
Then what specific measures shall we adopt?

First of all, determining core products. Some enterprises fail to determine the core businesses of the enterprise due to lack of complete and systematic brand-establishing strategy, so that consumers always don’t know what their core businesses are. Therefore, determining core products is the prerequisite. 

Second, formulating goals of the enterprise. The goals should be set for five to ten years at least, and should be bold and mature. In the 1960s, popularization of cars is a most explicit goal of Ford Company. Goals determined by Asahi Industry are＂Dedicated to Biological Technology and Securing Human Health＂. So far, “Suzuran Sajee” has made breakthrough successes in Japan with 41% of Japanese market shares, thus becoming the No. 1 brand in the Japanese market. Therefore, it can be seen that an enterprise needs a core concept of value.

Third, establishing a corporate Identity system. Are employees aware of the long-term goals of their own enterprise? Do the suppliers or dealers know what kind of company  they are dealing with? What is the image of the enterprise in the eyes of customers? If the enterprise fails to answer these questions, then CI need be conducted. 

Fourth, establishing Consumption Relationship. When the enterprise is facing many consumers, the relationship between product brands and consumers should be determined first, including brand influence, values recognized by consumers, values identified by manufacturers and etc. 

Fifth, formulating brand strategy. Explicit brand identity will not be in place until a definite brand strategy is formulated. What is the basic brand strategy? Single brand or multi-brands? Parent brand or subsidiary brand? Enterprise brand or product brand? Each sea buckthorn enterprise, should have a brand structure, because it is vital to the survival of the enterprise. 

Sixth, determining brand responsibilities. The enterprise should define clear -cut brand responsibilities, so as to know what the enterprise can bring to consumers. 

Seventh, fostering brand loyalty. Practice has proved that 20% of the customers buy 80% of the product sales volume. The challenge faced now is how to establish a database concerning this 20% of the customers. More and more data prove that it costs much more to win a new customer than to maintain an existing customer. 

Eighth, perfecting the Evaluation System. The annual change of marketing plan needs a regular, continuous and unified survey method. The entire plan should be interpreted and adjusted based on the evaluation.

Ninth, consistent Brand Investment. It takes time to build a brand and this process must be stuck to. In fact, when the whole retail relationship is becoming more and more separate, the brand image can be very clear. Then operating from a persistent and comprehensive perspective, this brand will be gradually established after a considerable period of time. 

Tenth, brand Management System, stretching over the enterprise strategy, systems, structure, shared values, style, skills and the staff, namely 7s.
The writer considers the establishment and operation of the brand management system are the core of brand building by the sea buckthorn enterprise. See the following chart:


[image: image53]
Communications of the brand by frontline employees is the last link or procedure in the entire system, and the natural result from the well operation of the entire brand system. Take A company engaged in health food for example. This company need not or can not build a brand through “extensive communications”. The key for building such a brand is to propagate the brand through service itself (this is often the only feasible choice). For example: the key of A company’s brand communications lies in the frontline employees in the directly facing the customers, including the reception desk, customer service personnel, telephone operation, marketing personnel and etc. 

For example, when a marketing employee from A company is facing a customer, if there is a set of integrated brand management systems, it will exert the following influences: 

A.  Influence of human resources system. Through recruitment and training of basic skills, this marketing employee will be able to dress and behave in a proper way and have basic vocational skills in line with an international enterprise;

B.  Influence of the marketing system. Explicit brand definition and differentiated values, subject and connotations, sales promotion scheme as well as discounts offered to customers; various details and flows of standard promotion, emergency pretexts, sales promotion schemes;

C.  Influence of the training system. Providing timely training so that marketing personnel can be well trained and meet the requirements of the marketing system;

    D.  Influence of assessment and encouragement system. Effectively assessing the vocational skills of this marketing employee and accordingly rendering rewards or punishment, so that he will have appropriate pressure of being monitored;

    E.  Influence of enterprise culture. Influencing the areas that are out of the reach of training and monitoring. E.g., help the marketing employee to turn the “vocational smile” into “a smile of understanding”, so that customers can fully feel the brand charm. 
In 2002 when Schultz was spreading his IBC in China, he defined the second-level communications as “internal communications”, and stressed its importance. Schultz talked about “internal” from the perspective of “communications”, and brought it into the concept of “integrated (brand) communications”. There is nothing to be said against Schultz as a master specialized in communications research, because he only studies one aspect of enterprise operation. However, the fundamental question in communications research is the question of message transmission. For an enterprise, the question of message transmission is incapable of leading the whole situation. 

4. Conclusion

Why many enterprises blindly believe that communication is the core of brand building? This is due to the development of the brand itself as a marketing tool. Brand has always been a traditional tool in the advertising circle, and is later taken over by designing company which highly resembles to the advertising company. These companies are excellent at brand popularization, and even directly “advertising” the brand. As long as the market develops, extensive means of promoting the brand through communication will become less and less effective. Lessons drawn from this model were actually revealed as early as five years ago. And it is not difficult to understand this just thinking about such outdated star brands as Aiduo, Qinchi and etc. 

Building the brand with intensive management and integration of communication is the future operation trend of sea buckthorn enterprises. Such brands as Wal-Mat, Starbuck, Pizzahut, TOTO, Kwun Kee, Suzuran Sajee have achieved successes without relying on “extensive communications”; it is nearly 10 years after McDonald and Kentucky Fried Chicken entered China that they began to make advertisements in a large scale, but nobody can deny the important positions the two brands have taken before. Implementing the brand building strategy from the management point of view can by no means be achieved within a single day. The prolonged marketing cycle, requires enterprise leaders to make a long-term strategic plan. The principle of “Digging deep caves and storing a lot of grain” will be the method of carrying out the brand operation ideas of enterprises from the management point of view. It has now become the development strategy of sea buckthorn enterprises for a relatively long period. Just like designing your garden from the point of view of housekeeper instead of flower seller!
References: Phillip·Ketler, Marketing Management, the 11th Version;

Don·Schultz, Integrated Marketing Communications
360° Brand Management, Aomei Advertising Company (ed.)

           “Advertisement and Communications”, www.cnad.com

Integrated Processing of Fresh Indian Seabuckthorn (Hippophae rhamnoides) Berries and Chemical Evaluation of Products
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Abstract

An efficient process at pilot scale through process and products integration was developed to produce nutraceutical products from fresh sea buckthorn berries from Himalayan region. Fresh berries were subjected to high pressure dewatering using continuous screw press. The separated liquid phase containing 80-90% of pulp oil and fibrous cake were further processed. The liquid phase was clarified at 80oC and followed by high-speed continuous centrifugation to obtain pulp oil, clear juice and sludge. The pulp oil yield was 2.6-3% of fresh berries with 65-70% extraction efficiency with remaining 20-30% of oil distributed between residue and sludge. Pulp oil was very rich in carotenoids (2810mg/kg) tocopherols (1409mg/kg) and sterols (4403mg/kg) with a characteristic fresh berry flavor and 16:1 as the major fatty acid (45.6-49.1%). The clear juice obtained was free from oil and with high amount of bioactive phytochemicals like vitamin C (1683mg/kg) polyphenols (2821mg/kg) and flavonoids (400mg/kg). Isorhamnetin (303 mg/kg) was found to be the major flavonoid in juice along with quercetin (81mg/kg) and kaempherol (16mg/kg). The juice was very acidic (pH 3) with high amount of organic acids (3.69%). HPLC profiling of organic acids revealed quinic acid (1.85%) as major acid in juice. The seeds in the press cake were separated and extracted for oil using supercritical CO2. Seed oil contained carotenoids (403mg/kg), tocopherols (1012mg/kg) and sterols (16888mg/kg). The process efficiency and product yields appear to be higher than those of previous reports.  This is the first comprehensive report on processing of Indian sea buck thorn with detailed chemical profiling.
 KEY WORDS: carotenoids; tocopherols; sterols; polyphenols; flavonoids; organic acids.
INTRODUCTION


So far no attempt has been made to utilize the SB berries grown in Himalayan regions of India (Ladakh, Lahaul and Spiti), that hosts unique geo-climatic conditions with the combination of high elevation (3000-4000m), extreme cold and scanty precipitation. SB plants adapted to the extreme conditions should have different phytochemical profile from that of other regions. Attempts have been made here for the first time to apply modern processing techniques to maximize the recovery of pulp oil, juice and seed by specially designed mechanical dewatering system, with down stream process of clarification and continuous three phase centrifugation. This process developed at pilot scale (30-100kg of berries), enabled simultaneous production of superior quality of pulp oil, and oil free clear juice with maximum retention of bioactive phytochemicals. The co-products of the process are unbroken seed, residual pulp and fibrous residue. The present study also reports detailed phytochemical evaluation of process streams and products from Indian SB berries for the first time.   

MATERIALS AND METHODS


Well-ripened SB berries (H.rhamnoides) grown in Ladakh region of Himalayas (India) were harvested during September2003. The fresh berries were ferried to Regional Research Laboratory Trivandrum by air under cold condition (4 to 50C). The berries were stored at -200C till they were processed

Processing: A batch size of 35 to 100 kg was selected for processing and the unit operations were as follows. Fresh SB berries with moisture content of 70-75% taken from the cold storage were first cleaned by spraying with water for the removal of dirt and other impurities, followed by blanching in warm water to destroy enzymes and to facilitate extraction of juice and oil in the subsequent steps as shown in the flow chart (fig: 1).

Super critical CO2 extraction of seed oil: SB seeds separated from the dried residue was ground and sieved through a 42 mesh.  Three batches (1kg/batch) of ground seed were extracted using pilot model super critical extraction unit (SFE 2L, Thar Designs, Inc, Pittsburgh, USA) at 600C and at 450-bar pressure with a gas flow rate of 60g/min for 3hrs. The seed oil was collected in the cyclone separator.

Analytical methods


Proximate composition of berries, products and byproducts were analyzed by AOAC methods. Carotenoids content was estimated by spectrophotometry. Tocols, sterols, flavonoids, organic acids and vitamin C were analyzed using HPLC. Fatty acid composition was analyzed in GC.

Fig : 1 Integrated processing of fresh sea buckthorn berries for pulp oil and juice (1)















RESULTS AND DISCUSSION

The number of reports related to processing are rather limited (2,3,4,5). However, from available data it is clear that the process steps employed are more or less similar, but with wide variations in terms of product quality and yield and process efficiency. Details of material balance, efficiency of extraction, products yield, commercial feasibility etc have not been discussed in quantitative terms in the published reports. Hence comparison of the data from our processing of Indian SB berries is difficult. Our approach has been to integrate process and products and maximize yield of juice, pulp oil, and seed oil from fresh berries of SB grown in Indian Himalayas, hitherto not attempted. Eventhough most of the unit operations employed here are similar to those reported, higher yield of pulp oil and juice by employing combination of high pressure dewatering screw press and continuous centrifugation was achieved in this process. 80% of the water and oil and 60% of the solids from soft part of the berry (pulp) was in the liquid phase using the high-pressure screw press with compression ratio of about 10. The continuous high-speed centrifugation employed here effected efficient separation of the liquid phase in to oil free clear juice, pulp oil and solid sludge. The yield of the clear juice at 75-80% on berry wt with 10-13% soluble solids appears to be high. Further the juice obtained here also retained more than 60% of the organic acids, 70% of vitamin C, 40% of polyphenols and 50% of flavonoids present in the soft parts of fresh berry. It could be seen that even after addition of water to facilitate dewatering and consequent dilution of juice, concentration of total solids and bioactives remained fairly high in the final juice that could be attributed to extraction efficiency. Considering the high total solids and other phytochemical constituents, the final juice obtained here can be further diluted in the ratio 1:2 and formulate ready to drink health beverage rich in bioactive phytochemicals.

Table 1. Process development trials conducted at pilot scale using fresh sea buckthorn berries and yield of products (see flowdiagrm).

	Trial No
	Berries

(kg)
	Seed pulp ratio
	Water Added

(kg)
	Liquid phase (Juice)

(kg)
	Fibrous residuea (kg)
	Solid sludge

(wet wt.)

(kg)
	Clarified Juice (kg)
	Pulp Oil

	
	
	
	
	
	
	
	
	Qty.

(kg)
	Yield on fresh berries(%)
	Extraction efficiency

(%)

	1
	90.0
	1:9.3
	16.0
	89.2
	19.0
	6.8
	73.3
	2.51
	2.79
	68.1

	2
	35.0
	1:9.4
	7.5
	39.1
	8.1
	3.8
	27.4
	0.97
	2.77
	69.3

	3
	47.0
	1:9.2
	9.0
	45.3
	10.0
	6.5
	35.1
	1.25
	2.72
	66.5


a Weight includes amount of seed.

Table 2. Compositional analysis of process streams (Mean ± SD of duplicate assays)

	Process streams
	Total solids(%)
	Total fatty matter (%)
	Total protein (%)
	Ash content

(%)
	Total soluble sugars (%)
	Crude

Fiber (%)

	Berries(Soft parts)
	27.9±0.2
	4.6±0.1
	1.81±0.35
	1.02±0.11
	9.5±0.6
	2.44±0.09

	Juice
	13.2±0.7
	0.08±0.00
	0.52±0.12
	0.77±0.06
	5.8±0.3
	-

	Fibrous Residuea
	36.2±0.9
	3.0±0.3
	5.90±0.43
	0.72±0.13
	11.8±0.5
	9.8±0.73

	Sludge
	20.2±0.3
	6.8±0.7
	2.40±0.92
	0.82±0.19
	4.5±0.7
	1.05±0.06


a analyzed and expressed without seed

Pulp oil is the another valuable co product of this process with extremely high content of carotenoids, tocopherols and sterols with characteristic 16:1 fatty acid. Fatty acid, 16:1 is reported to facilitate fluidity similar to that of polyunsaturated fatty acids but with low susceptibility to peroxidation and improve the metabolism of vascular smooth muscle cells (6). The present process has been able to separate up to 70% of the pulp oil without using organic solvents hence maximum retention of the bioactives was achieved. An important advantage of this process is that seeds could be recovered without damage in spite of high pressure dewatering of berries.  Feasibility of extraction of high quality seed oil using SC-CO2 was also demonstrated.

Table 3. Carotenoid, tocopherol and sterol content in the soft parts of the berries, pulp oil and hexane extracted and supercritical CO2 extracted seed oils (Mean ± SD of duplicate assays).

	Composition


	Soft parts of berries
	Pulp Oil
	Seed Oil

	
	
	
	Hexane
	SC-CO2a

	Yield (%)
	-
	2.79b
	6.1(0.1c
	5.2(0.2c

	Carotenoids (mg/kg)
	128(4
	2810(45
	387(10
	403(16

	Tocopherols (mg/kg)
	
	
	
	

	(-T1
	47.2(4.0
	987(38
	520(24
	587(21

	(-T3
	6.6(1.5
	182(24
	11(1
	35(6

	(-T1
	1.1(0.2
	28(6
	19(3
	21(4

	(-T1
	4.5(0.5
	91(4
	306(21
	315(25

	(-T3+(t
	6.1(1.2
	107(14
	46(6
	39(7

	(t3
	0.90(0.1
	14(2
	10(1
	15(2

	Total
	66.4(4.1
	1409(48
	912(34
	1012(45

	Sterols (mg/kg)
	
	
	
	

	(-sitosterol
	180(14
	3200(85
	13305(132
	13774(194

	Stigmasterol
	80(13
	1203(42
	1125(111
	1235(100

	Campesterol
	-
	-
	1770(50
	1878(99

	Total
	260(26
	4403(61
	16200(260
	16888(150


a Seed oil extracted with Supercritical CO2, b  in fresh wt of berries, c in seeds

Table 4. Polyphenols and flavonoids in soft parts of berries and juice (mg/kg; Mean ± SD of duplicate assays) 

	Composition


	Soft parts of berries
	Juice

	Total polyphenols (mg/kg)
	5646(87
	2821(11

	Flavonoids (mg/kg)
	
	

	        Quercetin 
	109(13
	81(5

	        Kaempherol
	38(4
	16(4

	        Isorhamnetin
	428(13
	303(16

	   Total flavonoids
	575(29
	400(18


Table 5. Acidity, organic acids and vitamin C in the soft parts of berries and juice (Mean ± SD of Duplicate assays).

	Composition
	Soft parts of berries 
	Juice



	Total titrable acids (%)
	-
	3.69(0.06

	pH


	-
	3.3

	Organic acids (%)
	
	

	Quinic acid 
	2.80(0.12
	1.85(0.05

	Malic acid 
	1.60(0.09
	1.17(0.03

	Citric acid
	0.16(0.03
	0.16(0.02

	Total acids
	4.56(0.12
	3.18(0.09

	Vitamin C  (mg/kg)
	2232(72
	1683(21


The process developed and reported here using fresh SB berries grown in high altitudes of Himalayas, is an integrated approach to yield products with high efficiency and quality for nutraceutical applications. The quality of Himalayan SB was found to be comparable in terms phytochemical profiles with those of Chinese or European varieties. However, SB from Himalayas have not been utilized on commercial scale though potential appears to be high and the process reported here would facilitate the processing of high quality Himalayan SB berries.
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Ecological features of seabuckthorn growing in semidesert area of the Pricaspian Plain in Russia
M. Sizemskaya, M. Sapanov, I. Oloviannikova
Institute of Forest Science RAS, Moscow, Russia,  E-mail: root@ilan.msk.ru
The capabilities of seabuckthorn (Hippophae rhamnoides L.) acclimatization in two ecotopes with contrast forest-growing conditions in clayey semidesert area of the Pricaspian Plain in Russia has been estimated. 

Our studies were performed at the Dzhanybek Experimental Research Station of the Institute of Forest Science, Russian Academy of Sciences. These natural conditions are typical and representative of the clay semidesert in the Caspian lowland (2,9 million ha) between the Volga and Ural rivers. The plain is composed of thick slightly saline Khvalyn heavy loams. 

The Northern Caspian Region is characterized by dry continental climate. The evaporation exceeds the precipitation: thus, the mean annual precipitation (1950-1996) is 298 mm (with variations from 152 to 498 mm), whereas the evaporation is about 900-1000 mm. The mean annual temperature is 6,9 0C. The summer maximum is +420C, and the winter minimum is -38 0C. Dry winds are observed for about 80 days per year. The stable snow cover persists from November till March, and the average depth of snow is 10 cm [1].

         The territory represents a plain with well-pronounced meso- and microrelief. The depressions of the mesorelief (10-15% of the area) are occupied by dark chernozem-like and solodic soils. The rest of the territory is a plain surface with distinct microrelief governing the complexity of the soil and vegetation covers. The microelevations are occupied by solonchakous solonetzes under desert Artemisia pauciflora associations. These are the predominant soils of the clayey semidesert; they occupy no less than 50% of the plain between mesodepressions. The microslopes (about 25% of the area of solonetzic soil complexes) are occupied by solonetzic light-chestnut soils under dry-steppe vegetation (Pyrethrum associations). The microdepressions (about 25% of the area of the solonetzic soil complexes) are occupied by meadow-chestnut soils developing under forb-grassy steppe vegetation. The species diversity is very large: there are more than 80 plant species (Festuca sulcata, Galium ruthenicum, Medicago romanica, Potentilla bifurca and others). The projective cover of the steppe vegetation reaches 85-95%, and the average height of the plants is 27-37 cm. The steppe vegetation of the microdepressions is characterized by high biological productivity (2,4 t/ha, on the average) [2]. 

The salinity of the ground water is rather uneven: sulfate salinization is detected under the solonetzes (up to 20 g/l) and light-chestnut soils (up to 10 g/l), whereas bicarbonate salinization (<1 g/l) is developed under the meadow-chestnut soils of the microdepressions and under the chernozem-like and solodic soils of the mesodepressions. Ground water table occurs at the depth of 5-6 m. The thickness of capillary fringe is 3 m.

Experiments on introduction of wood and shrub plants at the Dzhanybek Research Station are spent from the beginning of 50th years. 

The first ecotope with favorable ecological conditions is confined within large depressions of mesorelief with a lens of fresh ground water at the depth of 5-6 m and intrazonal meadow-chestnut non-saline soils. More than 200 species of trees and shrubs from different continents and geographical zones have been tested in the mesodepressions on the meadow-chesnut soils, where underground water is weakly mineralized and available to plants.

Many introduced trees are well adapted to severe semidesert climatic conditions. They grow well and quickly, begin to produce fruits at young age, and have abundant natural regeneration. 

The best growth and stability were found for trees typical for broad-leaved forests on steep slopes and valley forests of the forest-steppe zone, and flood-plain forests. They include mesophytes and mesoxerophytes: oak, birch, lime, pear tree, maple, mountain ash, and hazel nut. 96 forest species may be recommended for planting in mesodepressions. 

Agrotechnical care may be taken only in the first years at correct selection of tree species. Further growth of dense forests is regulated by interspecies and intraspecies competition between sanitary tree cuttings. Tree plantations acquire features of natural forest communities. They are characterized by changes in the pH regime of soils, appearance of forest fauna and mycoflora (mycorhiza saprophyte fungi), and accumulation of forest litter [5]. In this ecotope the seabuckthorn is represented by high-standing shrubbery up to 5 - 6,5 m high with the leading shoot up to 7-9 cm high (18 cm maximum) at the age of 25 years (Foto 1). 
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Foto 1. The seabuckthorn plants (at the age of 25 years) on the meadow-chestnut soils in mesodepressions 

The seabuckthorn plants are alternately fruit-bearing and annually produce viable root suckers at a distance of 7-8 m from the plant; the plants compete successfully with other species introduced for the living space and so they do not require particular agrotechnical or forest-growing measures. The plant roots reach the upper boundary of the capillary fringe which is found at the depth of 2-3 m. The most important factor of seabuckthorn plants survival is the presence of fresh ground water which is the only source of moisture for transpiration during the dry periods (in the second half of the growing season). 
The second ecotope is confined within the soils of solonetz complex. In solonchakous (salt-affected) solonetz soils the percentage of soluble salts beginning from the depth 1,5 m exceeds 3%, the ground water being highly mineralized (5-10 g/l).  Salt-affected soils cannot be used for afforestation and cultivation without preliminary amelioration. At first some desalinization and dealcalinization of soils is achieved by deep plowing, which destroys the solonetzic horizon, involves gypsum from the first subsolonetzic horizon into the plow layer and causes the increase in the water permeability of the topsoil. Further desalinization of these soils occurs due to additional moistening caused by snow accumulation with the system of one-row strips of elm (Ulmus pumila L). On ameliorated soils of solonetzic complex the best growth and the highest tolerance was recorded for steppe xerophytes. 13 species have been proved to be the most tolerant and long living (barberry, June berry, lilac, cotoneaster, ash tree, and others). 21 species may be sowed directly into microdepressions [3]. Small areas of soils in solonetzic complexes are favorable for the introduced plants: their root systems may use moisture not only from the solonetzes but also from the adjacent not afforested depressions.

On ameliorated soils of solonetzic complex the stunted seabuckthorn plants are only 1,5 m high at the age of 15 years, they have the superficial root system (Fig. 1), occurring within the upper 1 m layer and are subject to drying because of the moisture deficit (150 mm during the warm and cold halves of the year). 
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Fig 1. The root system of seabuckthorn (at the age of 14 years) on ameliorated solonchakous solonetz (by [3]):

A – the moisture in autumn; B – the salt profile:  K+:  _____  Na+, _ _ _ Ca2+, ………Mg2+, A-: _____  SO42-, _ _ _ HCO3-, ………Cl-. C – the root system. 1 – 4 – soil horizons: 1 – Ap ca, 2 – B3 ca2 cs2, 3 – B3 ca cs2sa2, 4 – BC ca cs2sa2
To improve the seabuckthorn plantations it is necessary to provide broad inter-row spacing (up to 6-10 m) in order to extend the water supply area; it is also recommended to implement annual agrotechnical treatment to decrease the evaporation from the soil surface and to suppress the competition of weeds for the available soil moisture. However even in this case the probability of the seabuckthorn plants death is rather high due to essential fluctuations in the annual precipitation.

Unexpected continuation the introduction experiment has received in thrown artificial to career where after several years it was formed woody-shrub community of self-sowing plants of Elaeagnus oxycarpa, willows with participation of poplars, sea-buckthorn and berry bushes [4]. These plants (the representatives of 36 species) have independently occupied slopes and the bottom career, having generated wood biogeocenosis quasitugai shape (Foto 2). 
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Foto 2. The artificial career with spontaneously appeared woody and shrub vegetation

Seabuckthorn berries are playing the appreciable role here.  In the age of 10 years, plants have height of 3-4 m, diameter of 6-7 cm, a sprawling crone and an excellent healthy state. The seabuckthorn grow as at the bottom together with representatives damp-meadow motley grass (Calamagrostis epigeios, a reed), and on drier slopes (with Festuca sulcata, Artemisia Lercheana, Lucerne). It testifies to good adaptive reactions of seabuckthorn, its wide ecological amplitude, opportunities of its use for desertification control and development of erosion in these conditions. 
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Foto 3.  The bottom, which is occupied by seabuckthorn plants
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Foto 4.  The slopes, which are occupied by seabuckthorn plants

Thus the planting of seabuckthorn plants in the clayey semidesert area seems to be promising in the depressions of mesorelief with intrazonal ecological conditions and available fresh ground water. The creation of multifunctional plantations in these areas makes it possible to optimize the land utilization and amelioration of environment .
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Zonation of Seabuckthorn Planting in Three North Areas of China

Hu Jianzhong

(China Administration Center for Seabuckthorn Development, Beijing 100038, P. R. China)

Abstract: Seabuckthorn(Hippophae rhamnoides) planting areas in the Three North areas (north, northeast and northwest China) include five planting zones of semi-humid forest prairie climate zone for eco-economic type of seabuckthorn planting in southern part of the Loess Plateau, semi-arid steppe climate zone for eco-economic type of seabuckthorn planting in central part of the Loess Plateau, arid desert steppe climate zone for ecological type of seabuckthorn planting in northern part of the Loess Plateau, semi-arid and semi-humid steppe climate zone for eco-economic type of seabuckthorn planting in northern Hebei and western Liaoning, and cold humid steppe climate zone for economic type of seabuckthorn planting in the northern part of Northeast China. The essential of the zonation of Five Zones is to avoid planless introduction of seabuckthorn. In every zone of so called Five Zones, respective planting objectives should be settled down, and suitable seabuckthorn species, subspecies and varieties should be planted according to the site conditions, seabuckthorn seed sources, and plus trees breeding. The cultivation centers, bases, stations and units should be established, and successful models of seedling and planting should be popularized. Only according to the principles of matching trees with suitable sites, and adjusting measures to the local conditions, can the destination be realized in practice. From the strategic viewpoints of solving eco-economic problems from seabuckthorn development in the Three North areas, every seabuckthorn center (including base, station and unit) must have its own genes conserving garden, standard plantation for popularizing, excellent seed and seedling nursery, and sufficient afforestation area for demonstration and spreading, and realize scientific layout and intensive planting, to harness the eco-environment, and promote the economic development and the social progress in the Three North areas in China.

Key Words: zonation; planting; model; seabuckthorn; Three North areas

In the Three North areas (north, northeast and northwest China), the plants of Hippophae genus (hereafter as seabuckthorn) have been the main pioneering trees in the comprehensive watershed harnessing, the self ecological restoration, the conversion from cropland to forest and grass lands, and the Three North protection forests for a lot of years. Seabuckthorn planting and development have been not only become the important parts for regional environment harnessing and disaster prevention[
,
,
], but also occupied the market of medicine, health care products, beverage and cosmetics[
]. Using seabuckthorn products has being become a fashion in China, even the whole world for its multiple eco-economic functions since the 80th of the 20th century, and the fashion is still running now. Because of the different natural and social conditions in the Three North areas, the destinations for seabuckthorn planting also differ. Thus the species, subspecies or varieties of seabuckthorn should be arranged to adapt the different conditions to avoid the out-of-order seabuckthorn introduction. Only should we summarize and analyze the experiences and lessons, the sustainable development of seabuckthorn can be underway according to principles for acquiring the eco-economic benefits and the zonation of planting.

The planting and development of seabuckthorn must be paid more attention to the combination of native and introduced species in the Three North areas. It is a feasible way to using the native species of seabuckthorn in the rehabilitation. At the same time, the masses enthusiasm of planting, development and management in the project areas should be cheered up by introducing overseas good species. Through the processes of primary introduction, regional introduction and productive introduction, the suitable species of seabuckthorn can be selected according to the local site conditions, to avoid the serious losses through blind introduction. It is reasonable for the peoples favor for macro seabuckthorn, a kind of good cultivar of Hippophae rhamnoides ssp. Mongolica, as its big fruit, long fruit stem, high yield and easy pick method for the economic utilization. If the biological and ecological characteristics of seabuckthorn are ignored through casual and unprincipled introduction, the seabuckthorn introduction will destine to failure and the big economic losses will take place[
]。

The core for avoiding the out-of-order introduction of macro seabuckthorn is still a wheezy but pertinent topic which is matching the species for the suitable site conditions. It has been proved by years of seabuckthorn planting that the condition of the forest climate type, one of the five main climate types(Table 1), is suitable for seabuckthorn planting, but its planting benefits is low as there are more economic plants with high values in the areas of the type. So seabuckthorn in the area can be planted for gene preserving or decoration. The condition in the areas of desert climate type is too dry and rigor to plant seabuckthorn. Only the other three kinds of climate types, namely, forest prairie, steppe, and desert steppe, are very suitable both in ecological and economic benefits.

Tab.1  Suitability and utilization of seabuckthorn planting in different climate types in the Three North areas in China

	climate type
	dryness
	ecological suitability
	economic suitability
	utilization of seabuckthorn planting

	forest
	<1.0
	good
	bad
	gene preserve, greening, decoration

	forest prairie
	1.0~1.5
	good
	good
	ecological and economic benefits, especially for soil and water conservation

	steppe
	1.5~2.0
	good
	good
	ecological and economic benefits, especially for soil conservation, shelterbelt construction, and pasture protection 

	desert steppe
	2.0~4.0
	medium
	medium
	ecological and economic benefits, especially for shelterbelt construction, pasture protection 

	desert
	>4.0
	bad
	bad
	


The types of forest prairie, steppe, and desert steppe are the three kinds of climate type for seabuckthorn planting, and the areas can be divided into five seabuckthorn planting zones according to the location, climate and the utilization, that is, semi-humid forest prairie climate zone for eco-economic type of seabuckthorn planting in southern part of the Loess Plateau (Zone 1), semi-arid steppe climate zone for eco-economic type of seabuckthorn planting in central part of the Loess Plateau (Zone 2), arid desert steppe climate zone for ecological type of seabuckthorn planting in northern part of the Loess Plateau (Zone 3), semi-arid and semi-humid steppe climate zone for eco-economic type of seabuckthorn planting in northern Hebei and western Liaoning (Zone 4), and cold humid steppe climate zone for economic type of seabuckthorn planting in the northern part of Northeast China(Zone 5). On the whole, the five zones are distributed from southwest to northeast in China, with Zone 1 in the southeast, Zone 3 in the northwest, and Zone 2, Zone 4, Zone 5 stretching from southwest to northeast (Figure 1).
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Fig. 1  Sketch map of zonation of seabuckthorn planting in the Three North areas in China

1 Semi-humid forest prairie climate zone for eco-economic type of seabuckthorn planting in southern part of the Loess Plateau (Zone 1)

Zone 1 extends from Mount Qingling as its south border to Lingxia, Weiyuan, Longde, Qingyang and Yan’an as its north edge, and from Huangnan of Qinghai in the west to the Mount Taihang in the east, occupying basically the areas of rainfall from 500 to 600 mm. The important seed source for a subspecies—Hippophae rhamnoides ssp. sinensis or native Chinese seabuckthorn community are distributed mainly in Mount Longshan junior, Mount Ziwuling, Mount Huanglong, Mount Zhongtiao, and Mount Taihang, etc.

1.1 Planting objectives

The zone includes the loess tableland and gully region, loess hilly and gully region, loess terraced region, and alluvial plain, etc. There are more fruit species in the zone which is one of the most important fruit bases in China. Seabuckthorn should be planted in the crisscross gully areas with severe soil and water losses, far away from the farmer villages, for the main objective of soil and water conservation. At the same time, the suitable, valuable good species should not only be introduced to the region but be bred for the enthusiasm of masses both in planting and protection, as the site conditions here are better than the other regions. The ecological and economic benefits can be attained through the increase of value-added product of seabuckthorn by sweeping management and comprehensive utilization to the every organic parts of seabuckthorn. 

1.2 Breeding bases

As one of the important native distribution and artificial planting areas, the good seed sources and community types of so-called “Northwest types” [
] in Huanglong, Guanshanliang, etc, should be collected and popularized in production in Zone 1 with Xifeng, Yongshou as the representatives, and the key point for breeding should be paying more attention to the combination of selection, introduction and breeding for the good varieties of eco-economic type and economic type in the semi-humid region. Some stations have been established in Yongshou, Ansai, Qingshui, Tianshui, Xifeng, Pingliang, etc, in the zone. Yongshou, Ansai are located in Shaanxi Province, for the plantation in the loess tableland and gully region in central Shaanxi, and hilly region near north Shaanxi. The stations in Tianshui, Qingshui, located in Gansu Province, are faced for the plantation in the ridgy hilly region in the upper and middle reaches of the Weihe River. Xifeng and Pingliang stations are also situated in Gansu Province, for the rehabilitation in the tableland and gully region in east Gansu, and hilly and gully region in south Ningxia, located in the basin of Jinghe River.
1.3 Seedling

The seedling nurseries in Xifeng, Tianshui have used a set of open spraying equipments to increase the quality and quantity of seedling by cutting. However, most of the nurseries in the villages are still in the common practical field bedding type. The main task in the seedling production is the soil disinfection to prevent damping-off and other diseases and pest harms.
1.4 Planting models

Seabuckthorn can be planted in spring, summer and autumn through tree planting method due to the moderate water and temperature conditions, and the cutting stem planting method in autumn are advocated. The following are main four planting models suitable for production in the zone.
1.4.1 Model of protection forest with mixed arbor and seabuckthorn in the edge of the tableland: 5~8 rows of mixed trees of arbor and seabuckthorn belt along the head of gully are allocated. The species of arbor trees are Pinus tablaeformis, Platycladus orientalis, Robinia pseudoacacia, Populus sp., mixed with seabuckthorn in the form of tree by tree, or row by row, and in hole or level bench preparation method.
1.4.2 Model of protection forest of mixed arbor and seabuckthorn in the slopes of tableland or ridge: Platycladus orientalis, Pyrus betulaefolia and other xerophilous arbor species are selected for sunny slope planting, and Pinus tablaeformis, Robinia pseudoacacia for shady slope, mixed with seabuckthorn in block netted allocation.
1.4.3 Model of seabuckthorn protection forest for gully control: The trees are allocated along contour to block the water way, with interplant spacing of 1 meter and row spacing of 1~2 meter, mainly for the harnessing of gullies with “V” shape.
1.4.4 Model of seabuckthorn protection forest surrounding reservoir: The forest are densely planted in the circumjacent reservoir, above the normal water level, to decrease the kinetic energy of waves and prevent the surrounding sediments flowing into reservoir.
2 Semi-arid steppe climate zone for eco-economic type of seabuckthorn planting in central part of the Loess Plateau (Zone 2)

Zone 2 extends from Zone 1 as its south border to Yongjing, Yuzhong, Haiyuan, Huanxian, Jingbian, Yuling, Dongsheng, Tuoketuo as its north edge, and from Huangyuan of Qinghai in the west to the North Hebei in the east, occupying basically the areas of rainfall from 350 to 500 mm. The native seabuckthorn communities are distributed mainly in Mount Liupan, Mount Luliang, Mount Guancen, and Mount Wutai, etc. A lot of good Chinese seabuckthorn population and community exist in the areas.

2.1 Planting objectives

The most lands of the zone belong to the loess hilly and gully region, but sandlot or loess land covered by sand appear in the central and western part which is adjacent to the Mu’us sandlot. With the natural condition very bad, the economic base is so week that the three main poorest parts in China, namely Dingxi in the central Gansu, Xihaigu (Xiji, Haiyuan, Guyuan) in the south Ningxia, and western part of Shanxi, are all distributed here. The Platation areas of the National Project of “Seabuckthorn Plantation Project in the Arsenic Sandstone Region of Borders of Shanxi, Shaanxi and Inner Mongalia” covered most part of the zone. The demands for eco-construction and economic development in the zone are urgent, so it is suitable for the planting and development of seabuckthorn of eco-economic type.
2.2 Breeding bases

Dongshen, Jungar, Yuling, Wuqi, Dingxi, Lishi, etc, are the main seabuckthorn breeding stations in the zone, with Yuling and Wuqi for the southeast part of Mu’us sandlot, Dingxi for semi-arid loess hilly and gully region in central Gansu, Lishi for hilly region of west Shanxi, and Dongshen, Jungar for arsenic sandstone region in Inner Mongolia. The Northwest Type of Chinese seabuckthorn is suited for growing in the zone.
2.3 Seedling

The main growing seedling method includes rolling ridge, broadcasting just after rain, broadcasting in rain season, and growing seedling with covered materials for evaporation prevention[
], due to the dry climate in the zone.
2.4 Planting models

Planting in rainy day, and planting after cutting stem in autumn are the two main planting methods, for the consideration of dry weather in the zone. There are six kinds of main planting models.
2.4.1 Model of four belts to prevent erosion from gully head to the gully bed in the arsenic sandstone region: For the U shape gully, seabuckthorn are planted in gully head with the planting specification of 1.5 meter for interplant spacing and 2 meter for row spacing, and in gully slope with the planting specification of 2 meter for interplant spacing and 3 meter for row spacing, and in gully slope foot, gully bed all in 1 meter specification between plants and rows. The seabuckthorn belt is formed with 5 rows plants, and its direction are 45 degree across the flood direction. The belt spacing is 15 meter.

2.4.2 Model of seabuckthorn flexible dam in the gully of arsenic sandstone region: According to the theory of “restraining the soft water with flexible dam” and “counteracting water kinetic energy with flexible dam”, the sediment and water transportations in the gully ought to be changed through the flexible dam by seabuckthorn stem, branches and leaves. The dam could be constructed with a few rows of 2~4 year old seabuckthorn as the material, ranging perpendicularly in the flow direction, so as to reduce the stress of flow to gully bed and retain a lot of coarse sediment in the rain season. The kind of dam is not only a living dam but a water-passing dam[
].

2.4.3 Model of seabuckthorn sand-fixating forest in the inter-dunes lowland of Mu’us Sandlot: The planting specification should be 0.5~1m for interplant spacing and 1.5m for row spacing in a triangular allocation. Pure seabuckthorn community can be formed in the zone through the strong root sprouting ability of seabuckthorn[
].

2.4.4 Model of seabuckthorn sand-fixating forest in the loess covered by sand hilly region along the Great Wall: The sand depth above the loess changes with topography and is less than 1 meter as a general. The sand-fixating forest of seabuckthorn can be set up in the barren sand and slope in the mixed arbor and seabuckthorn form. Pinus sylvestris var. mongolica, Populus simonii, etc, are suitable to plant in shady slope, and Platycladus orientalis in sunny slope, mixed with seabuckthorn in the form of row by row or block netted.
2.4.5 Model of degraded mine land reclamation with seabuckthorn in the border of Shanxi, Shaanxi and Inner Mongolia: The degraded land are backfilled with soil to form a level topsoil, and one year old seabuckthorn with root dipping the slop should be planted in the ridged preparation sites, as well as the planting of the cuttings of seabuckthorn. Some mixed types with herbaceous plants or arbor trees ought to be established to form a complex form of arbor-shrub-herb[
].

2.4.6 Model of seabuckthorn fodder forest: The forest should be established with one year old seedling in early spring, or 1.5 year old seedling in rain season, with the planting specification of 1 meter for interplant spacing and 1.5 meter for row spacing, 2~3 rows of seabuckthorn to form a strip, with the strip spacing of 1 meter. The horizontal section of the fodder forest are rectangular, arc or natural ones[
]. Land preparation types are level bench or level trench.
3 Arid desert steppe climate zone for ecological type of seabuckthorn planting in northern part of the Loess Plateau (Zone 3)

Zone 3 extends from Zone 2 as its south border to Hexi Corridor, Tengri Desert, Mount Helan as its northwest, north and northeast edges, occupying basically the areas of rainfall from 250 to 350 mm in the northwestern part of the Loess Plateau, or lower rainfall areas but having the advantage of irrigation from groundwater in the alluvial plain of the Yellow River in Ningxia and Inner Mongolia. There are nearly no native seabuckthorn community in the areas, and most of the seabuckthorn population and community are cultivator.

3.1 Planting objectives

The main topographical type includes loess hilly and gully region, dune region, and alluvial plain. Located on the south edge of Tengri Desert, and Kubqi Desert in the north, and as the central part of Mu’us sandlot, the wind erosion and water erosion appear alternately in the different season year by year. The vegetation construction should be paid more attention to wind protection, sand dune fixation, pasture protection, and soil and water conservation, etc.
3.2 Breeding bases

As the cross and hybrid areas of native Chinese seabuckthorn and introduced macro seabuckthorn, it is a transfer area for introduction of overseas good species. The research job has been carried out in large scale due to the good instrument and plentiful personnel. The good seed source and community belonging to the so-called Northeast Type in Fengning, Jianping can be introduced to the zone, to go on the research work including selection, introduction and breeding. The selection method should be paid more attention for supplying the ecological and eco-economic types adapting to the arid and semi-arid areas. The bases and stations have been set up for the breeding and cultivating of good variety of seabuckthorn in Dengkou, Dalate, Wuzhong and Lanzhou. Dengkou base, and Dalate station are located in Inner Mongolia, facing to the arsenic sandstone region, loess region covered with sand, and adjacent region of desertification, and Wuzhong in Ningxia facing to the regions of desertification and soil and water losses in south and north Yingchuan, and Lanzhou in Gansu facing to the regions of desertification and soil and water losses in the north of Central Gansu. Some good hybrid varieties are born in Dengkou base, such as No 1 Huanling, a hybrid of Wulanshalin selected from Hippophae rhamnoides ssp. mogolica with Hippophae rhamnoides ssp. sinensis from Fengnins. Hongxia, Jufeng, Juda are good species selected from Chinese seabuckthorn, and Wulanshalin, Zongqiu, Baiqiu from Mongolian seabuckthorn[
].
3.3 Seedling

The rainfall is limited so the seedling growing must be provided sufficient water through irrigation from the Yellow River. It is suitable to grow seedling in the zone due to the sandy soil, and the seedling production is very high. The drip irrigation and filtration irrigation methods for water saving should be carried out in practice to avoid the water waste through flooding irrigation method.

3.4 Planting models

The planting method after cutting stem in autumn is suggested in the zone for the dry spring weather and short growing season. There are three main cultivation models.

3.4.1 Model of seabuckthorn forest for wind protection and sand fixation in irrigated land of desert regions: Seabuckthorn could be planted along the river beach or other site with high water level in the irrigated areas in Ningxia and Inner Mongolia.

3.4.2 Model of seabuckthorn protection forest with wide row in the shady slope: The land preparation types are large fish scale pit type with two water collecting bank in the upper slope to collect enough water for seabuckthorn growing. Seabuckthorn are allocated in the specification of 1.5 meter of interplant spacing and 4 or 5 meter in row spacing.
3.4.3 Model of gully control forest of seabuckthorn: Seabuckthorn seedlings are allocated in gully slope foot with the planting specification all in 1 meter specification between plants and rows. The  belt in riverbed is formed with 5 rows plants, and its direction are 45 degree across the flood direction. The belt spacing is 15 meter.

4 Semi-arid and semi-humid steppe climate zone for eco-economic type of seabuckthorn planting in northern Hebei and western Liaoning (Zone 4)

Zone 4 extends from Zone 2 as its southwest border to Songhuajiang and Nenjiang Plain as its northeast edge, and from North China Plain in the southeast to the Inner Mongolian Plateau in the Northwest, occupying basically the areas of rainfall from 350 to 450 mm. The native Chinese seabuckthorn communities are scarce, but Jianping County, the largest county of artificial seabuckthorn plantation are distributed in the zone, and the good seabuckthorn seed source can be found in Fenning County, Hebei Province. Most of the seabuckthorn forests are man made.

4.1 Planting objectives

Located in the transition areas between the North China earth & rock mountains and Inner Mongolian Plateau, the zone includes the Bashang Plateau in Hebei, the important harnessing areas for sand sources harnessing around Beijing and Tianjin. The seabuckthorn planting plays a multiple roles of soil and water conservation, wind protection and sand fixation, and economic development.
4.2 Breeding bases

The stations for seabuckthorn breeding and planting have been set up already in Fuxing, Chifeng, Beijing, etc. The seedlings in Fuxing are for the gentle and hilly region in west Liaoning, and that in Chifeng for the steppe region in Chifeng, Aohan, etc. The seedlings in Beijing station have been served for the mountainous control of Zhangjiakou, Chengde in north Hebei, and suburban Beijing. The Northeast Type of seabuckthorn is suitable to plant in the zone. Because the zone situates in the transition areas of native seabuckthorn natural distribution areas and introduced macro seabuckthorn planting areas, most of good varieties of seabuckthorn are selected in the zone, such as No 1 Liaofu, No 2 Liaofu, all born in Fuxing station in the zone[11].
4.3 Seedling

The cutting seedling method in greenhouse and plastic shed is widely used in production of seabuckthorn seedling to attaining the good seedlings[
,
]. The seedlings have an excellent quality not only for the establishment of local seabuckthorn plantation, but also for the introduction experiment in other areas, such as in the Loess Plateau, etc.
4.4 Planting models

The spring, summer and autumn seasons are all suitable to plant seabuckthorn, and there are four main models of seabuckthorn planting.

4.4.1 Model of wind protection and sand fixation forest of mixed arbor and seabuckthorn in Jieba mountainous region of north Hebei: In the dry sunny slope with thin soil layer, it is suitable to establish mixed forest of Prunus davidiana, or Pinus sylvestris var. mongolica, with Chinese seabuckthorn respectively, in strip by strip or row by row forms. Pinus tablaeformis, Larix principis-rupprechtii are good arbor trees to form mixed forest in strip by strip or row by row patterns with Chinese seabuckthorn respectively in the shady slope with deep soil layer. The land preparation method should be fish scale pit, and hole type.
4.4.2 Model of water conservation forest of mixed arbor and seabuckthorn in the north foot of Mount Yanshan: With 3 rows of Larix principis-rupprechtii or Pinus tablaeformis, mixed with a 3~5 meters strip of seabuckthorn respectively, the forest can be established in level trench.

4.4.3 Model of soil and water conservation forest of mixed arbor and seabuckthorn in the gentle hill of west Liaoning: The suggested arbor trees are Pinus tablaeformis, Pinus sylvestris var. mongolica, Populus sp.,Robinia pseudoacacia, etc, mixed with Chinese seabuckthorn respectively to form strip by strip or block netted patterns.
4.4.4 Model of cash forest in the gentle hill of west Liaoning: The specification of planting are 2 meter for interplant spacing and 3 meter for row spacing, in a triangle form for horizontal projection of trees of seabuckthorn，and the ratio of female to male should be 8(2 or 9(1. The hole type is suggested for land preparation.

5 Cold humid steppe climate zone for economic type of seabuckthorn planting in the northern part of Northeast China (Zone 5)

Zone 5 includes mainly the Songhuajiang River basin in the west Heilongjiang Province, with high latitude (above 47° North) and low altitude (200 m or so), cold (with an annual temperature of 1℃), and humid (annual rainfall of 550 mm or so, and evaporation of 1240 mm or so) as the characteristics of the areas. Most cultivars of seabuckthorn are introduced from Russian and Mongolia.
5.1 Planting objectives

Situated in the transition areas of Northeast Plain, Mount Daxing’anling and Mount Xiaoxing’anling, it is cold and humid for few fruit trees to grow, so the cherry shrubs like seabuckthorn have good potential for economic development. Since the planting area is 5° southward to the original sources of seabuckthorn in Russian, the introduced macro seabuckthorn seed or seedling is easy to grow. Though the main purpose of seabuckthorn planting in the zone is for economic development, the wind protection and sand fixation, salina improvement, and roadside protection have been paid more attention in recent years[
].

5.2 Breeding bases

The tactic of breeding in the zone should be sticking to introduction first, and selection as supplement, supplying the good varieties of economic type for the production in the cold and humid region. Seabuckthorn breeding and planting stations have been set up in Suiling and Qiqihar, some experiments of seabuckthorn introduction have been carried out in Mangzhouli already[
]. Those experiments with macro seabuckthorn are faced to the high latitude and altitude region. Some high altitude areas in west China, such as Datong County in Qinghai Province, and other transition areas of the west part of the Loess Plateau and Mount Qilian, have the similar climatic condition with the zone, can be entreated in the same way for the zone. Some species of macro seabuckthorn have been introduced to Datong already [
], yet Datong is the main good native Chinese seabuckthorn seed sources in the west, facing for the hilly and gully region of the west part of the Loess Plateau.

5.3 Seedling

All the seabuckthorn species are from Russia and Mongolia, and the seedling are produced in greenhouse and plastic shed. Main technique is to raise the temperature through equipment and media for seedling growing. The planting areas are so limited that the introduction experiment to southward areas should be gradually carried out, to avoid the direct utilization of the seedling.

5.4 Planting models

Spring and autumn are good planting season for seabuckthorn planting, and three models are suited for seabuckthorn planting in the zone.

5.4.1 Model of seabuckthorn protection forest for roadside and side slope of railway and express way: Seabuckthorn should be planted along the contour to realize the demands of greening, beautifying[
], and slope protection too.

5.4.2 Model of salina improvement through seabuckthorn: Pure seabuckthorn forest or mixed type of seabuckthorn and herbaceous plants can be set up in the salina with less than 8.89 of pH, not only suitable for native Chinese seabuckthorn but macro seabuckthorn too[
].

5.4.3 Model of plantation of macro seabuckthorn: The specification of planting are 1.5 meter for interplant spacing and row spacing, in a triangle form for horizontal projection of seabuckthorn，and the ratio of female to male should be 8(2 or 9(1. The hole type is suggested for land preparation.
Two bases, ten stations, and ten sub-stations of seabuckthorn have been set up in the five zones, so as to form a seabuckthorn breeding and planting network to cover the Three North areas basically (Table 2). Though the above mentioned bases, stations and substations belong to the Chinese Academy of Sciences, Chinese Academy of Forestry, the Yellow River Water Conservancy Commission of the Ministry of Water Resources, China Administration Center for Seabuckthorn Development (CACSD), and other related provincial and prefecture institutions, the objectives are the same, that is, the gene reserve, breeding and planting of seabuckthorn species. Every seabuckthorn base, station and substation must have its own genes conserving garden, standard planting for popularizing, excellent seed and seedling nursery, and sufficient plantation area for demonstration and spreading, and realize scientific layout and intensive planting. The relationship among the bases, stations and substations should be harmonized to form a compatible, substantial and united network for the research and development of seabuckthorn in the Three North areas, and to avoid the injustice competition each others.
Tab. 2  Network of breeding and cultivation of good varieties of seabuckthorn in Three North areas in China

	knots of network
	Zone 1
	Zone 2
	Zone 3
	Zone 4
	Zone 5

	base
	
	Dongsheng
	Dengkou
	
	

	station
	Xifeng, Ansai
	Yulin, Wuqi, Jungar
	Dalate
	Beijing, Fuxing
	Qiqihar, Suiling

	substation
	Tianshui, Qingshui, Pingliang,Yongshou
	Dingxi, Lishi
	Lanzhou, Wuzhong
	Chifeng
	Datong*


  * Note: Datong, located in the west of the Loess Plateau, adjacent to the Mount Qilian, with high altitude and cold humid climate similar to that of the northern part of Northeast China, is classified to Zone 5

In the eco-construction in the Three North areas, the urgent demands in ecological aspects should be firstly satisfied, because the ecological benefits in the areas are higher than the economic benefits. For farmers, they mainly concern the economic benefits, so the best way is to realize the reasonable combination of ecological and economic benefits, that is, to set up the cash forest under the protection of ecological forest, and ecological forest under the support of the cash forest. The two kinds of seabuckthorn forest should promote and support each other. The native species of Chinese seabuckthorn from good seed orchard, seed production stand are good choices in the rehabilitation jobs, especially for the barren sites. The seabuckthorn cash forest can be established in rehabilitated land using clone varieties with good quality, and be managed intensively. No other than the above work, can the seabuckthorn planting be promoted to harness the eco-environment, to promote the economic development and the social progress in the Three North areas.
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Growth mechanism for

biomass of seabuckthorn stand in the middle part of the loess plateau

TU Xiaoning  XU Tao  XIA Jingfang

（China National Administration Center on Seabuckthorn Development, 100038, Beijing）

Abstract：The growth, biomass and productivity as well as the productivity models of seabuckthorn stand have been studied by standard site sampling in Yan’an, Shaanxi Province, the middle part of the Loess Plateau. The results show as followed: the growth in height, basal diameter and timber volume of seabuckthorn stand do gradually increase with its age prelongating. The average annual timber volume growth and current annual timber volume growth of 20 year-old seabuckthorn stand is 0.2823×10-4 and 0.5731×10-4 m3 respectively. The standing biomass of the stand is 33.5818t·hm-2, more than 80.00 percent is main canopy layer of it. The net annual productivity is 369.9454g·m-2, and is only 40.31 percent of potential productivity for precipitation, so seabuckthorn stand in the area has tremendous potential productivity. 

Key words：seabuckthorn; biomass; growth mechanism
The Seabuckthorn (Hippophae rhamnoides) is the main ecological and economical tree species used for soil and water conservation purpose in the fragile ecological region of the Loess Plateau. Along with the implementation of the project “Beautifying Mountains and Rivers”, the afforested seabuckthorn area will enlarge farther, it will play important role in the construction of ecological environment in the Loess Plateau. A study on the growth mechanism for biomass of sealuckthorn stand has important meaning in the guidance of afforestation in such an area renowned by dry climate and lack timber.

1. NATURAL CONDITIONS OF THE EXPERIMENTAL REGION

  The experimental region is located in the Yan’an City, Shaanxi Province. It belongs to the hilly – gully region of warm temperate zone with continental monsoon climate, the annual mean temperature is 9.4℃, the extreme maximum temperature is 39.8℃, the extreme minimum temperature is –28.5℃, the cumulative temperature higher than 10℃ is 3268.4℃, the mean temperature in January is –6.7℃, the mean temperature in July is 22.9℃. The annual mean precipitation is 550.0 mm, the annual evaporation is 1585.0 mm, the annual relative humidity is 62.0%, the frost-free period is 180d, the annual sunshine time is 2445h, the maximum frozen earth depth is 76.0 cm. The parent material of the soil is loess. Yellow loessial soil is the most post of the composition of loess with pH 8.4 and the depth of loess layer more than 100 cm.

2. METHODOLOGY

  To measure the standing biomass and its productivity by the standard site – standard tree – incised layers with cutting. The tree height is divided by 1.0 m layer, the trunk diameter is divided into 4 classes i.e. ≤1.0 cm, ≤2.0 cm ≤4.0 cm and > 4.0 cm for the underground part, the soil layer is also divided into 4 classes i.e. 0 ~20 cm, 20 ~ 40 cm, 40 ~ 60 cm and deeper than 60 cm. Root systems are subdivided by the most diameter, i.e. ≤0.5cm, ≤2.0cm, ≤4.0 cm and > 4.0cm, then samples are weighted separately, to obtain its water contents and its volume weight.

   In the standard sampling of seabuckthorn, “W” typed holes of 1m×1m, in the arbor layer of the vegetation, leaves and branches are taken as samples separately. For the herb layer, mixed samples are taken. For root systems mixed samples of arbor roots and herb roots. Their biomasses are determined separately, the dead ground vegetation is clarified by decomposition layers and under compositional layers they are determined separately. At the same site where plant samples under the afforested trees are taken.  5 soil profile according to different layer depth of 0~20cm, 20 ~40cm, 40~60cm, >60cm. Soil samples are taken to determine their physical properties, water contents and organic matters.

3. RESULTS AND ANALYSIS

3.1 The Growth Process of Seabrckthorn

   The plant growth belongs to the limited growth. Along with the increasingly enlargement of the individual, the nutritious subsidized to the plant individual also increases, under natural conditions the growth level will drop down owing to the enlargement of the plant individual and subsequently the competition of nutrient and the existing space, so the growth process shown a “fast – slow” variation regulation. 

   As shown in Fig. 1, the seabuckthorn grows rather fast in the beginning, then it slows down gradually and approaches stabilization. The average annual height growth and current annual height growth of seabuckthron individual is 0.334 and 0.259 m respectively, and the average annual basal diameter growth and it’s current annual growth is 0.261 and 0.251 cm respectively, The variation amplitude of the latter is 0.162 ~ 0.462 cm. The growth peak value of the seabuckthorn occurs relatively early and generally within 3 ~ 5 years, it is closely related to the climatic conditions. For example, as the recent 4 years the atmospheric precipitation in Yan’an is rather good, the trunk diameter grows evidently fast (Fig. 2).
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Fig.1 The height growth of the seabuckthron    Fig. 2 The basal diameter growth of the seabuckthorn

  Along with the prelongation in ages of seabuckthorn stand, its cumulative timber volume both average annual growth and current annual growth increase (Fig.3). The average annual volume growth for seabuckthorn timber is 0.2823×10-4m3. The average current annual volume growth is 0.5731×10-4m3. Its variation regulation is similar to that of the variation of biomass, only the amplitude is rather large. The maximum current annual volume growth of the seabuckthron individual timber is 1.1909×10-4m3. In the middle part of the Loess Plateau, the difference in soil composition is not evident, the climatic condition, especially the soil water content or the atmospheric precipitation affects greatly to the trees, directly to the tree height and its trunk diameter, hence affects to the growth of cumulative timber mass.
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Fig. 3 The timber volume growth of seabuckthorn individual

3.2 The biomass of seabuckthorn stand and its distribution

The standing biomass of seabuckthorn stands in the middle part of the Loess Plateau have greatly difference with the stand origination, types, structures and so on. The standing biomass of 20 years-old man-made seabuckthorn stands is 27.0126t·hm-2.

Table 1  The standing biomass of afforested seabuckthorn in arbor layer and its distribution in the middle part of the Loess Plateau

	Forest type
	Ages
	Density

number

per hm-2
	Organs of stands existing biomass (t·hm-2) and its distribution (%)

	
	
	
	Trunk
	Bark
	Branch
	Leaf
	Finest
	Root

system
	Total

	Seabuck-
thorn
	20
	2375
	4.537
	1.451
	6.597
	3.537
	3.155
	7.733
	27.012

	
	
	
	16.80%
	5.37%
	24.42%
	13.09%
	11.68%
	28.63%
	100%


  The biomass of branches of measured afforested seabuckthron has rather great difference (Table 2).  The biomass of seabuckthron branches is 6.597 t·hm-2, the biomass of branches of different classes and relevant percentages different too. In the measured seabuckthron samples, there is no branch with diameter bigger than 4 cm, the biomass with different trunk diameters are giver in Table 2.
Table 2  The branch biomass and its distribution of the afforested seabuckthron

in the middle part of the Loess Plateau

	Forest type
	Standing biomass of branches (t·hm-2) and its distribution (%)

	
	> 4.0 cm
	4.0-2.0 cm
	2.0-1.0 cm
	<1.0 cm
	Withered

branches
	Total

	Seabuck-
thron
	0.000
	0.000
	0.997
	4.158
	1.442
	6.597

	
	0.00%
	0.00%
	15.12%
	63.03%
	21.86%
	100.01%


  The biomass of the afforested seabuckthron root system is 7.733 t·hm-2. The biomass of different root system and its distribution differ greatly. The lateral root system of seabuckthron develops quite well, it occupies 68.73% of the total root system biomass. The fine root system of the seabuckthron grows well (Table 3).  Distribution of root system in different soil layers differs greatly. The seabuckthron root system mainly spreads in soil layer depth 0 ~ 20 cm, those spread in soil alyer depth 20 ~ 40 cm occupy only 15.0%, while those spread in soil layer depth below 40 cm less than 5.0%. Thus we can sea that the seabuckthorn root system grows quite well.

Table 3  The root biomass and its distribution of afforested seabuckthron roots

 in the middle part of the Loess Plateau

	Forest type
	Standing biomass of root system (t·hm-2) and its distribution (%)

	
	< 0.5 cm
	0.5-2.0 cm
	2.04.0 cm
	> 4.0 cm
	main root
	total

	Seabuck-
thron
	0.472
	1.946
	0.00
	0.00
	5.315
	7.733

	
	6.11%
	25.16%
	0.00%
	0.00%
	68.73%
	100%


  A complete vertical forest ecological system includes arbor layer, shrub layer, alive ground surface vegetation cover, dead ground surface vegetation cover (litter layer) and some interlayer plants. Because of the simple structure of the afforested vegetation in Yan’an, the middle part of the Loess Plateau, the stands are divided into three layers, the shrub layer, be alive ground surface vegetation cover and the dead ground surface vegetation cover. Its standing biomass and distributions are given in Table 4. The standing biomass of the afforested seabuckthron stand is 33.5818 t·hm-2.  The alive ground surface vegetation cover layer growth well.

Table 4  Standing biomass of afforested seabuckthron and its distribution in different layers in the middle part of Loess Plateau

	Forest type
	Stand age
	Items of

analyzing
	Standing biomass of the stand (t·hm-2)

and its distribution (%)

	
	
	
	Shrub layer
	Grassy layer
	Litter layer
	Total

	Seabuck-

thron
	20
	Standing

biomass
	27.0116
	4.6610
	1.9093
	33.5818

	
	
	Percentage
	80.435%
	13.879%
	5.685%
	100%


3.3 The Productivity of Seabuckthron and its Simulation

  Applying stand and sampling – standard standing – analytical tree and the dynamic modeling of the tree growth, the afforested seabuckthrn in the middle part of Loess Plateau with 20 year ages has been determined as follows: annual productivity is 369.945 g·m-2, among which the trunk, bark, branches, leaves have net annual productivity of 66.6710, 19.8587, 90.3378, 48.4380 and 105.9155 g·m-2 (Table 5).

Table 5  The net annual productivity of afforented seabuckthron organs

in the middle part of the Loess Plateau (g·m-2·a-1)

	Organs
	Trunk
	Bark
	Branch
	Leaf
	Root system
	Total

	Annual

productivity
	68.6760
	19.8787
	90.3578
	48.4380
	105.9155
	359.9454


  From Table 6, it shows that the estimated value based on the annual mean regional temperature, i.e. the TSPt, is much higher than the estimated value based on the annual mean precipitation i.e. the TSPp, that’s to say water in the main limiting factor for plant productivity in Yan’an region, the middle part of the Loess Plateau, the climatic productivity following. Thornthwaite memorial’s model is between the two estimated value of Miami models, but more close to the climatic productivity based on precipitation.

Table 6  The estimation of productivity of affoustation in the

middle part of Loess Plateau by different models

	Model
	Parameter
	Estimated 

productivity
	Remarks

	TSPt=3000/(1+e1.315-0.119T)
	T = 9.4℃
	1353.1800
	According to annual mean atmospheric temperature

	TSPP=3000(1+e-0.000664P)
	P = 550.0 mm
	917.8200
	According to annual mean atmospheric precipitation

	TSPET=3000(1+e-0.0009695(ET-20))
	ET = 487.7 mm
	1093.2000
	According to real ET in the afforested area


  In fact, the temperature productivity is one of productivity under the comprehensive action of various factors, while the actual evaporation is a compressive temperature 7 factors, it is influenced by a series of factors such as the sunny radiation, temperature, atmospheric pressure, wind velocity. Research result shows that the actual productivity of seabuckthron stand in the middle part of Loess Plateau is 369.9454 g·m-2, it becomes only 27.34%, 40.31% and 33.84% respectively of the temperature productivity, precipitation productivity and evaporation productivity, different tree stands with different ages have great difference of the potential possibility, thus it can be conformed that the construction of vegetation in the middle part of Loess Plateau has enormous potential in the future (Table 7).

Table 7  Comparison between the net productivity of the afforested seabuckthron

in the middle part of Loess Plateau and the climatic productivity
	Forest type
	Net annual

productivity
	Temperature

productive power
	Precipitation

productive power
	Evaporation

Productive power

	
	
	Estimated

value
	Proportion
%
	Estimated

value
	Proportion
%
	Estimated

value
	Proportion
%

	Seabuck-

thron
	369.9454
	1353.18
	27.34
	917.82
	40.31
	1093.2
	33.84


4. CONCLUDING REMARKS AND SUGGESTIONS

  (1) Seabuckthorn grows relatively fast in the beginning period and then it will show down gradually and stabilize. The average annual growth and current annual growth of height, basal diameter and timber volume are respectively 0.334 and 0.259m, 0.261 and 0.251cm, 0.2823×10-4 and 0.5731×10-6m3.  The peak growth of seabuckthorn happens earlier in 3-5 years and is closely related with the climatic conditions.

  (2) The standing biomass of the 20 year-old afforested seabuckthorn is 33.5818t·hm-2, among which the shrub layer, grassy layer and litter layer occupy 80.435%, 13.879% and 5.685% of the total afforested stands respectively. the alive ground surface vegetation layer grows relatively abundant, the biomass of branches and root system in the shrub layer are respectively 6.597 and 7.735 t·hm-2,  the seabuckthorn main root grows well.

  (3) Annual net productivity of the 20 year-old afforested seabuckthorn is 369.9454 g·m-2, it is only 27.34%, 40.31% and 33.84% respectively of the local temperature productivity, local precipitation productivity and local evaporation productivity.  Thus the potential productivity is still very strong in the middle part of Loess Plateau.
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Abstract

As one of the counties owning the most abundant seabuckthorn germplasm resources, China has the responsibility, necessity and conditions to establish the germplasm databases with species, subspecies and other improved varieties of seabuckthorn, distributed in China. Some Chinese institutes have already contributed a lot on access and collection of seabuckthorn germplasm resources in China since 1985. Subsequently, we are going to emphasize on the protection and utilization of seabuckthorn germplasm resources, via in search of financial support and collaborations with professional experts in the worldwide. China Administration Centre for Seabuckthorn Development (CACSD) carried out the first project of seabuckthorn breeding in 1999, and the preservation of seabuckthorn germplasm resources was regarded as the vital task. Jiuchenggong seabuckthorn research station was founded, more than 100 improved varieties and 60,000 cultivars were well preserved and collected there, such as H.rhamnoides L.subsp.sinensis Rousi, H.rhamnoides L.subsp. salicifolia Rousi, H.rhamnoides L.subsp. mongolica Rousi, H.rhamnoides L.subsp. turkestanica Rousi, H.rhamnoides L.subsp. rhamnoides Rousi, within an area of approx 120 ha in total. It is one of the best conservation and collection of seabuckthorn germplasm resources research stations in China so far. This article introduces the research and preservation of seabuckthorn germplasm by CACSD in Jiuchenggong in Inner Mongolia, and a brief review circumstances the main progress of the preservation of seabuckthorn germplasm resources in the world, which proposes a tentative plan of the collaboration on the preservation and sharing of seabuckthorn germplasm resources in the global area.
Keywords: Seabuckthorn, Preservation of seabuckthorn germplasm resources, International cooperation

Seabuckthorn is one of the most interesting and rare plants. Nowadays, it attracts more attention in the worldwide. The establishment of seabuckthorn orchard for the material production and improved quality and quantity seabuckthorn breeding are based on the seabuckthorn germplasm resources. The international seabuckthorn research collaborations have flourished rapidly since the 21st century, which provide a wonderful surrounding for the development of seabuckthorn germplasm resource sharing and preservation globally.

Jiuchenggong seabuckthorn research station was founded in Erdos in Inner Mongolia by China Administration Centre for Seabuckthorn Development (CACSD). The research of seabuckthorn germplasm resource conservation combining seabuckthorn breeding is in progress there. In the meantime of introducing the development of our program to international colleagues, a tentative plan of cooperation of seabuckthorn germplasm resource sharing and preservation in the worldwide is proposed, we heartily anticipant the communication and collaboration with professional experts from all over the world.

1. The significance and mission of seabuckthorn germplasm resources preservation

Facing the serious trend of increasing destroyed biodiversity, soil desertification and losing of biological resources year by year, the value of seabuckthorn on ecology and economy is rising to an obvious point. Seabuckthorn, as a fortune of humans, should be well protected and properly utilized by investigators, and that is the vital mission of us.

Seabuckthorn germplasm resources comprise all species and subspecies disturbed in different climate geographical types and population types in the world. As the reason of disturbed by human’s actions, including production gathering and research collection, some rare populations and potential excellent individuals are becoming extinct, or moved from the original habitat to strange regions, new seabuckthorn varieties are developing via access and hybridization breeding. Therefore, the breeding materials and seabuckthorn varieties departing from in situ should be conserved as the artificial germplasm resources.

Seabuchthorn germplasm resources can be classified as in situ preservation and ex situ preservation. Along with the severe disturbed by the actions of human beings, inconvenient of the traffic and lack of funds, the natural distribution of wild type seabuckthorn germplasm resources in situ meet the difficulty in conservation. Wherefore, the artificial seabuckthorn varieties ex situ are coming into the vital manner of seabuckthorn germplasm resources.

We benefit from the preservation and collection of seabuckthorn germplasm resources in at least two aspects. One is advantageous to bio-ecological characterization and economical value from phenotype, cellular and even gene level of the research and the comparison of different species and subspecies in situ and ex situ, which provide the scientific basis for the better preservation and utilization of seabuckthorn. The other is good for obtaining improved varieties breeding materials with high adaptability, good quality nutrition content, and significant biological products. For instance, H.rhamnoides ssp. Sinensis contents high vitamin C and amino acid and shows good aridity resistance; H.rhamnoides ssp. Mongonica is a little punctures, large fruit, cold resistance and highly grease content varieties; H.rhamnoides ssp. Rhamnoides is humidity resistant and thick pericarp; H.rhamnoides ssp. Turkestanica is good aridity resistant, and H.salicifolia is little punctures and high vitamin C content etc. All these are precious gene resources of seabuckthorn.

Every corresponding work should be carried out as soon as possible to discover the potential strategies and plans of seabuckthorn germplasm resources preservation, to exchange seabuckthorn germplasm resources materials, and to build the research stations for seabuckthorn germplasm resources preservation, via international collaborations.

2. The current research and seabuckthorn germplasm resources preservation in Jiuchenggong station


In China, the main enterprises persisting on continuous seabuckthorn breeding are Dengkou seabuckthorn research station of Inner Mongolia, Desert Forest Experimental Centre of the Chinese Academy of Forestry (CAF), Maoxian Research Station of Mountain Ecosystem, Chengdu Institute of Biology, Chinese Academy of Sciences, Yangling Seabuckthorn Research Station of Shanxi, Institute of Soil and Water Conservation, Chinese Academy of Sciences, Suileng Berry Research Institute, Heilongjiang Academy of Agricultural Sciences, Bakouzi Seabuckthron Research Station of Huhhot, Inner Mongolia Hydraulic Research Institute, Fuxin Seabuchthron Research Station of Liaoning, and CACSD Jiuchenggong Seabuckthorn Research Station etc. in the present. They selected and accessed improved varieties of H.rhamnoides L.subsp.sinensis Rousi and H.rhamnoides L.subsp. salicifolia Rousi from Chinese natural seabuckthorn forest, and improved varieties of H.rhamnoides L.subsp. mongolica Rousi and H.rhamnoides L.subsp. rhamnoides Rousi from Russia, Mongolia, Sweden, Germany and Canada since 1980’. Corresponding research on selective improved varieties seedling progeny and hybrid seabuckthorn breeding have achieved significant results. All those provided abundant data and experiences of seabuckthorn germplasm resources preservation and research.


The first project of seabuckthorn breeding was set up in progress by CACSD in 1999, and CACSD fastened the attention upon the preservation of seabuckthorn germplasm resources. Jiuchenggong was founded as the seabuckthorn research station, more than 100 improved varieties and 60,000 cultivars were well preserved and collected there, such as H.rhamnoides L.subsp.sinensis Rousi, H.rhamnoides L.subsp. salicifolia Rousi, H.rhamnoides L.subsp. mongolica Rousi, H.rhamnoides L.subsp. turkestanica Rousi, H.rhamnoides L.subsp. rhamnoides Rousi, the area is approximate 120 hectare in total. It is one of the best conservation and collection of seabuckthorn germplasm resources research stations in China so far.

2.1 The environment of Jiuchenggong station

Jiuchenggong seabuckthorn research station is located along Jiuchengong valley in Dongsheng district in Erdos in Inner Mongolia. The station is situated on Erdos altiplano, the highest altitude is 1506m, and lowest altitude is 1400m. The yearly average temperature is 7.3ºC from 1999 to 2004, and average precipitation is 380mm, 70% of which takes place from July to September. Year transpiration rate is 1994mm, few rain and arid in spring. The wind is extremely powerful in spring, besides ladders and gentle slopes on both banks of Jiuchenggong valley; there is much eolian deposit sands. The whole valley river system is seasonal rivers and anhydrous perennially, and the underground diving is 3m below the ladders on both riverbanks. In 1999, the first seabuckthorn plantation was established with 30hm2 irrigation system on the gentle slopes and ladders on south bank in the middle and lower reaches Jiuchenggong river course (as in Fig.1). Afterwards seabuckthorn from domestic and overseas were accessed and planted there.

2.2 The survey of seabuckthorn germplasm resources preservation and research

2.2.1 The preservation and collection of seabuckthorn germplasm resources


The collection, preservation and research of seabuckthorn germplasm resources in Jiuchenggong are doing in the company with seeds access and hybridization breeding. Consequently, all established access orchard with improved seabuckthorn clones, improved seabuckthorn seedling progeny and hybrid seabuckthorn filial generation determination forest are conserved as germplasm resources orchards. The preserved seabuckthorn germplasm resources in Jiuchenggong station since 1999 are listed in table 1, which are placed in 10 plantations (as in Fig.2)

2.2.2 Newly established seabuckthorn germplasm resources orchard


In order to create a well conditions for growth of accessed and preserved seabuckthorn, to obtain biological, ecological and economical characterizations, the sand in four orchards in the new established seabuckthorn germplasm resources field and the hybrid seabuckthorn filial generation determination forest in Jiuchenggong station. No.5, No.7, No.8 and No.9 orchards were optimized and improved, and all the four orchards were equipped with new irrigation system.

3. The tentative plan of international seabuckthorn germplasm resources collaboration 

3.1 The current situation of seabuckthorn germplasm resource preservation and research in countries around the world


The collection, preservation, research and utilization of biology germplasm resources are the common emphases in countries around the world. Fruit trees here as a case in point, since 1980’ in China, according to the different ecological distribution of fruit trees varieties, 16 fruit tree orchards were established, and more than 30 varieties, over 10,000 cultivars are conserved for the establishment of national fruit tree resources databases. Eight National Clonal Germplasm Repository of fruit tree were set up one after another since 1981 in USA [1]. Seabuckthorn germplasm resources are added in fruit tree section in National Gene-bank in Germany, and 59 seabuckthorn varieties are well preserved there right now [2].


H.rhamnoides L.subsp. mongolica Rousi is a plenty of seabuckthorn resource in Russian far east Siberia area. In long-term investigation and study, it is sorted into 7 populations by Russian seabukthorn experts: Katong population, Chuleishman population, Chuyiskaya population, Shayan population, Tongjins population, Baigar population and Da'ur population etc.. Above 100 new cultivars were cultivated by geography distant hybridization between different populations.

In 70’ in the last century, German seabuckthorn breeding experts made use of local abundant H.rhamnoides L.subsp. rhamnoides Rousi resources in state farms of Baumschulenweg in Berlin and Dresden to cultivate high production and adaptable sea-buckthorn new variety which transplant to the large-scale plantation, aiming at breeding seabuckthorn new varieties, and established special germplasm resources station in IPK Gatersleben in Dresden in German National Genebank. Prof M. Fischer bred the first generation totally 5 seabuckthorn female varieties in 1979, via selective breeding. First promotion was the late mature variety named “Leikora”, which has large fruit and contain significant vitamin C and oil content. But the fruits drop off hardly which brought much trouble in harvest. Later on, several varieties came into present: middle mature variety “Hergo” is a short fruit stem, easily for harvest; “Frugana” and “Askola” are the early mature varieties with fast growth, another major characteristic of “Askola” is the extremely high tartaric acid content; “Dorana” contains high vitamin C but grow slowly, only can be grown in a certain large plantation limitedly [2].


Also in Belarus, Ukraine, Azerbaijan, Romania, Mongolia, Finland and India, it is rich in natural seabuckthorn resources, and a number of breeding experts are focusing on the related research.

The author of this article has ever proposed a dissertation of ex situ preservation area of seabuckthorn germplasm resources in the worldwide [3][5]. China, as one of the countries owning the most abundant seabuckthorn germplasm resources, has the responsibility, necessity and conditions to establish the germplasm databases with species, the subspecies and other improved varieties of seabuckthorn, which distributed in China. In the view of the fact, some Chinese institutes have already contributed a lot on access and collection of seabuckthorn germplasm resources in China since 1985. Subsequently, we are going to emphasize on the protection and utilization of seabuckthorn germplasm resources, via in search of financial support and collaborations with professional experts in the worldwide.

3.2 The advantages of Jiuchenggong station


According to author’s view, several advantages for developing seabuckthorn germplasm resources preservation in Jiuchenggong station are described below.

3.2.1 Jiuchenggong owns the best suitable surroundings for the growth of H.rhamnoides L.subsp.sinensis Rousi, as situated on Erdos altiplano, half drought (average precipitation 380mm), comparative temperature (yearly average temperature 7.3ºC), plus essential management measures, which also can ensure H.rhamnoides L.subsp. mongolica Rousi, H.rhamnoides L.subsp. turkestanica Rous, H.rhamnoides L.subsp. rhamnoides Rousi and other improved varieties to grow normally.


As a result of climate transition characteristic, the hybrids of seabuckthorn species and subspecies grow up very well in Jiuchenggong station. The single plants with good characters were selected from the first hybrid generations of H.rhamnoides L.subsp.sinensis Rousi and H.rhamnoides L.subsp. mongolica Rousi during grain filling [5][6][7].

A case specially needs to point out, the original plant of H.rhamnoides L.subsp. salicifolia Rousi can not survive in such cold winter (the lowest temperature -26ºC) in principle, however, the hybrid of H.rhamnoides L.subsp. salicifolia Rousi and H.rhamnoides L.subsp. mongolica Rousi X H.rhamnoides L.subsp.sinensis Rousi can appear excellent growth to over winter. Thus, Jiuchenggong is an ideal station to preserve hybrid cultivars of seabuckthorn germplasm resources, especially on the preservation of seabuckthorn original plants and the hybrids via access, domestication and hybridization.

3.2.2 The landform and soil type are various in Jiuchenggong station, involving knoll slopes, river ladders, eolian deposit sands, arsenic sandstone, loess, sand and blacksoil etc. which are advantageous to the natural differentiation and mutate of seabuckthorn, the selection of seabuckthorn with good development and resistance in different local growth is feasible. At the meantime, new cultivars can be generated under this condition.

3.2.3 After several years work on collecting and conserving certain number of seabuckthorn germplasm resources in Jiuchenggong station, the previous experiences are indeed helpful for the further research on seabuckthorn germplasm resources preservation. 

3.2.4 In the present seabuckthorn research stations, Jiuchenggong is close to Beijing (500km), along with the convenient traffic; researchers can easily travel between the station and Beijing. 

3.2.5 The open policy and rapid development of society and economy in China provide the continuous developing of Jiuchenggong station.


Early to 1999, CACSD started to access the improved seabuckthorn from different countries and work on seabuckthorn germplasm resources preservation. CACSD successively met the seabuchthorn experts and experts of conservation of water and soil, coming from Russia, Mongolia, India, US, Canada, Bolivia, World Bank United Nations Development Program and so on. This year, a new project named EAN-buckthorn supported by EU started on 24th Aug. 2005, under the endeavor of Germany, Russia and China. At the same time, a project supported by Ministry of Science and Technology of the P.R. China, China-Romania collaboration of utilization of seabuckthorn germplasm resources is under implementing. With the increasing communication and exchange visits between various countries, the international cooperation and the sharing seabuckthorn germplasm resources preservation and research work are becoming mature day by day. We warmly welcome experts to explore collaborations with us, and provide the essential foundation conditions.

3.3 The tentative plan of developing international collaboration of seabuckthorn germplasm resources preservation and sharing 


The suggestion is to organize international experts to investigate Jiuchenggong station, deliberate and make plans on seabuckthorn germplasm resources preservation and sharing international cooperation, which coordinated by the international sea-buckthorn association science and technology committee, According to the conditions, we intent to develop the following four collaborations:
· The present situation investigation, appraisal and resources sharing of seabuckthorn germplasm resources preservation, collection and research in all countries. 

· Exchange, access test and evaluation of international seabuckthorn germplasm resources.

· Genetic finger print study oof different seabuckthorn species and subspecies, varieties.

· Developing a global breeding research in Jiuchenggong station between China and other countries.
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Table 1 The preservation of seabuckthorn germplasm resources in Jiuchenggong station 
	Species & subspecies
	Kind of seedling 
	Female
	Male
	Number

of species  or hybrid match
	Time of preservation



	H.rhamnoides ssp.sinensis
	Improved plant clone
	
	
	10
	2002-2004

	H.rhamnoides ssp. mongonica
	Improved variety clone
	
	
	25
	2002-2004

	
	Seedling progeny
Improved plant clones
	
	
	6
	1999-2004

	
	
	
	
	
	

	
	Improved Seedling progeny
子代
	
	
	5
	2002-2004

	H.rhamnoides ssp. rhamnoides
	Improved Seedling progeny
	
	
	1
	2004

	H.salicifolia
	Seedling progeny clone
	
	
	1
	2005

	Hybridize varieties
	F1 Seedling 
	H.rhamnoides ssp. mongonica
	H.rhamnoides ssp. sinensis
sinensis sinensis
	20
	1999-2004

	
	
	H.rhamnoides ssp. sinensis

	H.rhamnoides ssp. mongonica
	4
	2002-2004

	
	
	H.rhamnoides ssp. Turkestanica
	H.rhamnoides ssp. sinensis

	
	1999

	
	
	H.rhamnoides ssp. mongonica×H.rhamnoides ssp.sinensis
	H.salicifolia
	10
	2004

	
	
	H.rhamnoides ssp. sinensis

	H.salicifolia
	1
	2004

	
	
	H.rhamnoides ssp. mongonica
	subsp. caucasia Rousi
	2
	2003

	
	
	H.rhamnoides ssp. mongonica
	H.rhamnoides ssp. mongonica
	10
	2002-2004























Fig.2 The distribution of Jiuchenggong seabuckthorn station of CACSD
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Fig.1 Jiuchenggong seabuckthorn station of CACSD
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		新号		果穗数		果实密度		百果重		果产量		成熟期		1年刺

		新杂雌1		48		14		20.80		0.140		824		1.3

		新杂雌2		325		66		12.95		2.778		925		2.4

		新杂雌3		431		64		13.95		3.848		913		0.8

		新杂雌4		137		56		19.58		1.502		908		2.3

		新杂雌5		85		48		19.79		0.807		918		2.2

		新杂雌6		303		53		19.25		3.091		905		2.2

		新杂雌7		30		11		30.66		0.101		815		1.1

		新杂雌8		95		30		28.53		0.813		806		0.8

		新杂雌9		85		24		44.79		0.914		823		1.1

		新杂雌10		86		21		24.97		0.451		824		1.9

		新杂雌11		112		42		42.71		2.009		820		0.7

		新杂雌12		265		47		19.84		2.471		828		1.6

		新杂雌13		180		46		32.90		2.724		806		2.5

		新杂雌14		151		24		18.99		0.688		906		1.9

		新杂雌15		175		52		19.26		1.753		813		1.3

		新杂雌16		29		31		20.70		0.186		828		1.4

		新杂雌17		10		10		21.49		0.021		824		0.3

		新杂雌20		32		11		19.26		0.068		903		1.0

		新杂雌24		92		17		32.56		0.509		816		0.9

		新杂雌26		240		46		21.93		2.421		907		2.0

		新杂雌27		367		62		21.61		4.917		828		0.9

		新杂雌28		35		43		24.39		0.367		824		1.0

		新杂雌29		117		26		15.65		0.476		907		1.0

		新杂雌30		58		25		17.70		0.257		903		1.1

		新杂雌31		10		10		25.18		0.025		820		1.5

		新杂雌32		33		25		26.28		0.217		902		2.0

		新杂雌35		68		27		21.98		0.404		908		1.7

		新杂雌36		52		34		16.59		0.293		905		0.9

		新杂雌37		39		15		20.08		0.117		828		1.4

		新杂雌38		29		22		24.29		0.155		809		1.8

		新杂雌39		10		10		18.86		0.019		923		1.6

		新杂雌40		10		10		28.78		0.029		824		0.7

		新杂雌45		41		29		20.65		0.246		904		0.9

		新杂雌46		31		30		13.86		0.129		824		1.7

		新杂雌48		158		73		12.42		1.433		920		1.6

		新杂雌53		102		41		23.96		1.002		808		1.0

		新杂雌58		14		23		25.37		0.082		823		1.1

		新杂雌62		261		83		16.98		3.678		920		2.6

		新杂雌63		206		59		13.31		1.618		925		2.3

		新杂雌64		47		35		16.44		0.270		824		1.7

		新杂雌65		97		32		13.64		0.423		903		0.7

		新杂雌66		41		22		17.40		0.157		812		1.9

		新杂雌67		78		47		18.99		0.696		925		2.2

		新杂雌68		52		41		16.82		0.359		820		4.4

		新杂雌69		146		54		12.12		0.956		922		2.1

		新杂雌70		156		80		12.94		1.615		922		1.7

		新杂雌71		60		34		9.53		0.194		907		2.3

		新杂雌72		53		46		11.72		0.286		908		2.8

		新杂雌73		117		60		13.30		0.934		922		1.1

		新杂雌75		59		20		16.35		0.193		810		1.2

		平  均		109		37		20.64		1		866		2
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		序号		编号		树高		均冠		冠体		地径		当年枝		1年枝		果色		味道		序号		果纵径		果横径		果形系数		果柄长		果穗数		果实密度		百果重		果产量		1年刺		成熟期						序号		编号		果柄长				序号		编号		果穗数				序号		编号		果实密度				序号		编号		百果重				序号		编号		果产量				序号		编号		1年刺				序号		编号		果柄长				序号		编号		果穗数				序号		编号		果实密度				序号		编号		百果重				序号		编号		果产量				序号		编号		1年刺				1年枝刺		＜0.5		0.5-1		1-1.5		1.5-2		2-2.5		2.5-3		＞3				序号		编号		果形系数				序号		编号		成熟期				成熟期		8.1-8.10		8.11-8.20		8.21-8.31		9.1-9.10		9.11-9.20		9.21-9.30		10.01-10.10		10.11-10.20		10.21-10.31				果穗数		＜50		50-100		100-150		150-200		200-250		＞250						百果重		＜15		15-20		20-25		25-30		30-35		35-40		＞40				果穗数		＜50		50-100		100-150		150-200		200-250		＞250						百果重		＜15		15-20		20-25		25-30		30-35		35-40		＞40

		1		杂雌3		292		204		6.4		5.7		4560		285		橘黄		酸		1		9.53		9.49		1.00		3.6		138.0		29.0		43.70		1.700		0.25		825						3		中雌5		1.4				16		中雌19		25				26		中雌33		21				43		中雌53		8.54				16		中雌19		0.11				32		中雌42		1.27				3		中雌5		1.4				16		中雌19		25				26		中雌33		21				43		中雌53		8.54				16		中雌19		0.11				32		中雌42		1.27				频数（%）		12		22		28		22		8		6		2				15		中雌15		0.81				50		中雌50		823				“蒙×中”杂雌		22		56		18		4														频数（%）		56		24		14		2		4								频数（%）				12		35		22		5		6		2				频数（%）		56		24		14		2		4								频数（%）				12		35		22		5		6		2

		2		杂雌4		296		173		4.6		4.7		1088		68		橘黄		酸甜		2		7.76		7.60		1.02		2.7		28.0		50.0		25.80		0.360		1.50		820						2		中雌4		1.5				39		中雌49		30				24		中雌30		26				23		中雌29		8.72				26		中雌33		0.16				31		中雌41		2.00				2		中雌4		1.5				39		中雌49		30				24		中雌30		26				23		中雌29		8.72				26		中雌33		0.16				31		中雌41		2.00				株数		6		11		14		11		4		3		1				13		中雌13		0.84				41		中雌41		901				中国雌株						2		2		14		34		28		14		6				株数		28		12		7		1		2								株数		0		6		19		11		10		3		1				株数		28		12		7		1		2								株数		0		6		19		11		10		3		1

		3		杂雌5		278		189		5.2		6.1		3618		253		橘红		酸		3		8.34		8.17		1.02		2.7		180.0		80.0		35.80		5.200		0.34		815						24		中雌30		1.5				3		中雌5		39				28		中雌35		28				32		中雌42		9.62				2		中雌4		0.23				9		中雌11		2.14				24		中雌30		1.5				3		中雌5		39				28		中雌35		28				32		中雌42		9.62				2		中雌4		0.23				9		中雌11		2.14				频数（%）						2		2		4		12		80				6		中雌6		0.85				55		中雌55		913																										频数（%）		22		36		16		18		4		2						频数（%）		64		32		4												频数（%）		22		36		16		18		4		2						频数（%）		64		32		4

		4		杂雌6		311		213		7.4		8.5		4301		253		橘黄		酸		4		7.43		7.18		1.03		3.2		229.0		90.0		28.80		5.900		0.66		820						6		中雌8		1.6				18		中雌21		42				16		中雌19		30				42		中雌52		9.9				3		中雌5		0.27				3		中雌5		2.25				6		中雌8		1.6				18		中雌21		42				16		中雌19		30				42		中雌52		9.9				3		中雌5		0.27				3		中雌5		2.25				株数						1		1		2		6		40				14		中雌14		0.87				58		中雌58		913																										株数		11		18		8		9		2		1						株数		32		16		2												株数		11		18		8		9		2		1						株数		32		16		2

		5		杂雌7		290		212		6.8		5.8		4556		268		橘黄		酸		5		7.79		7.17		1.09		4.0		10.0		10.0		22.10		0.050		1.87		825						14		中雌16		1.6				2		中雌4		43				15		中雌18		36				35		中雌45		9.99				18		中雌21		0.27				15		中雌18		2.61				14		中雌16		1.6				2		中雌4		43				15		中雌18		36				35		中雌45		9.99				18		中雌21		0.27				15		中雌18		2.61				“蒙×中”杂雌与中雌1年枝刺频数分布																		4		中雌4		0.88				56		中雌56		914																										“蒙×中”杂雌与中雌果穗数频数分布																		“蒙×中”杂雌与中雌百果重频数分布																		“蒙×中”杂雌与中雌果穗数频数分布																		“蒙×中”杂雌与中雌百果重频数分布

		6		杂雌8		239		240		7.2		4.4		5720		260		橘黄		酸		6		7.62		6.92		1.10		2.4		25.0		20.0		20.70		0.100		0.60		814						39		中雌49		1.6				15		中雌18		43				22		中雌25		42				38		中雌48		10.19				24		中雌30		0.28				7		中雌9		2.69				39		中雌49		1.6				15		中雌18		43				22		中雌25		42				38		中雌48		10.19				24		中雌30		0.28				7		中雌9		2.69				1年枝刺		＜0.5		0.5-1		1-1.5		1.5-2		2-2.5		2.5-3		＞3				5		中雌5		0.9				52		中雌52		916																										果穗数		＜50		50-100		100-150		150-200		200-250		250-300						百果重		＜15		15-20		20-25		25-30		30-35		35-40		＞40				果穗数		＜50		50-100		100-150		150-200		200-250		250-300						百果重		＜15		15-20		20-25		25-30		30-35		35-40		＞40

		7		杂雌9		272		192		5.2		6.1		3105		207		橘红		酸		7		8.02		8.12		0.99		3.4		10.0		10.0		27.00		0.050		0.06		814						42		中雌52		1.6				25		中雌32		44				17		中雌20		43				33		中雌43		10.3				15		中雌18		0.30				35		中雌45		2.88				42		中雌52		1.6				25		中雌32		44				17		中雌20		43				33		中雌43		10.3				15		中雌18		0.30				35		中雌45		2.88				“蒙×中”杂雌		12		22		28		22		8		6		2				51		中雌51		0.9				59		中雌59		916																										“蒙×中”杂雌		56		24		14		2		4								“蒙×中”杂雌				12		35		22		5		6		2				“蒙×中”杂雌		56		24		14		2		4								“蒙×中”杂雌				12		35		22		5		6		2

		8		杂雌10		263		187		4.8		4.0		2329		137		橘黄		酸		8		7.56		7.00		1.08		2.7		22.0		17.0		18.70		0.070		0.95		820						8		中雌10		1.7				26		中雌33		45				1		中雌1		45				3		中雌5		10.32				28		中雌35		0.3				36		中雌46		2.94				8		中雌10		1.7				26		中雌33		45				1		中雌1		45				3		中雌5		10.32				28		中雌35		0.3				36		中雌46		2.94				中国雌株						1		1		2		6		40				22		中雌22		0.91				6		中雌6		918																										中国雌株		22		36		16		18		4		2						中国雌株		64		32		4												中国雌株		22		36		16		18		4		2						中国雌株		64		32		4

		9		杂雌11		235		246		7.4		7.5		5910		394		橘红		酸		9		7.30		7.46		0.98		2.6		72.0		20.0		23.60		0.034		1.19		814						27		中雌34		1.7				45		中雌55		45				25		中雌32		46				27		中雌34		10.79				43		中雌53		0.31				1		中雌1		2.98				27		中雌34		1.7				45		中雌55		45				25		中雌32		46				27		中雌34		10.79				43		中雌53		0.31				1		中雌1		2.98																						54		中雌54		0.91				57		中雌57		918

		10		杂雌13		210		164		3		4.5		1456		112		橘红		酸		10		8.44		7.81		1.08		3.3		10.0		10.0		28.70		0.044		0.77		814						41		中雌51		1.7				44		中雌54		47				43		中雌53		46				24		中雌30		10.85				25		中雌32		0.32				37		中雌47		3.00				41		中雌51		1.7				44		中雌54		47				43		中雌53		46				24		中雌30		10.85				25		中雌32		0.32				37		中雌47		3.00																						11		中雌11		0.92				1		中雌1		921

		11		杂雌14		292		191		5.6		4.1		1480		74		橘红		酸		11		7.87		8.13		0.97		2.6		10.0		10.0		30.20		0.050		1.30		815						44		中雌54		1.7				4		中雌6		48				18		中雌21		47				7		中雌9		10.88				35		中雌45		0.32				44		中雌54		3.08				44		中雌54		1.7				4		中雌6		48				18		中雌21		47				7		中雌9		10.88				35		中雌45		0.32				44		中雌54		3.08																						49		中雌49		0.92				40		中雌40		922

		12		杂雌15		252		183		4.4		5.5		4494		214		橘红		酸甜		12		6.50		7.09		0.92		2.4		127.0		83.0		20.00		2.100		1.48		817						1		中雌1		1.8				35		中雌45		54				2		中雌4		48				40		中雌50		11.01				50		中雌60		0.37				29		中雌37		3.21				1		中雌1		1.8				35		中雌45		54				2		中雌4		48				40		中雌50		11.01				50		中雌60		0.37				29		中雌37		3.21																						60		中雌60		0.92				29		中雌29		923

		13		杂雌16		220		233		6.3		4.4		4643		278		橘酸		酸		13		8.48		8.01		1.06		3.2		241.0		68.0		30.00		5.000		0.90		820						28		中雌35		1.8				17		中雌20		55				38		中雌48		49				50		中雌60		11.04				17		中雌20		0.39				6		中雌8		3.23				28		中雌35		1.8				17		中雌20		55				38		中雌48		49				50		中雌60		11.04				17		中雌20		0.39				6		中雌8		3.23																						43		中雌43		0.93				10		中雌10		924

		14		杂雌17		203		151		2.4		3.8		3072		192		橘红		酸甜		14		8.64		8.18		1.06		3.7		20.0		25.0		31.20		0.160		1.28		823						30		中雌40		1.8				47		中雌57		60				50		中雌60		51				37		中雌47		11.18				39		中雌49		0.44				38		中雌48		3.33				30		中雌40		1.8				47		中雌57		60				50		中雌60		51				37		中雌47		11.18				39		中雌49		0.44				38		中雌48		3.33																						12		中雌12		0.94				23		中雌23		924

		15		杂雌18		273		197		5.5		6.0		4422		201		橘红		酸		15		7.80		8.05		0.97		3.4		110.0		70.0		24.90		1.910		1.64		820						40		中雌50		1.8				49		中雌59		61				6		中雌8		55				2		中雌4		11.33				22		中雌25		0.48				17		中雌20		3.34				40		中雌50		1.8				49		中雌59		61				6		中雌8		55				2		中雌4		11.33				22		中雌25		0.48				17		中雌20		3.34																						19		中雌19		0.94				44		中雌44		924

		16		杂雌19		242		193		4.7		4.1		1360		80		橘红		酸		16		7.02		7.49		0.94		2.5		16.0		16.0		23.20		0.060		1.18		815						43		中雌53		1.8				28		中雌35		66				42		中雌52		56				36		中雌46		11.44				42		中雌52		0.53				30		中雌40		3.36				43		中雌53		1.8				28		中雌35		66				42		中雌52		56				36		中雌46		11.44				42		中雌52		0.53				30		中雌40		3.36																						45		中雌45		0.94				7		中雌7		925

		17		杂雌20		219		129		1.9		4.7		4065		271		橘红		酸甜		17		7.75		7.72		1.00		3.2		30.0		10.0		24.30		0.070		1.53		805						45		中雌55		1.8				50		中雌60		66				35		中雌45		60				10		中雌12		12.29				6		中雌8		0.55				40		中雌50		3.38				45		中雌55		1.8				50		中雌60		66				35		中雌45		60				10		中雌12		12.29				6		中雌8		0.55				40		中雌50		3.38																						10		中雌10		0.95				11		中雌11		925

		18		杂雌21		153		142		1.6		3.3		2080		160		橘黄		酸		18		8.89		8.98		0.99		2.6		42.0		16.0		34.50		0.230		1.80		820						5		中雌7		1.9				10		中雌12		68				4		中雌6		64				46		中雌56		12.3				40		中雌50		0.60				23		中雌29		3.40				5		中雌7		1.9				10		中雌12		68				4		中雌6		64				46		中雌56		12.3				40		中雌50		0.60				23		中雌29		3.40																						29		中雌29		0.95				46		中雌46		925

		19		杂雌22		165		167		2.4		5.5		2100		175		橘黄		酸		19		9.28		7.71		1.20		2.6		73.0		40.0		27.00		0.970		1.84		901						9		中雌11		1.9				6		中雌8		70				3		中雌5		67				19		中雌22		12.33				4		中雌6		0.61				27		中雌34		3.40				9		中雌11		1.9				6		中雌8		70				3		中雌5		67				19		中雌22		12.33				4		中雌6		0.61				27		中雌34		3.40																						30		中雌30		0.95				51		中雌51		925

		20		杂雌24		173		168		2.6		5.3		2397		141		橘黄		酸甜		20		8.22		7.89		1.04		2.9		80.0		35.0		31.40		0.900		1.00		802						23		中雌29		1.9				22		中雌25		70				40		中雌50		67				39		中雌49		12.62				44		中雌54		0.62				41		中雌51		3.43				23		中雌29		1.9				22		中雌25		70				40		中雌50		67				39		中雌49		12.62				44		中雌54		0.62				41		中雌51		3.43																						35		中雌35		0.95				54		中雌54		925

		21		杂雌25		176		172		2.7		3.7		1120		70		橘红		酸		21		9.20		7.92		1.16		3.9		30.0		15.0		33.30		0.150		0.84		805						33		中雌43		1.9				36		中雌46		75				14		中雌16		70				9		中雌11		13.26				45		中雌55		0.62				11		中雌13		3.45				33		中雌43		1.9				36		中雌46		75				14		中雌16		70				9		中雌11		13.26				45		中雌55		0.62				11		中雌13		3.45																						48		中雌48		0.95				13		中雌13		928

		22		杂雌26		172		186		3.1		5.5		3213		189		橘黄		酸		22		7.76		6.93		1.12		2.6		137.0		35.0		22.70		1.100		1.46		815						48		中雌58		1.9				11		中雌13		80				44		中雌54		73				30		中雌40		13.74				36		中雌46		0.69				4		中雌6		3.48				48		中雌58		1.9				11		中雌13		80				44		中雌54		73				30		中雌40		13.74				36		中雌46		0.69				4		中雌6		3.48																						20		中雌20		0.96				15		中雌15		928

		23		杂雌27		256		171		3.9		4.6		3287		173		橘黄		酸甜		23		7.96		6.94		1.15		3.1		40.0		20.0		17.90		0.140		1.63		805						49		中雌59		1.9				21		中雌24		80				37		中雌47		75				8		中雌10		13.76				37		中雌47		0.7				50		中雌60		3.48				49		中雌59		1.9				21		中雌24		80				37		中雌47		75				8		中雌10		13.76				37		中雌47		0.7				50		中雌60		3.48																						21		中雌21		0.96				12		中雌12		930

		24		杂雌28		231		161		3.1		4.7		3762		171		橘黄		酸		24		7.59		7.12		1.07		2.8		77.0		32.0		20.20		0.030		1.21		815						7		中雌9		2				40		中雌50		80				31		中雌41		77				18		中雌21		13.93				49		中雌59		0.84				19		中雌22		3.53				7		中雌9		2				40		中雌50		80				31		中雌41		77				18		中雌21		13.93				49		中雌59		0.84				19		中雌22		3.53																						34		中雌34		0.96				14		中雌14		930

		25		杂雌29		236		164		3.3		4.7		3914		206		橘红		酸		25		7.13		7.68		0.93		2.5		78.0		42.0		25.40		0.830		2.43		815						10		中雌12		2				43		中雌53		80				21		中雌24		78				6		中雌8		14.24				38		中雌48		0.93				14		中雌16		3.56				10		中雌12		2				43		中雌53		80				21		中雌24		78				6		中雌8		14.24				38		中雌48		0.93				14		中雌16		3.56																						50		中雌50		0.96				35		中雌35		930

		26		杂雌30		218		214		5.2		5.4		2629		146		黄		酸		26		6.80		7.28		0.93		2.5		10.0		10.0		21.10		0.050		2.55		809						13		中雌15		2				37		中雌47		84				36		中雌46		80				11		中雌13		14.27				21		中雌24		0.94				24		中雌30		3.56				13		中雌15		2				37		中雌47		84				36		中雌46		80				11		中雌13		14.27				21		中雌24		0.94				24		中雌30		3.56																						8		中雌8		0.97				49		中雌49		930

		27		杂雌33		195		207		4.4		4.8		3608		164		橘黄		酸		27		8.53		8.23		1.04		2.8		30.0		18.0		32.40		0.174		2.32		813						17		中雌20		2				8		中雌10		93				19		中雌22		83				16		中雌19		14.31				19		中雌22		1.03				34		中雌44		3.58				17		中雌20		2				8		中雌10		93				19		中雌22		83				16		中雌19		14.31				19		中雌22		1.03				34		中雌44		3.58																						16		中雌16		0.97				5		中雌5		1002

		28		杂雌34		202		196		4.1		4.3		4240		212		橘黄		甜酸		28		6.90		6.64		1.04		2.3		31.0		18.0		18.90		0.104		1.26		813						18		中雌21		2				42		中雌52		95				7		中雌9		84				12		中雌14		14.55				1		中雌1		1.06				21		中雌24		3.62				18		中雌21		2				42		中雌52		95				7		中雌9		84				12		中雌14		14.55				1		中雌1		1.06				21		中雌24		3.62																						46		中雌46		0.97				8		中雌8		1002

		29		杂雌35		193		137		1.9		6.0		1843		97		橘黄		酸		29		6.97		7.41		0.94		2.4		10.0		10.0		19.60		0.010		1.79		901						31		中雌41		2.0				30		中雌40		99				32		中雌42		86				13		中雌15		14.63				33		中雌43		1.23				45		中雌55		3.63				31		中雌41		2.0				30		中雌40		99				32		中雌42		86				13		中雌15		14.63				33		中雌43		1.23				45		中雌55		3.63																						53		中雌53		0.97				16		中雌16		1002

		30		杂雌36		293		167		4.3		4.3		3380		169		橘红		酸		30		8.03		6.73		1.19		3.4		36.0		50.0		22.40		0.400		0.25		822						50		中雌60		2				19		中雌22		101				49		中雌59		86				45		中雌55		14.76				10		中雌12		1.3				49		中雌59		3.64				50		中雌60		2				19		中雌22		101				49		中雌59		86				45		中雌55		14.76				10		中雌12		1.3				49		中雌59		3.64																						56		中雌56		0.97				34		中雌34		1002

		31		杂雌37		213		168		3.1		5.4		3876		228		橘黄		酸甜		31		7.93		7.65		1.04		2.9		53.0		30.0		26.90		0.430		1.47		825						32		中雌42		2.1				24		中雌30		101				46		中雌56		92				41		中雌51		14.9				32		中雌42		1.3				5		中雌7		3.73				32		中雌42		2.1				24		中雌30		101				46		中雌56		92				41		中雌51		14.9				32		中雌42		1.3				5		中雌7		3.73																						7		中雌7		0.98				47		中雌47		1002

		32		杂雌38		215		147		2.4		3.8		2112		96		橘黄		酸甜		32		9.09		8.09		1.12		3.5		19.0		42.0		33.30		0.270		2.14		809						34		中雌44		2.1				12		中雌14		109				29		中雌37		93				21		中雌24		14.98				47		中雌57		1.3				46		中雌56		3.76				34		中雌44		2.1				12		中雌14		109				29		中雌37		93				21		中雌24		14.98				47		中雌57		1.3				46		中雌56		3.76																						24		中雌24		0.98				37		中雌37		1003

		33		杂雌39		203		150		2.4		4.1		1728		108		橘红		酸		33		8.19		7.10		1.15		2.2		10.0		10.0		18.80		0.010		2.60		813						34		中雌45		2.1				31		中雌41		112				34		中雌44		93				31		中雌41		15.50				31		中雌41		1.34				39		中雌49		3.77				34		中雌45		2.1				31		中雌41		112				34		中雌44		93				31		中雌41		15.50				31		中雌41		1.34				39		中雌49		3.77																						40		中雌40		0.98				4		中雌4		1008

		34		杂雌40		131		127		1.1		4.2		1254		66		黄		酸		34		7.61		7.06		1.08		3.5		51.0		84.0		24.20		1.040		0.66		809						36		中雌47		2.1				33		中雌43		123				45		中雌55		93				25		中雌32		15.68				30		中雌40		1.35				42		中雌52		3.78				36		中雌47		2.1				33		中雌43		123				45		中雌55		93				25		中雌32		15.68				30		中雌40		1.35				42		中雌52		3.78																						41		中雌41		0.99				20		中雌20		1008

		35		杂雌41		180		119		1.3		3.2		1680		84		橘黄		酸		35		6.86		6.95		0.99		3.0		15.0		42.0		20.00		0.130		3.35		809						47		中雌57		2.1				1		中雌1		127				33		中雌43		97				22		中雌25		16.16				8		中雌10		1.8				12		中雌14		3.82				47		中雌57		2.1				1		中雌1		127				33		中雌43		97				22		中雌25		16.16				8		中雌10		1.8				12		中雌14		3.82																						52		中雌52		0.99				22		中雌22		1008

		36		杂雌42		160		98		0.8		3.3		912		57		橘红		酸		36		6.81		6.42		1.06		2.5		10.0		10.0		15.60		0.050		2.77		822						26		中雌33		2.2				13		中雌15		135				27		中雌34		98				49		中雌59		16.16				23		中雌29		1.8				8		中雌10		3.86				26		中雌33		2.2				13		中雌15		135				27		中雌34		98				49		中雌59		16.16				23		中雌29		1.8				8		中雌10		3.86																						1		中雌1		1				25		中雌25		1008

		37		杂雌43		152		116		1.1		4.1		1521		117		橘黄		酸甜		37		7.94		7.63		1.04		4.4		13.0		40.0		23.90		0.120		1.53		809						37		中雌48		2.2				14		中雌16		153				30		中雌40		98				28		中雌35		16.28				11		中雌13		1.83				26		中雌33		3.88				37		中雌48		2.2				14		中雌16		153				30		中雌40		98				28		中雌35		16.28				11		中雌13		1.83				26		中雌33		3.88																						25		中雌25		1				32		中雌32		1008

		38		杂雌44		201		154		2.5		6.1		3237		249		橘红		酸		38		7.76		6.57		1.18		2.8		85.0		50.0		22.10		0.940		0.40		822						12		中雌14		2.3				32		中雌42		157				20		中雌23		105				47		中雌57		16.36				27		中雌34		1.88				25		中雌32		3.89				12		中雌14		2.3				32		中雌42		157				20		中雌23		105				47		中雌57		16.36				27		中雌34		1.88				25		中雌32		3.89																						55		中雌55		1				33		中雌33		1008

		39		杂雌49		173		131		1.6		3.6		2538		141		橘黄		酸		39		7.74		7.14		1.08		4.0		77.0		56.0		26.84		1.200		1.56		817						16		中雌19		2.3				5		中雌7		170				39		中雌49		116				17		中雌20		16.45				7		中雌9		2.02				43		中雌53		3.92				16		中雌19		2.3				5		中雌7		170				39		中雌49		116				17		中雌20		16.45				7		中雌9		2.02				43		中雌53		3.92																						58		中雌58		1				53		中雌53		1008

		40		杂雌50		165		151		2		5.7		2512		157		橘黄		酸		40		8.09		8.19		0.99		3.2		10.0		10.0		29.00		0.014		1.12		818						29		中雌37		2.3				9		中雌11		171				23		中雌29		118				26		中雌33		16.67				46		中雌56		2.06				47		中雌57		3.93				29		中雌37		2.3				9		中雌11		171				23		中雌29		118				26		中雌33		16.67				46		中雌56		2.06				47		中雌57		3.93																						33		中雌33		1.01				60		中雌60		1008

		41		杂雌51		183		154		2.3		4.5		2436		174		橘黄		酸		41		8.80		8.59		1.02		3.1		15.0		30.0		31.22		0.140		1.01		809						11		中雌13		2.4				48		中雌58		174				5		中雌7		122				5		中雌7		16.83				14		中雌16		2.13				20		中雌23		3.95				11		中雌13		2.4				48		中雌58		174				5		中雌7		122				5		中雌7		16.83				14		中雌16		2.13				20		中雌23		3.95																						37		中雌37		1.01				30		中雌30		1014

		42		杂雌52		220		205		4.8		5.7		4428		246		橘黄		酸		42		9.62		7.91		1.22		4.1		120.0		50.0		29.80		1.800		0.89		815						19		中雌22		2.4				23		中雌29		175				47		中雌57		132				20		中雌23		17.12				12		中雌14		2.44				10		中雌12		4.01				19		中雌22		2.4				23		中雌29		175				47		中雌57		132				20		中雌23		17.12				12		中雌14		2.44				10		中雌12		4.01																						9		中雌9		1.02				18		中雌18		1015

		43		杂雌53		240		193		4.7		7.0		2932		181		橘黄		酸		43		7.28		6.90		1.06		3.3		150.0		83.0		25.00		3.120		0.29		815						25		中雌32		2.4				27		中雌34		179				48		中雌58		137				44		中雌54		18.05				9		中雌11		3.32				2		中雌4		4.02				25		中雌32		2.4				27		中雌34		179				48		中雌58		137				44		中雌54		18.05				9		中雌11		3.32				2		中雌4		4.02																						18		中雌18		1.02				24		中雌24		1015

		44		杂雌54		213		170		3.2		7.6		4505		265		橘红		酸		44		9.38		8.49		1.10		3.2		70.0		35.0		35.70		0.870		1.21		820						21		中雌24		2.5				46		中雌56		182				8		中雌10		140				29		中雌37		18.15				13		中雌15		3.39				48		中雌58		4.06				21		中雌24		2.5				46		中雌56		182				8		中雌10		140				29		中雌37		18.15				13		中雌15		3.39				48		中雌58		4.06																						44		中雌44		1.02				45		中雌45		1015

		45		杂雌55		226		256		7.8		6.2		2326		164		橘黄		酸		45		8.66		8.05		1.08		2.6		57.0		40.0		21.30		0.490		1.78		820						35		中雌46		2.5				38		中雌48		190				9		中雌11		146				48		中雌58		18.26				5		中雌7		3.48				13		中雌15		4.14				35		中雌46		2.5				38		中雌48		190				9		中雌11		146				48		中雌58		18.26				5		中雌7		3.48				13		中雌15		4.14																						32		中雌32		1.03				48		中雌48		1015

		46		杂雌56		250		209		5.7		6.0		2030		145		橘黄		酸甜		46		8.49		8.95		0.95		2.2		10.0		10.0		37.53		0.060		1.84		820						20		中雌23		2.8				20		中雌23		200				10		中雌12		155				1		中雌1		18.52				20		中雌23		3.6				18		中雌21		4.22				20		中雌23		2.8				20		中雌23		200				10		中雌12		155				1		中雌1		18.52				20		中雌23		3.6				18		中雌21		4.22																						47		中雌47		1.03				21		中雌21		1020

		47		杂雌57		185		213		4.4		5.1		3468		204		橘黄		酸甜		47		7.56		7.67		0.99		2.2		40.0		40.0		23.30		0.370		2.12		825						22		中雌25		2.9				34		中雌44		202				11		中雌13		160				15		中雌18		19.69				34		中雌44		4.23				22		中雌25		4.23				22		中雌25		2.9				34		中雌44		202				11		中雌13		160				15		中雌18		19.69				34		中雌44		4.23				22		中雌25		4.23																						57		中雌57		1.03				42		中雌42		1020

		48		杂雌58		253		169		3.8		4.6		1456		91		橘黄		酸		48		9.34		8.25		1.13		3.1		27.0		75.0		30.40		0.600		0.70		817						46		中雌56		2.9				7		中雌9		220				12		中雌14		167				14		中雌16		19.79				48		中雌58		4.36				16		中雌19		4.49				46		中雌56		2.9				7		中雌9		220				12		中雌14		167				14		中雌16		19.79				48		中雌58		4.36				16		中雌19		4.49																						23		中雌23		1.04				19		中雌19		1025

		49		杂雌59		208		224		5.5		5.5		5149		271		橘黄		酸甜		49		7.78		8.20		0.95		2.9		50.0		40.0		24.80		0.500		0.79		822						4		中雌6		3.1				41		中雌51		256				13		中雌15		170				4		中雌6		20.1				29		中雌37		5.8				28		中雌35		4.78				4		中雌6		3.1				41		中雌51		256				13		中雌15		170				4		中雌6		20.1				29		中雌37		5.8				28		中雌35		4.78																						59		中雌59		1.04				9		中雌9		1030

		50		杂雌60		256		194		5		5.8		3122		233		橘黄		酸甜		50		8.55		7.57		1.13		3.1		110.0		84.0		27.20		2.500		1.25		808						15		中雌18		3.1				29		中雌37		342				41		中雌51		205				34		中雌44		22.52				41		中雌51		7.81				33		中雌43		4.90				15		中雌18		3.1				29		中雌37		342				41		中雌51		205				34		中雌44		22.52				41		中雌51		7.81				33		中雌43		4.90																						42		中雌42		1.07				43		中雌43		1030

		平均				222		178		3.9		5.1		3019		178						平均		8.01		7.65		1.05		3.0		58.9		36.4		26.2		0.85		1.35

		序号		编号		树高		均冠		冠体		地径		当年枝		1年枝		果色		味道				果纵径		果横径		果形系数		果柄长		果穗数		果实密度		百果重		果产量		1年刺		成熟期

		百果重		果产量				果穗数		果产量				果实密度		果产量																																“蒙×中”杂雌与中雌果柄长度频数分布																		“蒙×中”杂雌与中雌果实密度频数分布																“蒙×中”杂雌与中雌果实产量频数分布														“蒙×中”杂雌与中雌果柄长度频数分布																		“蒙×中”杂雌与中雌果实密度频数分布																“蒙×中”杂雌与中雌果实产量频数分布

		43.70		1.700				138.0		1.700				29.0		1.700																																果柄长		＜2		2-2.5		2.5-3		3-3.5		3.5-4		4-4.5		＞4.5				果实密度		＜20		20-40		40-60		60-80		80-100		＞100				果实产量		＜1		1/2		2/3		3/4		4/5		＞5		果柄长		＜2		2-2.5		2.5-3		3-3.5		3.5-4		4-4.5		＞4.5				果实密度		＜20		20-40		40-60		60-80		80-100		＞100				果实产量		＜1		1/2		2/3		3/4		4/5		＞5

		25.80		0.360				28.0		0.360				50.0		0.360																																频数（%）				22		32		32		10		4						频数（%）		34		32		16		8		8		2				频数（%）		76		12		4		2		2		4		频数（%）				22		32		32		10		4						频数（%）		34		32		16		8		8		2				频数（%）		76		12		4		2		2		4

		35.80		5.200				180.0		5.200				80.0		5.200																																株数		0		11		16		16		5		2						株数		17		16		8		4		4		1				株数		38		6		2		1		1		2		株数		0		11		16		16		5		2						株数		17		16		8		4		4		1				株数		38		6		2		1		1		2

		28.80		5.900				229.0		5.900				90.0		5.900																																频数（%）		46		40		10		4										频数（%）				10		24		18		22		26				频数（%）		52		24		8		8		4		4		频数（%）		46		40		10		4										频数（%）				10		24		18		22		26				频数（%）		52		24		8		8		4		4

		22.10		0.050				10.0		0.050				10.0		0.050																																株数		23		20		5		2										株数		0		5		12		9		11		13				株数		26		12		4		4		2		2		株数		23		20		5		2										株数		0		5		12		9		11		13				株数		26		12		4		4		2		2

		20.70		0.100				25.0		0.100				20.0		0.100

		27.00		0.050				10.0		0.050				10.0		0.050																																“蒙×中”杂雌与中雌果柄长度频数分布																		“蒙×中”杂雌与中雌果实密度频数分布																“蒙×中”杂雌与中雌果实产量频数分布														“蒙×中”杂雌与中雌果柄长度频数分布																		“蒙×中”杂雌与中雌果实密度频数分布																“蒙×中”杂雌与中雌果实产量频数分布

		18.70		0.070				22.0		0.070				17.0		0.070																																果柄长度		＜2		2-2.5		2.5-3		3-3.5		3.5-4		4-4.5		＞4.5				果实密度		＜20		20-40		40-60		60-80		80-100		＞100				果实产量		＜1		2/3		2/3		3/4		4/5		＞5		果柄长度		＜2		2-2.5		2.5-3		3-3.5		3.5-4		4-4.5		＞4.5				果实密度		＜20		20-40		40-60		60-80		80-100		＞100				果实产量		＜1		1/2		2/3		3/4		4/5		＞5

		23.60		0.034				72.0		0.034				20.0		0.034																																“蒙×中”杂雌				22		32		32		10		4						“蒙×中”杂雌		34		32		16		8		8		2				“蒙×中”杂雌		76		12		4		2		2		4		“蒙×中”杂雌				22		32		32		10		4						“蒙×中”杂雌		34		32		16		8		8		2				“蒙×中”杂雌		76		12		4		2		2		4

		28.70		0.044				10.0		0.044				10.0		0.044																																中国雌株		46		40		10		4										中国雌株				10		24		18		22		26				中国雌株		52		24		8		8		4		4		中国雌株		46		40		10		4										中国雌株				10		24		18		22		26				中国雌株		52		24		8		8		4		4

		30.20		0.050				10.0		0.050				10.0		0.050

		20.00		2.100				127.0		2.100				83.0		2.100

		30.00		5.000				241.0		5.000				68.0		5.000

		31.20		0.160				20.0		0.160				25.0		0.160

		24.90		1.910				110.0		1.910				70.0		1.910

		23.20		0.060				16.0		0.060				16.0		0.060

		24.30		0.070				30.0		0.070				10.0		0.070

		34.50		0.230				42.0		0.230				16.0		0.230

		27.00		0.970				73.0		0.970				40.0		0.970

		31.40		0.900				80.0		0.900				35.0		0.900

		33.30		0.150				30.0		0.150				15.0		0.150

		22.70		1.100				137.0		1.100				35.0		1.100

		17.90		0.140				40.0		0.140				20.0		0.140

		20.20		0.030				77.0		0.030				32.0		0.030

		25.40		0.830				78.0		0.830				42.0		0.830

		21.10		0.050				10.0		0.050				10.0		0.050

		32.40		0.174				30.0		0.174				18.0		0.174

		18.90		0.104				31.0		0.104				18.0		0.104

		19.60		0.010				10.0		0.010				10.0		0.010

		22.40		0.400				36.0		0.400				50.0		0.400

		26.90		0.430				53.0		0.430				30.0		0.430

		33.30		0.270				19.0		0.270				42.0		0.270

		18.80		0.010				10.0		0.010				10.0		0.010

		24.20		1.040				51.0		1.040				84.0		1.040

		20.00		0.130				15.0		0.130				42.0		0.130

		15.60		0.050				10.0		0.050				10.0		0.050

		23.90		0.120				13.0		0.120				40.0		0.120

		22.10		0.940				85.0		0.940				50.0		0.940

		26.84		1.200				77.0		1.200				56.0		1.200

		29.00		0.014				10.0		0.014				10.0		0.014

		31.22		0.140				15.0		0.140				30.0		0.140

		29.80		1.800				120.0		1.800				50.0		1.800

		25.00		3.120				150.0		3.120				83.0		3.120

		35.70		0.870				70.0		0.870				35.0		0.870

		21.30		0.490				57.0		0.490				40.0		0.490

		37.53		0.060				10.0		0.060				10.0		0.060

		23.30		0.370				40.0		0.370				40.0		0.370

		30.40		0.600				27.0		0.600				75.0		0.600

		24.80		0.500				50.0		0.500				40.0		0.500

		27.20		2.500				110.0		2.500				84.0		2.500
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图7“蒙×中”杂雌果实产量与百果重关系
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图8“蒙×中”杂雌果实产量与果穗数关系
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Sheet1

		蒙中杂雌选优模糊决策分析																														“蒙×中”杂雌选优综合指数分析

		序号		样株号		单产		等测变		百果重		等测变		果柄长		等测变		1年枝刺		等测变		冠体		等测变		决策元						序号		样株号		冠体		等测变		百果重		等测变		果产量		等测变		果柄长		等测变		1年刺		等测变		决策指数

		38		杂雌42		0.050		0.008		15.60		0.357		2.5		0.568		2.77		0.022		0.8		0.081		0.179						4		杂雌6		7.4		0.949		28.8		0.659		5.9		1.000		3.2		0.727		0.66		0.091		0.712

		35		杂雌39		0.010		0.002		18.80		0.430		2.2		0.500		2.60		0.023		2.4		0.243		0.208						3		杂雌5		5.2		0.667		35.8		0.819		5.2		0.881		2.7		0.614		0.34		0.176		0.658

		31		杂雌35		0.010		0.002		19.60		0.449		2.4		0.546		1.79		0.034		1.8		0.182		0.215						13		杂雌16		6.3		0.808		30.0		0.686		4.9		0.831		3.2		0.727		0.90		0.067		0.634

		37		杂雌41		0.130		0.022		20.00		0.458		3.0		0.682		3.35		0.018		1.3		0.135		0.229						1		杂雌3		6.4		0.821		43.7		1.000		1.7		0.288		3.6		0.818		0.25		0.240		0.580

		30		杂雌34		0.104		0.018		18.90		0.432		2.3		0.523		1.26		0.048		4.0		0.413		0.238						7		杂雌9		5.2		0.667		27.0		0.618		0.1		0.008		3.4		0.773		0.06		1.000		0.537

		24		杂雌28		0.030		0.001		20.20		0.462		2.8		0.636		1.21		0.050		3.1		0.312		0.244						43		杂雌53		4.7		0.603		25.0		0.572		3.1		0.529		3.3		0.750		0.29		0.207		0.510

		23		杂雌27		0.140		0.024		17.90		0.410		3.1		0.705		1.63		0.037		3.9		0.398		0.248						50		杂雌60		5.0		0.641		27.2		0.622		2.5		0.424		3.1		0.705		1.25		0.048		0.460

		8		杂雌10		0.070		0.012		18.70		0.428		2.7		0.614		0.95		0.063		4.1		0.419		0.248						42		杂雌52		4.8		0.615		29.8		0.682		1.8		0.305		4.1		0.932		0.89		0.067		0.458

		26		杂雌30		0.050		0.008		21.10		0.483		2.5		0.568		2.55		0.024		5.2		0.534		0.262						15		杂雌18		5.5		0.705		24.9		0.570		1.9		0.324		3.4		0.773		1.64		0.037		0.437

		22		杂雌26		1.100		0.038		22.70		0.519		2.6		0.591		1.46		0.041		3.1		0.317		0.266						45		杂雌55		7.8		1.000		21.3		0.487		0.5		0.083		2.6		0.591		1.78		0.034		0.388

		52		杂雌57		0.370		0.063		23.30		0.533		2.2		0.500		2.12		0.028		4.3		0.435		0.278						平均				5.8		0.747		29.4		0.672		2.8		0.467		3.3		0.741		0.81		0.197		0.537

		16		杂雌19		0.060		0.010		23.20		0.531		2.5		0.614		1.18		0.051		4.5		0.459		0.280						46		杂雌56		5.7		0.731		37.5		0.859		0.1		0.010		2.2		0.500		1.84		0.033		0.377

		17		杂雌20		0.070		0.012		24.30		0.556		3.2		0.727		1.53		0.039		3.3		0.339		0.285						5		杂雌7		6.8		0.872		22.1		0.506		0.1		0.008		4.0		0.909		1.87		0.032		0.375

		39		杂雌43		0.120		0.020		23.90		0.547		4.4		1.000		1.53		0.039		1.1		0.109		0.289						12		杂雌15		4.4		0.564		20.0		0.458		2.1		0.356		2.4		0.545		1.48		0.041		0.374

		6		杂雌08		0.100		0.017		20.70		0.474		2.4		0.546		0.60		0.100		7.0		0.712		0.293						44		杂雌54		3.2		0.410		35.7		0.817		0.9		0.147		3.2		0.727		1.21		0.050		0.372

		45		杂雌50		0.014		0.002		29.00		0.664		3.2		0.727		1.12		0.054		2.0		0.200		0.303						9		杂雌11		7.4		0.949		23.6		0.540		0.0		0.006		2.6		0.591		1.19		0.050		0.369

		2		杂雌04		0.360		0.061		25.80		0.590		2.7		0.614		1.50		0.040		4.5		0.463		0.311						49		杂雌59		5.5		0.705		24.8		0.568		0.5		0.085		2.9		0.659		0.79		0.076		0.361

		25		杂雌29		0.830		0.141		25.40		0.581		2.5		0.568		2.43		0.025		3.3		0.335		0.312						6		杂雌8		7.2		0.923		20.7		0.474		0.1		0.017		2.4		0.545		0.60		0.100		0.359

		33		杂雌37		0.430		0.073		26.90		0.616		2.9		0.659		1.47		0.041		3.1		0.322		0.313						30		杂雌36		4.3		0.551		22.4		0.513		0.4		0.068		3.4		0.773		0.25		0.240		0.358

		50		杂雌55		0.490		0.083		21.30		0.487		2.6		0.591		1.78		0.034		7.4		0.762		0.313						48		杂雌58		3.8		0.487		30.4		0.696		0.6		0.102		3.1		0.705		0.70		0.086		0.355

		5		杂雌07		0.050		0.008		22.10		0.506		4.0		0.909		1.87		0.032		6.1		0.625		0.314						11		杂雌14		5.6		0.718		30.2		0.691		0.1		0.008		2.6		0.591		1.30		0.046		0.353

		40		杂雌44		0.940		0.159		22.10		0.506		2.8		0.636		0.40		0.150		2.5		0.253		0.318						27		杂雌33		4.4		0.564		32.4		0.741		0.2		0.029		2.8		0.636		2.32		0.026		0.339

		10		杂雌13		0.044		0.007		28.70		0.657		3.3		0.750		0.77		0.078		2.9		0.293		0.319						20		杂雌24		2.6		0.333		31.4		0.719		0.9		0.153		2.9		0.659		1.00		0.060		0.334

		19		杂雌22		0.970		0.164		27.00		0.618		2.6		0.591		1.84		0.033		2.4		0.246		0.325						21		杂雌25		2.7		0.346		33.3		0.762		0.2		0.025		3.9		0.886		0.84		0.071		0.332

		11		杂雌14		0.010		0.002		30.20		0.691		2.6		0.591		1.30		0.046		5.0		0.508		0.327						2		杂雌4		4.6		0.590		25.8		0.590		0.4		0.061		2.7		0.614		1.50		0.040		0.324

		46		杂雌51		0.140		0.024		31.22		0.714		3.1		0.705		1.01		0.059		2.3		0.232		0.327						39		杂雌49		1.6		0.205		26.8		0.614		1.2		0.203		4.0		0.909		1.56		0.038		0.323

		54		杂雌59		0.500		0.085		24.80		0.568		2.9		0.659		0.79		0.076		4.9		0.503		0.327						32		杂雌38		2.4		0.308		33.3		0.762		0.3		0.046		3.5		0.795		2.14		0.028		0.313

		36		杂雌40		1.040		0.176		24.20		0.554		3.5		0.796		0.66		0.091		1.1		0.108		0.328						38		杂雌44		2.5		0.321		22.1		0.506		0.9		0.159		2.8		0.636		0.40		0.150		0.307

		18		杂雌21		0.230		0.039		34.50		0.789		2.6		0.591		1.80		0.033		1.5		0.154		0.330						22		杂雌26		3.1		0.397		22.7		0.519		1.1		0.186		2.6		0.591		1.46		0.041		0.307

		9		杂雌11		0.034		0.006		23.60		0.540		2.6		0.591		1.19		0.050		9.8		1.000		0.333						14		杂雌17		2.4		0.308		31.2		0.714		0.2		0.027		3.7		0.841		1.28		0.047		0.306

		14		杂雌17		0.160		0.027		31.20		0.714		3.7		0.841		1.28		0.047		2.3		0.236		0.339						25		杂雌29		3.3		0.423		25.4		0.581		0.8		0.141		2.5		0.568		2.43		0.025		0.305

		32		杂雌36		0.400		0.068		22.40		0.513		3.4		0.773		0.25		0.240		4.0		0.408		0.340						10		杂雌13		3.0		0.385		28.7		0.657		0.0		0.007		3.3		0.750		0.77		0.078		0.301

		29		杂雌33		0.174		0.029		32.40		0.741		2.8		0.636		2.32		0.026		4.4		0.445		0.345						19		杂雌22		2.4		0.308		27.0		0.618		1.0		0.164		2.6		0.591		1.84		0.033		0.300

		12		杂雌15		2.100		0.356		20.00		0.458		2.4		0.546		1.48		0.041		4.3		0.442		0.351						31		杂雌37		3.1		0.397		26.9		0.616		0.4		0.073		2.9		0.659		1.47		0.041		0.299

		44		杂雌49		1.200		0.203		26.84		0.614		4.0		0.909		1.56		0.038		1.6		0.159		0.360						16		杂雌19		4.7		0.603		23.2		0.531		0.1		0.010		2.5		0.568		1.18		0.051		0.297

		53		杂雌58		0.600		0.102		30.40		0.696		3.1		0.705		0.70		0.086		3.2		0.330		0.360						26		杂雌30		5.2		0.667		21.1		0.483		0.1		0.008		2.5		0.568		2.55		0.024		0.294

		20		杂雌24		0.900		0.153		31.40		0.719		2.9		0.659		1.00		0.060		2.6		0.261		0.365						47		杂雌57		4.4		0.564		23.3		0.533		0.4		0.063		2.2		0.500		2.12		0.028		0.294

		34		杂雌38		0.270		0.009		33.30		0.762		3.5		0.796		2.14		0.028		2.3		0.503		0.367						41		杂雌51		2.3		0.295		31.2		0.714		0.1		0.024		3.1		0.705		1.01		0.059		0.291

		21		杂雌25		0.150		0.025		33.30		0.762		3.9		0.886		0.84		0.071		2.7		0.280		0.367						34		杂雌40		1.1		0.141		24.2		0.554		1.0		0.176		3.5		0.795		0.66		0.091		0.290

		51		杂雌56		0.060		0.010		37.53		0.859		2.2		0.500		1.84		0.033		5.3		0.537		0.371						8		杂雌10		4.8		0.615		18.7		0.428		0.1		0.012		2.7		0.614		0.95		0.063		0.286

		15		杂雌18		1.910		0.324		24.90		0.570		3.4		0.773		1.64		0.037		5.2		0.529		0.406						18		杂雌21		1.6		0.205		34.5		0.789		0.2		0.039		2.6		0.591		1.80		0.033		0.276

		49		杂雌54		0.870		0.147		35.70		0.817		3.2		0.727		1.21		0.050		5.4		0.552		0.427						40		杂雌50		2.0		0.256		29.0		0.664		0.0		0.002		3.2		0.727		1.12		0.054		0.268

		48		杂雌53		2.600		0.441		21.00		0.481		3.3		0.750		0.29		0.207		4.4		0.452		0.438						23		杂雌27		3.9		0.500		17.9		0.410		0.1		0.024		3.1		0.705		1.63		0.037		0.267

		55		杂雌60		2.500		0.424		27.20		0.622		3.1		0.705		1.25		0.048		5.0		0.513		0.445						28		杂雌34		4.1		0.526		18.9		0.432		0.1		0.018		2.3		0.523		1.26		0.048		0.259

		47		杂雌52		1.800		0.305		29.80		0.682		4.1		0.932		0.89		0.067		5.1		0.522		0.455						37		杂雌43		1.1		0.141		23.9		0.547		0.1		0.020		4.4		1.000		1.53		0.039		0.252

		7		杂雌09		0.050		0.008		27.00		0.618		3.4		0.773		0.06		1.000		5.2		0.537		0.519						24		杂雌28		3.1		0.397		20.2		0.462		0.0		0.005		2.8		0.636		1.21		0.050		0.247

		1		杂雌03		1.700		0.288		43.70		1.000		3.6		0.818		0.25		0.240		5.9		0.601		0.576						17		杂雌20		1.9		0.244		24.3		0.556		0.1		0.012		3.2		0.727		1.53		0.039		0.244

		13		杂雌16		5.000		0.847		30.60		0.700		3.2		0.727		1.44		0.047		6.2		0.637		0.610						35		杂雌41		1.3		0.167		20.0		0.458		0.1		0.022		3.0		0.682		3.35		0.018		0.203

		3		杂雌05		5.200		0.881		35.80		0.819		2.7		0.614		0.34		0.176		4.4		0.455		0.652						33		杂雌39		2.4		0.308		18.8		0.430		0.0		0.002		2.2		0.500		2.60		0.023		0.203

		4		杂雌06		5.900		1.000		28.80		0.659		3.2		0.727		0.66		0.091		7.0		0.718		0.660						29		杂雌35		1.9		0.244		19.6		0.449		0.0		0.002		2.4		0.545		1.79		0.034		0.200

				平均		0.841				26.2				2.996				1.36				3.9				0.346						36		杂雌42		0.8		0.103		15.6		0.357		0.1		0.008		2.5		0.568		2.77		0.022		0.156

																																平均				4.0		0.510		26.3		0.602		0.9		0.150		3.0		0.682		1.34		0.084		0.353





Sheet2

		“蒙×中”杂交雌株50株结实单株性状表																																																																																																																																																																		“蒙×中”杂雌与中雌1年枝刺频数分布

		序号		编号		树高		均冠		冠体		地径		当年枝		1年枝		果色		味道		序号		果纵径		果横径		果形系数		果柄长		果穗数		果实密度		百果重		果产量		1年刺		成熟期				序号		编号		果柄长				序号		编号		果穗数				序号		编号		果实密度				序号		编号		百果重				序号		编号		果产量				序号		编号		冠体				序号		编号		1年刺				序号		编号		果形系数		序号		编号		成熟期				序号		编号		果柄长				序号		编号		果穗数				序号		编号		果实密度				序号		编号		百果重				序号		编号		果产量				序号		编号		1年刺				1年枝刺		＜0.5		0.5-1		1-1.5		1.5-2		2-2.5		2.5-3		＞3				序号		编号		果形系数				序号		编号		成熟期

		1		杂雌3		292		204		6.4		5.7		4560		285		橘黄		酸		1		9.53		9.49		1.00		3.6		138.0		29.0		43.70		1.700		0.25		825				39		杂雌39		2.2				7		杂雌7		10.0				7		杂雌7		10.0				42		杂雌42		15.60				35		杂雌35		0.010				42		杂雌42		0.8				9		杂雌9		0.06				12		杂雌15		0.92		22		杂雌26		802				3		中雌5		1.4				16		中雌19		25				26		中雌33		21				43		中雌53		8.54				16		中雌19		0.11				32		中雌42		1.27				频数（%）		12		22		28		22		8		6		2				15		中雌15		0.81				50		中雌50		823

		2		杂雌4		296		173		4.6		4.7		1088		68		橘黄		酸甜		2		7.76		7.60		1.02		2.7		28.0		50.0		25.80		0.360		1.50		820				56		杂雌56		2.2				9		杂雌9		10.0				9		杂雌9		10.0				27		杂雌27		17.90				39		杂雌39		0.010				40		杂雌40		1.1				3		杂雌3		0.25				25		杂雌29		0.93		17		杂雌20		805				2		中雌4		1.5				39		中雌49		30				24		中雌30		26				23		中雌29		8.72				26		中雌33		0.16				31		中雌41		2.00				株数		6		11		14		11		4		3		1				13		中雌13		0.84				41		中雌41		901

		3		杂雌5		278		189		5.2		6.1		3618		253		橘红		酸		3		8.34		8.17		1.02		2.7		180.0		80.0		35.80		5.200		0.34		815				57		杂雌57		2.2				13		杂雌13		10.0				13		杂雌13		10.0				10		杂雌10		18.70				50		杂雌50		0.014				43		杂雌43		1.1				36		杂雌36		0.25				26		杂雌30		0.93		44		杂雌54		805				24		中雌30		1.5				3		中雌5		39				28		中雌35		28				32		中雌42		9.62				2		中雌4		0.23				9		中雌11		2.14				频数（%）						2		2		4		12		80				6		中雌6		0.85				55		中雌55		913

		4		杂雌6		311		213		7.4		8.5		4301		253		橘黄		酸		4		7.43		7.18		1.03		3.2		229.0		90.0		28.80		5.900		0.66		820				34		杂雌34		2.3				14		杂雌14		10.0				14		杂雌14		10.0				39		杂雌39		18.80				28		杂雌28		0.030				41		杂雌41		1.3				53		杂雌53		0.29				16		杂雌19		0.94		46		杂雌56		805				6		中雌8		1.6				18		中雌21		42				16		中雌19		30				42		中雌52		9.9				3		中雌5		0.27				3		中雌5		2.25				株数						1		1		2		6		40				14		中雌14		0.87				58		中雌58		913

		5		杂雌7		290		212		6.8		5.8		4556		268		橘黄		酸		5		7.79		7.17		1.09		4.0		10.0		10.0		22.10		0.050		1.87		825				8		杂雌8		2.4				30		杂雌30		10.0				20		杂雌20		10.0				34		杂雌34		18.90				11		杂雌11		0.034				21		杂雌21		1.6				5		杂雌5		0.34				29		杂雌35		0.94		43		杂雌53		808				14		中雌16		1.6				2		中雌4		43				15		中雌18		36				35		中雌45		9.99				18		中雌21		0.27				15		中雌18		2.61				“蒙×中”杂雌与中雌1年枝刺频数分布																		4		中雌4		0.88				56		中雌56		914

		6		杂雌8		239		240		7.2		4.4		5720		260		橘黄		酸		6		7.62		6.92		1.10		2.4		25.0		20.0		20.70		0.100		0.60		814				15		杂雌15		2.4				35		杂雌35		10.0				30		杂雌30		10.0				35		杂雌35		19.60				13		杂雌13		0.044				49		杂雌49		1.6				44		杂雌44		0.40				46		杂雌56		0.95		3		杂雌5		809				39		中雌49		1.6				15		中雌18		43				22		中雌25		42				38		中雌48		10.19				24		中雌30		0.28				7		中雌9		2.69				1年枝刺		＜0.5		0.5-1		1-1.5		1.5-2		2-2.5		2.5-3		＞3				5		中雌5		0.9				52		中雌52		916

		7		杂雌9		272		192		5.2		6.1		3105		207		橘红		酸		7		8.02		8.12		0.99		3.4		10.0		10.0		27.00		0.050		0.06		814				35		杂雌35		2.4				39		杂雌39		10.0				35		杂雌35		10.0				15		杂雌15		20.00				7		杂雌7		0.050				20		杂雌20		1.9				8		杂雌8		0.60				49		杂雌59		0.95		13		杂雌16		809				42		中雌52		1.6				25		中雌32		44				17		中雌20		43				33		中雌43		10.3				15		中雌18		0.30				35		中雌45		2.88				“蒙×中”杂雌		12		22		28		22		8		6		2				51		中雌51		0.9				59		中雌59		916

		8		杂雌10		263		187		4.8		4.0		2329		137		橘黄		酸		8		7.56		7.00		1.08		2.7		22.0		17.0		18.70		0.070		0.95		820				19		杂雌19		2.5				42		杂雌42		10.0				39		杂雌39		10.0				41		杂雌41		20.00				9		杂雌9		0.050				35		杂雌35		1.9				6		杂雌6		0.66				11		杂雌14		0.97		20		杂雌24		809				8		中雌10		1.7				26		中雌33		45				1		中雌1		45				3		中雌5		10.32				28		中雌35		0.3				36		中雌46		2.94				中国雌株						1		1		2		6		40				22		中雌22		0.91				6		中雌6		918

		9		杂雌11		235		246		7.4		7.5		5910		394		橘红		酸		9		7.30		7.46		0.98		2.6		72.0		20.0		23.60		0.034		1.19		814				29		杂雌29		2.5				50		杂雌50		10.0				42		杂雌42		10.0				28		杂雌28		20.20				14		杂雌14		0.050				50		杂雌50		2				40		杂雌40		0.66				15		杂雌18		0.97		26		杂雌30		809				27		中雌34		1.7				45		中雌55		45				25		中雌32		46				27		中雌34		10.79				43		中雌53		0.31				1		中雌1		2.98																						54		中雌54		0.91				57		中雌57		918

		10		杂雌13		210		164		3		4.5		1456		112		橘红		酸		10		8.44		7.81		1.08		3.3		10.0		10.0		28.70		0.044		0.77		814				30		杂雌30		2.5				56		杂雌56		10.0				50		杂雌50		10.0				8		杂雌8		20.70				30		杂雌30		0.050				51		杂雌51		2.3				58		杂雌58		0.70				9		杂雌11		0.98		34		杂雌40		809				41		中雌51		1.7				44		中雌54		47				43		中雌53		46				24		中雌30		10.85				25		中雌32		0.32				37		中雌47		3.00																						11		中雌11		0.92				1		中雌1		921

		11		杂雌14		292		191		5.6		4.1		1480		74		橘红		酸		11		7.87		8.13		0.97		2.6		10.0		10.0		30.20		0.050		1.30		815				42		杂雌42		2.5				43		杂雌43		13.0				56		杂雌56		10.0				30		杂雌30		21.10				42		杂雌42		0.050				17		杂雌17		2.4				13		杂雌13		0.77				7		杂雌9		0.99		41		杂雌51		809				44		中雌54		1.7				4		中雌6		48				18		中雌21		47				7		中雌9		10.88				35		中雌45		0.32				44		中雌54		3.08																						49		中雌49		0.92				40		中雌40		922

		12		杂雌15		252		183		4.4		5.5		4494		214		橘红		酸甜		12		6.50		7.09		0.92		2.4		127.0		83.0		20.00		2.100		1.48		817				11		杂雌11		2.6				41		杂雌41		15.0				25		杂雌25		15.0				55		杂雌55		21.30				19		杂雌19		0.060				22		杂雌22		2.4				59		杂雌59		0.79				18		杂雌21		0.99		23		杂雌27		813				1		中雌1		1.8				35		中雌45		54				2		中雌4		48				40		中雌50		11.01				50		中雌60		0.37				29		中雌37		3.21																						60		中雌60		0.92				29		中雌29		923

		13		杂雌16		220		233		6.3		4.4		4643		278		橘酸		酸		13		8.48		8.01		1.06		3.2		241.0		68.0		30.00		5.000		0.90		820				14		杂雌14		2.6				51		杂雌51		15.0				19		杂雌19		16.0				7		杂雌7		22.10				56		杂雌56		0.060				38		杂雌38		2.4				25		杂雌25		0.84				35		杂雌41		0.99		24		杂雌28		813				28		中雌35		1.8				17		中雌20		55				38		中雌48		49				50		中雌60		11.04				17		中雌20		0.39				6		中雌8		3.23																						43		中雌43		0.93				10		中雌10		924

		14		杂雌17		203		151		2.4		3.8		3072		192		橘红		酸甜		14		8.64		8.18		1.06		3.7		20.0		25.0		31.20		0.160		1.28		823				21		杂雌21		2.6				19		杂雌19		16.0				21		杂雌21		16.0				44		杂雌44		22.10				10		杂雌10		0.070				39		杂雌39		2.4				52		杂雌52		0.89				40		杂雌50		0.99		45		杂雌55		813				30		中雌40		1.8				47		中雌57		60				50		中雌60		51				37		中雌47		11.18				39		中雌49		0.44				38		中雌48		3.33																						12		中雌12		0.94				23		中雌23		924

		15		杂雌18		273		197		5.5		6.0		4422		201		橘红		酸		15		7.80		8.05		0.97		3.4		110.0		70.0		24.90		1.910		1.64		820				22		杂雌22		2.6				38		杂雌38		19.0				10		杂雌10		17.0				36		杂雌36		22.40				20		杂雌20		0.070				44		杂雌44		2.5				16		杂雌16		0.90				47		杂雌57		0.99		10		杂雌13		814				40		中雌50		1.8				49		中雌59		61				6		中雌8		55				2		中雌4		11.33				22		中雌25		0.48				17		中雌20		3.34																						19		中雌19		0.94				44		中雌44		924

		16		杂雌19		242		193		4.7		4.1		1360		80		橘红		酸		16		7.02		7.49		0.94		2.5		16.0		16.0		23.20		0.060		1.18		815				26		杂雌26		2.6				17		杂雌17		20.0				33		杂雌33		18.0				26		杂雌26		22.70				8		杂雌8		0.100				24		杂雌24		2.6				10		杂雌10		0.95				1		杂雌3		1.00		11		杂雌14		814				43		中雌53		1.8				28		中雌35		66				42		中雌52		56				36		中雌46		11.44				42		中雌52		0.53				30		中雌40		3.36																						45		中雌45		0.94				7		中雌7		925

		17		杂雌20		219		129		1.9		4.7		4065		271		橘红		酸甜		17		7.75		7.72		1.00		3.2		30.0		10.0		24.30		0.070		1.53		805				55		杂雌55		2.6				10		杂雌10		22.0				34		杂雌34		18.0				19		杂雌19		23.20				34		杂雌34		0.104				25		杂雌25		2.7				24		杂雌24		1.00				17		杂雌20		1.00		33		杂雌39		814				45		中雌55		1.8				50		中雌60		66				35		中雌45		60				10		中雌12		12.29				6		中雌8		0.55				40		中雌50		3.38																						10		中雌10		0.95				11		中雌11		925

		18		杂雌21		153		142		1.6		3.3		2080		160		橘黄		酸		18		8.89		8.98		0.99		2.6		42.0		16.0		34.50		0.230		1.80		820				4		杂雌4		2.7				8		杂雌8		25.0				8		杂雌8		20.0				57		杂雌57		23.30				43		杂雌43		0.120				13		杂雌13		3				51		杂雌51		1.01				2		杂雌4		1.02		38		杂雌44		814				5		中雌7		1.9				10		中雌12		68				4		中雌6		64				46		中雌56		12.3				40		中雌50		0.60				23		中雌29		3.40																						29		中雌29		0.95				46		中雌46		925

		19		杂雌22		165		167		2.4		5.5		2100		175		橘黄		酸		19		9.28		7.71		1.20		2.6		73.0		40.0		27.00		0.970		1.84		901				5		杂雌5		2.7				58		杂雌58		27.0				11		杂雌11		20.0				11		杂雌11		23.60				41		杂雌41		0.130				26		杂雌26		3.1				50		杂雌50		1.12				3		杂雌5		1.02		2		杂雌4		815				9		中雌11		1.9				6		中雌8		70				3		中雌5		67				19		中雌22		12.33				4		中雌6		0.61				27		中雌34		3.40																						30		中雌30		0.95				51		中雌51		925

		20		杂雌24		173		168		2.6		5.3		2397		141		橘黄		酸甜		20		8.22		7.89		1.04		2.9		80.0		35.0		31.40		0.900		1.00		802				10		杂雌10		2.7				4		杂雌4		28.0				27		杂雌27		20.0				43		杂雌43		23.90				27		杂雌27		0.140				28		杂雌28		3.1				19		杂雌19		1.18				41		杂雌51		1.02		4		杂雌6		815				23		中雌29		1.9				22		中雌25		70				40		中雌50		67				39		中雌49		12.62				44		中雌54		0.62				41		中雌51		3.43																						35		中雌35		0.95				54		中雌54		925

		21		杂雌25		176		172		2.7		3.7		1120		70		橘红		酸		21		9.20		7.92		1.16		3.9		30.0		15.0		33.30		0.150		0.84		805				28		杂雌28		2.8				20		杂雌20		30.0				17		杂雌17		25.0				40		杂雌40		24.20				51		杂雌51		0.140				37		杂雌37		3.1				11		杂雌11		1.19				4		杂雌6		1.03		8		杂雌10		815				33		中雌43		1.9				36		中雌46		75				14		中雌16		70				9		中雌11		13.26				45		中雌55		0.62				11		中雌13		3.45																						48		中雌48		0.95				13		中雌13		928

		22		杂雌26		172		186		3.1		5.5		3213		189		橘黄		酸		22		7.76		6.93		1.12		2.6		137.0		35.0		22.70		1.100		1.46		815				33		杂雌33		2.8				25		杂雌25		30.0				3		杂雌3		29.0				20		杂雌20		24.30				25		杂雌25		0.150				54		杂雌54		3.2				28		杂雌28		1.21				20		杂雌24		1.04		19		杂雌22		815				48		中雌58		1.9				11		中雌13		80				44		中雌54		73				30		中雌40		13.74				36		中雌46		0.69				4		中雌6		3.48																						20		中雌20		0.96				15		中雌15		928

		23		杂雌27		256		171		3.9		4.6		3287		173		橘黄		酸甜		23		7.96		6.94		1.15		3.1		40.0		20.0		17.90		0.140		1.63		805				44		杂雌44		2.8				33		杂雌33		30.0				37		杂雌37		30.0				59		杂雌59		24.80				17		杂雌17		0.160				29		杂雌29		3.3				54		杂雌54		1.21				27		杂雌33		1.04		30		杂雌36		815				49		中雌59		1.9				21		中雌24		80				37		中雌47		75				8		中雌10		13.76				37		中雌47		0.7				50		中雌60		3.48																						21		中雌21		0.96				12		中雌12		930

		24		杂雌28		231		161		3.1		4.7		3762		171		橘黄		酸		24		7.59		7.12		1.07		2.8		77.0		32.0		20.20		0.030		1.21		815				24		杂雌24		2.9				34		杂雌34		31.0				51		杂雌51		30.0				18		杂雌18		24.90				33		杂雌33		0.174				58		杂雌58		3.8				60		杂雌60		1.25				28		杂雌34		1.04		31		杂雌37		815				7		中雌9		2				40		中雌50		80				31		中雌41		77				18		中雌21		13.93				49		中雌59		0.84				19		中雌22		3.53																						34		中雌34		0.96				14		中雌14		930

		25		杂雌29		236		164		3.3		4.7		3914		206		橘红		酸		25		7.13		7.68		0.93		2.5		78.0		42.0		25.40		0.830		2.43		815				37		杂雌37		2.9				36		杂雌36		36.0				28		杂雌28		32.0				53		杂雌53		25.00				21		杂雌21		0.230				27		杂雌27		3.9				34		杂雌34		1.26				31		杂雌37		1.04		40		杂雌50		815				10		中雌12		2				43		中雌53		80				21		中雌24		78				6		中雌8		14.24				38		中雌48		0.93				14		中雌16		3.56				“蒙×中”杂雌与中雌果形系数频数分布																		50		中雌50		0.96				35		中雌35		930

		26		杂雌30		218		214		5.2		5.4		2629		146		黄		酸		26		6.80		7.28		0.93		2.5		10.0		10.0		21.10		0.050		2.55		809				59		杂雌59		2.9				27		杂雌27		40.0				24		杂雌24		35.0				29		杂雌29		25.40				38		杂雌38		0.270				34		杂雌34		4.1				17		杂雌17		1.28				37		杂雌43		1.04		50		杂雌60		815				13		中雌15		2				37		中雌47		84				36		中雌46		80				11		中雌13		14.27				21		中雌24		0.94				24		中雌30		3.56				果形系数		＜0.9		0.9-1.0		1.0-1.1		1.1-1.2		＞1.2								8		中雌8		0.97				49		中雌49		930

		27		杂雌33		195		207		4.4		4.8		3608		164		橘黄		酸		27		8.53		8.23		1.04		2.8		30.0		18.0		32.40		0.174		2.32		813				41		杂雌41		3.0				57		杂雌57		40.0				26		杂雌26		35.0				4		杂雌4		25.80				4		杂雌4		0.360				36		杂雌36		4.3				14		杂雌14		1.30				13		杂雌16		1.06		1		杂雌3		817				17		中雌20		2				8		中雌10		93				19		中雌22		83				16		中雌19		14.31				19		中雌22		1.03				34		中雌44		3.58				“蒙×中”杂雌		0		34		44		20		2								16		中雌16		0.97				5		中雌5		1002

		28		杂雌34		202		196		4.1		4.3		4240		212		橘黄		甜酸		28		6.90		6.64		1.04		2.3		31.0		18.0		18.90		0.104		1.26		813				27		杂雌27		3.1				21		杂雌21		42.0				54		杂雌54		35.0				49		杂雌49		26.84				57		杂雌57		0.370				15		杂雌15		4.4				26		杂雌26		1.46				14		杂雌17		1.06		35		杂雌41		817				18		中雌21		2				42		中雌52		95				7		中雌9		84				12		中雌14		14.55				1		中雌1		1.06				21		中雌24		3.62				中国雌株		10		68		22		0		0								46		中雌46		0.97				8		中雌8		1002

		29		杂雌35		193		137		1.9		6.0		1843		97		橘黄		酸		29		6.97		7.41		0.94		2.4		10.0		10.0		19.60		0.010		1.79		901				51		杂雌51		3.1				59		杂雌59		50.0				22		杂雌22		40.0				37		杂雌37		26.90				36		杂雌36		0.400				33		杂雌33		4.4				37		杂雌37		1.47				36		杂雌42		1.06		42		杂雌52		817				31		中雌41		2.0				30		中雌40		99				32		中雌42		86				13		中雌15		14.63				33		中雌43		1.23				45		中雌55		3.63																						53		中雌53		0.97				16		中雌16		1002

		30		杂雌36		293		167		4.3		4.3		3380		169		橘红		酸		30		8.03		6.73		1.19		3.4		36.0		50.0		22.40		0.400		0.25		822				58		杂雌58		3.1				40		杂雌40		51.0				43		杂雌43		40.0				9		杂雌9		27.00				37		杂雌37		0.430				57		杂雌57		4.4				15		杂雌15		1.48				43		杂雌53		1.06		14		杂雌17		818				50		中雌60		2				19		中雌22		101				49		中雌59		86				45		中雌55		14.76				10		中雌12		1.3				49		中雌59		3.64																						56		中雌56		0.97				34		中雌34		1002

		31		杂雌37		213		168		3.1		5.4		3876		228		橘黄		酸甜		31		7.93		7.65		1.04		2.9		53.0		30.0		26.90		0.430		1.47		825				60		杂雌60		3.1				37		杂雌37		53.0				55		杂雌55		40.0				22		杂雌22		27.00				55		杂雌55		0.490				4		杂雌4		4.6				4		杂雌4		1.50				24		杂雌28		1.07		6		杂雌8		820				32		中雌42		2.1				24		中雌30		101				46		中雌56		92				41		中雌51		14.9				32		中雌42		1.3				5		中雌7		3.73																						7		中雌7		0.98				47		中雌47		1002

		32		杂雌38		215		147		2.4		3.8		2112		96		橘黄		酸甜		32		9.09		8.09		1.12		3.5		19.0		42.0		33.30		0.270		2.14		809				6		杂雌6		3.2				55		杂雌55		57.0				57		杂雌57		40.0				60		杂雌60		27.20				59		杂雌59		0.500				19		杂雌19		4.7				20		杂雌20		1.53				8		杂雌10		1.08		9		杂雌11		820				34		中雌44		2.1				12		中雌14		109				29		中雌37		93				21		中雌24		14.98				47		中雌57		1.3				46		中雌56		3.76																						24		中雌24		0.98				37		中雌37		1003

		33		杂雌39		203		150		2.4		4.1		1728		108		橘红		酸		33		8.19		7.10		1.15		2.2		10.0		10.0		18.80		0.010		2.60		813				16		杂雌16		3.2				54		杂雌54		70.0				59		杂雌59		40.0				13		杂雌13		28.70				58		杂雌58		0.600				53		杂雌53		4.7				43		杂雌43		1.53				10		杂雌13		1.08		12		杂雌15		820				34		中雌45		2.1				31		中雌41		112				34		中雌44		93				31		中雌41		15.50				31		中雌41		1.34				39		中雌49		3.77																						40		中雌40		0.98				4		中雌4		1008

		34		杂雌40		131		127		1.1		4.2		1254		66		黄		酸		34		7.61		7.06		1.08		3.5		51.0		84.0		24.20		1.040		0.66		809				20		杂雌20		3.2				11		杂雌11		72.0				29		杂雌29		42.0				6		杂雌6		28.80				29		杂雌29		0.830				10		杂雌10		4.8				49		杂雌49		1.56				34		杂雌40		1.08		18		杂雌21		820				36		中雌47		2.1				33		中雌43		123				45		中雌55		93				25		中雌32		15.68				30		中雌40		1.35				42		中雌52		3.78																						41		中雌41		0.99				20		中雌20		1008

		35		杂雌41		180		119		1.3		3.2		1680		84		橘黄		酸		35		6.86		6.95		0.99		3.0		15.0		42.0		20.00		0.130		3.35		809				50		杂雌50		3.2				22		杂雌22		73.0				38		杂雌38		42.0				50		杂雌50		29.00				54		杂雌54		0.870				52		杂雌52		4.8				27		杂雌27		1.63				39		杂雌49		1.08		21		杂雌25		820				47		中雌57		2.1				1		中雌1		127				33		中雌43		97				22		中雌25		16.16				8		中雌10		1.8				12		中雌14		3.82																						52		中雌52		0.99				22		中雌22		1008

		36		杂雌42		160		98		0.8		3.3		912		57		橘红		酸		36		6.81		6.42		1.06		2.5		10.0		10.0		15.60		0.050		2.77		822				54		杂雌54		3.2				28		杂雌28		77.0				41		杂雌41		42.0				52		杂雌52		29.80				24		杂雌24		0.900				60		杂雌60		5				18		杂雌18		1.64				45		杂雌55		1.08		27		杂雌33		820				26		中雌33		2.2				13		中雌15		135				27		中雌34		98				49		中雌59		16.16				23		中雌29		1.8				8		中雌10		3.86																						1		中雌1		1				25		中雌25		1008

		37		杂雌43		152		116		1.1		4.1		1521		117		橘黄		酸甜		37		7.94		7.63		1.04		4.4		13.0		40.0		23.90		0.120		1.53		809				13		杂雌13		3.3				49		杂雌49		77.0				4		杂雌4		50.0				14		杂雌14		30.20				44		杂雌44		0.940				5		杂雌5		5.2				55		杂雌55		1.78				5		杂雌7		1.09		32		杂雌38		820				37		中雌48		2.2				14		中雌16		153				30		中雌40		98				28		中雌35		16.28				11		中雌13		1.83				26		中雌33		3.88																						25		中雌25		1				32		中雌32		1008

		38		杂雌44		201		154		2.5		6.1		3237		249		橘红		酸		38		7.76		6.57		1.18		2.8		85.0		50.0		22.10		0.940		0.40		822				53		杂雌53		3.3				29		杂雌29		78.0				36		杂雌36		50.0				58		杂雌58		30.40				22		杂雌22		0.970				9		杂雌9		5.2				35		杂雌35		1.79				6		杂雌8		1.10		36		杂雌42		820				12		中雌14		2.3				32		中雌42		157				20		中雌23		105				47		中雌57		16.36				27		中雌34		1.88				25		中雌32		3.89																						55		中雌55		1				33		中雌33		1008

		39		杂雌49		173		131		1.6		3.6		2538		141		橘黄		酸		39		7.74		7.14		1.08		4.0		77.0		56.0		26.84		1.200		1.56		817				9		杂雌9		3.4				24		杂雌24		80.0				44		杂雌44		50.0				16		杂雌16		30.00				40		杂雌40		1.040				30		杂雌30		5.2				21		杂雌21		1.80				44		杂雌54		1.10		39		杂雌49		820				16		中雌19		2.3				5		中雌7		170				39		中雌49		116				17		中雌20		16.45				7		中雌9		2.02				43		中雌53		3.92																						58		中雌58		1				53		中雌53		1008

		40		杂雌50		165		151		2		5.7		2512		157		橘黄		酸		40		8.09		8.19		0.99		3.2		10.0		10.0		29.00		0.014		1.12		818				18		杂雌18		3.4				44		杂雌44		85.0				52		杂雌52		50.0				17		杂雌17		31.20				26		杂雌26		1.100				18		杂雌18		5.5				22		杂雌22		1.84				22		杂雌26		1.12		7		杂雌9		822				29		中雌37		2.3				9		中雌11		171				23		中雌29		118				26		中雌33		16.67				46		中雌56		2.06				47		中雌57		3.93																						33		中雌33		1.01				60		中雌60		1008

		41		杂雌51		183		154		2.3		4.5		2436		174		橘黄		酸		41		8.80		8.59		1.02		3.1		15.0		30.0		31.22		0.140		1.01		809				36		杂雌36		3.4				18		杂雌18		110.0				49		杂雌49		56.0				51		杂雌51		31.22				49		杂雌49		1.200				59		杂雌59		5.5				56		杂雌56		1.84				32		杂雌38		1.12		29		杂雌35		822				11		中雌13		2.4				48		中雌58		174				5		中雌7		122				5		中雌7		16.83				14		中雌16		2.13				20		中雌23		3.95																						37		中雌37		1.01				30		中雌30		1014

		42		杂雌52		220		205		4.8		5.7		4428		246		橘黄		酸		42		9.62		7.91		1.22		4.1		120.0		50.0		29.80		1.800		0.89		815				38		杂雌38		3.5				60		杂雌60		110.0				16		杂雌16		68.0				24		杂雌24		31.40				3		杂雌3		1.700				14		杂雌14		5.6				7		杂雌7		1.87				48		杂雌58		1.13		47		杂雌57		822				19		中雌22		2.4				23		中雌29		175				47		中雌57		132				20		中雌23		17.12				12		中雌14		2.44				10		中雌12		4.01																						9		中雌9		1.02				18		中雌18		1015

		43		杂雌53		240		193		4.7		7.0		2932		181		橘黄		酸		43		7.28		6.90		1.06		3.3		150.0		83.0		25.00		3.120		0.29		815				40		杂雌40		3.5				52		杂雌52		120.0				18		杂雌18		70.0				33		杂雌33		32.40				52		杂雌52		1.800				56		杂雌56		5.7				57		杂雌57		2.12				50		杂雌60		1.13		48		杂雌58		822				25		中雌32		2.4				27		中雌34		179				48		中雌58		137				44		中雌54		18.05				9		中雌11		3.32				2		中雌4		4.02																						18		中雌18		1.02				24		中雌24		1015

		44		杂雌54		213		170		3.2		7.6		4505		265		橘红		酸		44		9.38		8.49		1.10		3.2		70.0		35.0		35.70		0.870		1.21		820				3		杂雌3		3.6				15		杂雌15		127.0				58		杂雌58		75.0				25		杂雌25		33.30				18		杂雌18		1.910				16		杂雌16		6.3				38		杂雌38		2.14				23		杂雌27		1.15		28		杂雌34		823				21		中雌24		2.5				46		中雌56		182				8		中雌10		140				29		中雌37		18.15				13		中雌15		3.39				48		中雌58		4.06																						44		中雌44		1.02				45		中雌45		1015

		45		杂雌55		226		256		7.8		6.2		2326		164		橘黄		酸		45		8.66		8.05		1.08		2.6		57.0		40.0		21.30		0.490		1.78		820				17		杂雌17		3.7				26		杂雌26		137.0				5		杂雌5		80.0				38		杂雌38		33.30				15		杂雌15		2.100				3		杂雌3		6.4				33		杂雌33		2.32				33		杂雌39		1.15		15		杂雌18		825				35		中雌46		2.5				38		中雌48		190				9		中雌11		146				48		中雌58		18.26				5		中雌7		3.48				13		中雌15		4.14																						32		中雌32		1.03				48		中雌48		1015

		46		杂雌56		250		209		5.7		6.0		2030		145		橘黄		酸甜		46		8.49		8.95		0.95		2.2		10.0		10.0		37.53		0.060		1.84		820				25		杂雌25		3.9				3		杂雌3		138.0				15		杂雌15		83.0				21		杂雌21		34.50				60		杂雌60		2.500				7		杂雌7		6.8				29		杂雌29		2.43				21		杂雌25		1.16		16		杂雌19		825				20		中雌23		2.8				20		中雌23		200				10		中雌12		155				1		中雌1		18.52				20		中雌23		3.6				18		中雌21		4.22																						47		中雌47		1.03				21		中雌21		1020

		47		杂雌57		185		213		4.4		5.1		3468		204		橘黄		酸甜		47		7.56		7.67		0.99		2.2		40.0		40.0		23.30		0.370		2.12		825				7		杂雌7		4.0				53		杂雌53		150.0				53		杂雌53		83.0				54		杂雌54		35.70				53		杂雌53		3.100				8		杂雌8		7.2				30		杂雌30		2.55				38		杂雌44		1.18		25		杂雌29		825				22		中雌25		2.9				34		中雌44		202				11		中雌13		160				15		中雌18		19.69				34		中雌44		4.23				22		中雌25		4.23																						57		中雌57		1.03				42		中雌42		1020

		48		杂雌58		253		169		3.8		4.6		1456		91		橘黄		酸		48		9.34		8.25		1.13		3.1		27.0		75.0		30.40		0.600		0.70		817				49		杂雌49		4.0				5		杂雌5		180.0				40		杂雌40		84.0				5		杂雌5		35.80				16		杂雌16		4.900				6		杂雌6		7.4				39		杂雌39		2.60				30		杂雌36		1.19		37		杂雌43		825				46		中雌56		2.9				7		中雌9		220				12		中雌14		167				14		中雌16		19.79				48		中雌58		4.36				16		中雌19		4.49																						23		中雌23		1.04				19		中雌19		1025

		49		杂雌59		208		224		5.5		5.5		5149		271		橘黄		酸甜		49		7.78		8.20		0.95		2.9		50.0		40.0		24.80		0.500		0.79		822				52		杂雌52		4.1				6		杂雌6		229.0				60		杂雌60		95.0				56		杂雌56		37.53				5		杂雌5		5.200				11		杂雌11		7.4				42		杂雌42		2.77				19		杂雌22		1.20		5		杂雌7		901				4		中雌6		3.1				41		中雌51		256				13		中雌15		170				4		中雌6		20.1				29		中雌37		5.8				28		中雌35		4.78																						59		中雌59		1.04				9		中雌9		1030

		50		杂雌60		256		194		5		5.8		3122		233		橘黄		酸甜		50		8.55		7.57		1.13		3.1		110.0		84.0		27.20		2.500		1.25		808				43		杂雌43		4.4				16		杂雌16		241.0				6		杂雌6		105.0				3		杂雌3		43.70				6		杂雌6		5.900				55		杂雌55		7.8				41		杂雌41		3.35				42		杂雌52		1.22		49		杂雌59		901				15		中雌18		3.1				29		中雌37		342				41		中雌51		205				34		中雌44		22.52				41		中雌51		7.81				33		中雌43		4.90																						42		中雌42		1.07				43		中雌43		1030

		平均				222		178		3.9		5.1		3019		178						平均		8.01		7.65		1.05		3.0		58.9		36.4		26.2		0.85		1.35						平均				3.0				平均				58.9				平均				36.9				平均				26.2				平均				0.85				平均				3.9				平均				1.35

		序号		编号		树高		均冠		冠体		地径		当年枝		1年枝		果色		味道				果纵径		果横径		果形系数		果柄长		果穗数		果实密度		百果重		果产量		1年刺		成熟期

		百果重		果产量				果穗数		果产量				果实密度		果产量																														“蒙×中”杂雌果柄长度频数分布																		“蒙×中”杂雌百果重频数分布																		“蒙×中”杂雌果实产量频数分布																“蒙×中”杂雌1年枝刺频数分布																		“蒙×中”杂雌与中雌果柄长度频数分布																		“蒙×中”杂雌与中雌果实密度频数分布																“蒙×中”杂雌与中雌果实产量频数分布

		43.70		1.700				138.0		1.700				29.0		1.700																														果柄长		＜2		2-2.5		2.5-3		3-3.5		3.5-4		4-4.5		＞4.5				百果重		＜15		15-20		20-25		25-30		30-35		35-40		＞40				果实产量		＜1		1/2		2/3		3/4		4/5		＞5				1年枝刺		＜0.5		0.5-1		1-1.5		1.5-2		2-2.5		2.5-3		＞3				果柄长		＜2		2-2.5		2.5-3		3-3.5		3.5-4		4-4.5		＞4.5				果实密度		＜20		20-40		40-60		60-80		80-100		＞100				果实产量		＜1		1/2		2/3		3/4		4/5		＞5

		25.80		0.360				28.0		0.360				50.0		0.360																														频数（%）				22		32		32		10		4						频数（%）				12		35		22		5		6		2				频数（%）		76		12		4		2		2		4				频数（%）		12		22		28		22		8		6		2				频数（%）				22		32		32		10		4						频数（%）		34		32		16		8		8		2				频数（%）		76		12		4		2		2		4

		35.80		5.200				180.0		5.200				80.0		5.200																														株数		0		11		16		16		5		2						株数		0		6		19		11		10		3		1				株数		38		6		2		1		1		2				株数		6		11		14		11		4		3		1				株数		0		11		16		16		5		2						株数		17		16		8		4		4		1				株数		38		6		2		1		1		2

		28.80		5.900				229.0		5.900				90.0		5.900																																																																																																				频数（%）		46		40		10		4										频数（%）				10		24		18		22		26				频数（%）		52		24		8		8		4		4

		22.10		0.050				10.0		0.050				10.0		0.050																																																																																																				株数		23		20		5		2										株数		0		5		12		9		11		13				株数		26		12		4		4		2		2

		20.70		0.100				25.0		0.100				20.0		0.100

		27.00		0.050				10.0		0.050				10.0		0.050																																																																																																				“蒙×中”杂雌与中雌果柄长度频数分布																		“蒙×中”杂雌与中雌果实密度频数分布																“蒙×中”杂雌与中雌果实产量频数分布

		18.70		0.070				22.0		0.070				17.0		0.070																																																																																																				果柄长度		＜2		2-2.5		2.5-3		3-3.5		3.5-4		4-4.5		＞4.5				果实密度		＜20		20-40		40-60		60-80		80-100		＞100				果实产量		＜1		1/2		2/3		3/4		4/5		＞5

		23.60		0.034				72.0		0.034				20.0		0.034																																																																																																				“蒙×中”杂雌				22		32		32		10		4						“蒙×中”杂雌		34		32		16		8		8		2				“蒙×中”杂雌		76		12		4		2		2		4

		28.70		0.044				10.0		0.044				10.0		0.044																																																																																																				中国雌株		46		40		10		4										中国雌株				10		24		18		22		26				中国雌株		52		24		8		8		4		4

		30.20		0.050				10.0		0.050				10.0		0.050

		20.00		2.100				127.0		2.100				83.0		2.100

		30.00		5.000				241.0		5.000				68.0		5.000

		31.20		0.160				20.0		0.160				25.0		0.160

		24.90		1.910				110.0		1.910				70.0		1.910

		23.20		0.060				16.0		0.060				16.0		0.060

		24.30		0.070				30.0		0.070				10.0		0.070

		34.50		0.230				42.0		0.230				16.0		0.230

		27.00		0.970				73.0		0.970				40.0		0.970

		31.40		0.900				80.0		0.900				35.0		0.900																														“蒙×中”杂雌果穗数频数分布																		“蒙×中”杂雌果实密度频数分布																		“蒙×中”杂雌树冠体积频数分布																		“蒙×中”杂雌与中雌果柄长度频数分布

		33.30		0.150				30.0		0.150				15.0		0.150																														果穗数		＜50		50-100		100-150		150-200		200-250		250-300		＞300				果实密度		＜20		20-40		40-60		60-80		80-100		＞100						果实产量		＜1		1/2		2/3		3/4		4/5		5/6		＞6				果形系数		＜0.9		0.9-1.0		1-1.1		1.1-1.2		＞1.2

		22.70		1.100				137.0		1.100				35.0		1.100																														频数（%）		56		24		14		2		4								频数（%）		34		32		16		8		8		2						频数（%）		2		14		18		16		20		16		14				频数（%）				34		44		20		2

		17.90		0.140				40.0		0.140				20.0		0.140																														株数		28		12		7		1		2								株数		17		16		8		4		4		1						株数		1		7		9		8		10		8		7				株数		0		17		22		10		1

		20.20		0.030				77.0		0.030				32.0		0.030																																																																																				频数（%）		10		68		22

		25.40		0.830				78.0		0.830				42.0		0.830																																																																																				株数		5		34		11		0		0

		21.10		0.050				10.0		0.050				10.0		0.050

		32.40		0.174				30.0		0.174				18.0		0.174

		18.90		0.104				31.0		0.104				18.0		0.104																																																																																																				“蒙×中”杂雌与中雌果穗数频数分布																		“蒙×中”杂雌与中雌百果重频数分布

		19.60		0.010				10.0		0.010				10.0		0.010																																																																																																				果穗数		＜50		50-100		100-150		150-200		200-250		＞250						百果重		＜15		15-20		20-25		25-30		30-35		35-40		＞40

		22.40		0.400				36.0		0.400				50.0		0.400																																																																																																				频数（%）		56		24		14		2		4								频数（%）				12		35		22		5		6		2

		26.90		0.430				53.0		0.430				30.0		0.430																																																																																																				株数		28		12		7		1		2								株数		0		6		19		11		10		3		1

		33.30		0.270				19.0		0.270				42.0		0.270																																																																																																				频数（%）		22		36		16		18		4		2						频数（%）		64		32		4

		18.80		0.010				10.0		0.010				10.0		0.010																																																																																																				株数		11		18		8		9		2		1						株数		32		16		2

		24.20		1.040				51.0		1.040				84.0		1.040																																																																																																				“蒙×中”杂雌与中雌果穗数频数分布																		“蒙×中”杂雌与中雌百果重频数分布

		20.00		0.130				15.0		0.130				42.0		0.130																																																																																																				果穗数		＜50		50-100		100-150		150-200		200-250		250-300						百果重		＜15		15-20		20-25		25-30		30-35		35-40		＞40

		15.60		0.050				10.0		0.050				10.0		0.050																																																																																																				“蒙×中”杂雌		56		24		14		2		4								“蒙×中”杂雌				12		35		22		5		6		2

		23.90		0.120				13.0		0.120				40.0		0.120																																																																																																				中国雌株		22		36		16		18		4		2						中国雌株		64		32		4

		22.10		0.940				85.0		0.940				50.0		0.940

		26.84		1.200				77.0		1.200				56.0		1.200

		29.00		0.014				10.0		0.014				10.0		0.014

		31.22		0.140				15.0		0.140				30.0		0.140

		29.80		1.800				120.0		1.800				50.0		1.800

		25.00		3.120				150.0		3.120				83.0		3.120

		35.70		0.870				70.0		0.870				35.0		0.870

		21.30		0.490				57.0		0.490				40.0		0.490

		37.53		0.060				10.0		0.060				10.0		0.060

		23.30		0.370				40.0		0.370				40.0		0.370

		30.40		0.600				27.0		0.600				75.0		0.600

		24.80		0.500				50.0		0.500				40.0		0.500

		27.20		2.500				110.0		2.500				84.0		2.500
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图  “蒙×中”杂雌果柄长度频数分布
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图  “蒙×中”杂雌百果重频数分布
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图  “蒙×中”杂雌果穗数频数分布
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图  “蒙×中”杂雌果实密度频数分布
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图 “蒙×中”杂雌果实产量频数分布
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图 “蒙×中”杂雌树冠体积频数分布
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“蒙×中”杂雌1年枝刺频数分布
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图6“蒙×中”杂雌与中雌果柄长频数分布
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图6“蒙×中”杂雌与中雌1年枝刺频数分布
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图1“蒙×中”杂雌与中雌果穗频数分布
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图2“蒙×中”杂雌与中雌果实密度频数分布
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图3“蒙×中”杂雌与中雌百果重频数分布
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图4“蒙×中”杂雌与中雌果实产量频数分布
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图7“蒙×中”杂雌果实产量与百果重关系
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图8“蒙×中”杂雌果实产量与果穗数关系
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图5 “蒙×中”杂雌与中雌果实形状频数分布



		中国沙棘雌株性状表（60株）																																										中国沙棘雌株性状表（50株）

		序号		编号		树高		均冠		地径		当年枝		1年枝		果纵径		果横径		果形系数		编号		果柄长		果穗数		果实密度		百果重		果产量		1年刺		成熟期								序号		编号		树高		均冠		地径		当年枝		1年枝		果纵径		果横径		序号		果形系数		果柄长		果穗数		果实密度		百果重		果产量		1年刺		成熟期

		1		中雌1		113		187		3.3		1535		198		7		7		1		中雌1		1.8		127		45		18.52		1.06		2.98		921								1		中雌1		113		187		3.3		1535		198		7		7		1		1		1.8		127		45		18.52		1.06		2.98		921

		2		中雌2		105		124		4.4		1374		134		5.34		5.23		1.02		中雌2		2.1		58		37		10.95		0.23		2.04		1025								2		中雌4		99		101		1.5		215		21		4.96		5.63		2		0.88		1.5		43		48		11.33		0.23		4.02		108

		3		中雌3		162		141		2.8		1989		86		6.63		6.15		1.06		中雌3		1.7		16		30		17.00		0.08		2.73		918								3		中雌5		99		111		3.9		2095		147		4.86		5.42		3		0.9		1.4		39		67		10.32		0.27		2.25		102

		4		中雌4		99		101		1.5		215		21		4.96		5.63		0.88		中雌4		1.5		43		48		11.33		0.23		4.02		108								4		中雌6		144		180		3.6		2046		133		5.92		6.93		4		0.85		3.1		48		64		20.1		0.61		3.48		918

		5		中雌5		99		111		3.9		2095		147		4.86		5.42		0.9		中雌5		1.4		39		67		10.32		0.27		2.25		102								5		中雌7		139		193		4.2		2557		161		6.56		6.69		5		0.98		1.9		170		122		16.83		3.48		3.73		925

		6		中雌6		144		180		3.6		2046		133		5.92		6.93		0.85		中雌6		3.1		48		64		20.1		0.61		3.48		918								6		中雌8		128		163		3.4		1647		148		6.06		6.27		6		0.97		1.6		70		55		14.24		0.55		3.23		102

		7		中雌7		139		193		4.2		2557		161		6.56		6.69		0.98		中雌7		1.9		170		122		16.83		3.48		3.73		925								7		中雌9		147		173		4.4		3507		228		5.53		5.41		7		1.02		2		220		84		10.88		2.02		2.69		1030

		8		中雌8		128		163		3.4		1647		148		6.06		6.27		0.97		中雌8		1.6		70		55		14.24		0.55		3.23		102								8		中雌10		120		135		2		859		101		5.70		5.98		8		0.95		1.7		93		140		13.76		1.8		3.86		924

		9		中雌9		147		173		4.4		3507		228		5.53		5.41		1.02		中雌9		2		220		84		10.88		2.02		2.69		1030								9		中雌11		147		195		5		2703		202		5.86		6.16		9		0.92		1.9		171		146		13.26		3.32		2.14		925

		10		中雌10		120		135		2		859		101		5.70		5.98		0.95		中雌10		1.7		93		140		13.76		1.8		3.86		924								10		中雌12		128		115		2.3		828		86		5.81		6.17		10		0.94		2		68		155		12.29		1.3		4.01		930

		11		中雌11		147		195		5		2703		202		5.86		6.16		0.92		中雌11		1.9		171		146		13.26		3.32		2.14		925								11		中雌13		184		133		3		1082		84		5.59		6.63		11		0.84		2.4		80		160		14.27		1.83		3.45		928

		12		中雌12		128		115		2.3		828		86		5.81		6.17		0.94		中雌12		2		68		155		12.29		1.3		4.01		930								12		中雌14		149		129		4.1		1613		129		5.63		6.49		12		0.87		2.3		109		167		14.55		2.44		3.82		930

		13		中雌13		184		133		3		1082		84		5.59		6.63		0.84		中雌13		2.4		80		160		14.27		1.83		3.45		928								13		中雌15		202		206		4.7		3010		215		5.41		6.71		13		0.81		2		135		170		14.63		3.39		4.14		928

		14		中雌14		149		129		4.1		1613		129		5.63		6.49		0.87		中雌14		2.3		109		167		14.55		2.44		3.82		930								14		中雌16		215		232		5.2		3891		283		6.51		6.72		14		0.97		1.6		153		70		19.79		2.13		3.56		102

		15		中雌15		202		206		4.7		3010		215		5.41		6.71		0.81		中雌15		2		135		170		14.63		3.39		4.14		928								15		中雌18		136		176		3.2		1756		120		7.09		6.93		15		1.02		3.1		43		36		19.69		0.30		2.61		1015

		16		中雌16		215		232		5.2		3891		283		6.51		6.72		0.97		中雌16		1.6		153		70		19.79		2.13		3.56		102								16		中雌19		158		166		4.3		3505		214		5.98		6.35		16		0.94		2.3		25		30		14.31		0.11		4.49		1025

		17		中雌17		194		189		3.6		2848		170		5.74		5.4		1.06		中雌17		2.2		44		26		10.41		0.12		2.93		108								17		中雌20		186		235		3.6		3522		197		5.42		5.64		17		0.96		2		55		43		16.45		0.39		3.34		108

		18		中雌18		136		176		3.2		1756		120		7.09		6.93		1.02		中雌18		3.1		43		36		19.69		0.30		2.61		1015								18		中雌21		107		123		1.7		1112		57		5.48		6.06		18		0.96		2		42		47		13.93		0.27		4.22		1020

		19		中雌19		158		166		4.3		3505		214		5.98		6.35		0.94		中雌19		2.3		25		30		14.31		0.11		4.49		1025								19		中雌22		184		167		3.8		1666		119		5.52		6.09		19		0.91		2.4		101		83		12.33		1.03		3.53		108

		20		中雌20		186		235		3.6		3522		197		5.42		5.64		0.96		中雌20		2		55		43		16.45		0.39		3.34		108								20		中雌23		174		201		5		4518		278		6.55		6.3		20		1.04		2.8		200		105		17.12		3.6		3.95		924

		21		中雌21		107		123		1.7		1112		57		5.48		6.06		0.96		中雌21		2		42		47		13.93		0.27		4.22		1020								21		中雌24		149		189		3.8		2860		189		5.95		6.1		21		0.98		2.5		80		78		14.98		0.94		3.62		1015

		22		中雌22		184		167		3.8		1666		119		5.52		6.09		0.91		中雌22		2.4		101		83		12.33		1.03		3.53		108								22		中雌25		195		224		6.4		3118		233		6.16		6.16		22		1		2.9		70		42		16.16		0.48		4.23		108

		23		中雌23		174		201		5		4518		278		6.55		6.3		1.04		中雌23		2.8		200		105		17.12		3.6		3.95		924								23		中雌29		164		147		3.6		3850		220		5.05		5.27		23		0.95		1.9		175		118		8.72		1.8		3.40		923

		24		中雌24		149		189		3.8		2860		189		5.95		6.1		0.98		中雌24		2.5		80		78		14.98		0.94		3.62		1015								24		中雌30		170		161		3.5		3876		228		5.26		5.54		24		0.95		1.5		101		26		10.85		0.28		3.56		1014

		25		中雌25		195		224		6.4		3118		233		6.16		6.16		1		中雌25		2.9		70		42		16.16		0.48		4.23		108								25		中雌32		144		146		2.9		623		53		6.51		6.3		25		1.03		2.4		44		46		15.68		0.32		3.89		108

		26		中雌26		163		154		3.7		872		81		4.89		5.50		0.89		中雌26		1.0		52		31		9.51		0.15		2.82		905								26		中雌33		124		193		2.2		1998		131		6.24		6.16		26		1.01		2.2		45		21		16.67		0.16		3.88		108

		27		中雌27		187		149		3.9		1180		80		6.37		6.26		1.01		中雌27		1.9		0		0		14.05		0.04		3.09		108								27		中雌34		187		187		4.7		3296		150		5.46		5.69		27		0.96		1.7		179		98		10.79		1.88		3.40		102

		28		中雌28		159		122		2.8		716		53		6.90		7.31		0.94		中雌28		1.7		17		30		22.27		0.11		2.45		921								28		中雌35		170		158		3		1413		79		6.15		6.47		28		0.95		1.8		66		28		16.28		0.3		4.78		930

		29		中雌29		164		147		3.6		3850		220		5.05		5.27		0.95		中雌29		1.9		175		118		8.72		1.8		3.40		923								29		中雌37		250		230		5.5		5462		331		7.06		7.01		29		1.01		2.3		342		93		18.15		5.8		3.21		103

		30		中雌30		170		161		3.5		3876		228		5.26		5.54		0.95		中雌30		1.5		101		26		10.85		0.28		3.56		1014								30		中雌40		196		166		3.3		1953		123		6.11		6.19		30		0.98		1.8		99		98		13.74		1.35		3.36		922

		31		中雌31		170		133		3.2		1081		65		5.98		6.28		0.95		中雌31		2.2		21		26		14.97		0.08		3.58		108								31		中雌41		148		198		4.3		3002		152		5.91		5.97		31		0.99		2.0		112		77		15.50		1.34		2.06		828

		32		中雌32		144		146		2.9		623		53		6.51		6.3		1.03		中雌32		2.4		44		46		15.68		0.32		3.89		108								32		中雌42		149		156		4		3296		169		5.4		5.02		32		1.07		2.1		157		86		9.62		1.3		1.27		1020

		33		中雌33		124		193		2.2		1998		131		6.24		6.16		1.01		中雌33		2.2		45		21		16.67		0.16		3.88		108								33		中雌43		174		168		5		1972		161		5.13		5.49		33		0.93		1.9		123		97		10.3		1.23		4.90		1030

		34		中雌34		187		187		4.7		3296		150		5.46		5.69		0.96		中雌34		1.7		179		98		10.79		1.88		3.40		102								34		中雌44		220		215		5.8		4789		224		7.21		7.05		34		1.02		2.1		202		93		22.52		4.23		3.58		924

		35		中雌35		170		158		3		1413		79		6.15		6.47		0.95		中雌35		1.8		66		28		16.28		0.3		4.78		930								35		中雌45		165		145		4.1		1838		84		5.08		5.41		35		0.94		2.1		54		60		9.99		0.32		2.88		1015

		36		中雌36		213		198		5.9		2279		217		4.78		4.45		1.08		中雌36		1.7		0		0		8.2		0.06		3.17		1030								36		中雌46		182		155		2.8		1764		98		5.69		5.85		36		0.97		2.5		75		80		11.44		0.69		2.94		925

		37		中雌37		250		230		5.5		5462		331		7.06		7.01		1.01		中雌37		2.3		342		93		18.15		5.8		3.21		103								37		中雌47		170		158		3		2481		105		5.74		5.58		37		1.03		2.1		84		75		11.18		0.7		3.00		102

		38		中雌38		150		159		3.4		2831		222		4.82		5.28		0.91		中雌38		1.2		0		0		8.24		0.05		3.01		1020								38		中雌48		173		186		3.4		1634		353		5.24		5.49		38		0.95		2.2		190		49		10.19		0.93		3.33		1015

		39		中雌39		189		156		5.6		2094		134		5.3		5.18		1.02		中雌39		2.1		0		0		10.19		0.2		4.23		1025								39		中雌49		115		103		1.7		692		45		5.81		6.34		39		0.92		1.6		30		116		12.62		0.44		3.77		930

		40		中雌40		196		166		3.3		1953		123		6.11		6.19		0.98		中雌40		1.8		99		98		13.74		1.35		3.36		922								40		中雌50		192		183		4.3		2145		156		5.30		5.51		40		0.96		1.8		80		67		11.01		0.60		3.38		823

		41		中雌41		148		198		4.3		3002		152		5.91		5.97		0.99		中雌41		2.0		112		77		15.50		1.34		2.06		828								41		中雌51		173		178		7.9		5250		253		5.7		6.35		41		0.9		1.7		253		205		14.9		7.81		3.43		925

		42		中雌42		149		156		4		3296		169		5.4		5.02		1.07		中雌42		2.1		157		86		9.62		1.3		1.27		1020								42		中雌52		160		176		4.8		2751		135		5.43		5.49		42		0.99		1.6		95		56		9.9		0.53		3.78		916

		43		中雌43		174		168		5		1972		161		5.13		5.49		0.93		中雌43		1.9		123		97		10.3		1.23		4.90		1030								43		中雌53		198		168		4.8		3923		229		5.03		5.18		43		0.97		1.8		80		46		8.54		0.31		3.92		108

		44		中雌44		220		215		5.8		4789		224		7.21		7.05		1.02		中雌44		2.1		202		93		22.52		4.23		3.58		924								44		中雌54		130		207		5.3		1943		99		6.19		6.78		44		0.91		1.7		47		73		18.05		0.62		3.08		925

		45		中雌45		165		145		4.1		1838		84		5.08		5.41		0.94		中雌45		2.1		54		60		9.99		0.32		2.88		1015								45		中雌55		148		156		3		686		56		6.18		6.19		45		1		1.8		45		93		14.76		0.62		3.63		913

		46		中雌46		182		155		2.8		1764		98		5.69		5.85		0.97		中雌46		2.5		75		80		11.44		0.69		2.94		925								46		中雌56		215		237		6.1		5635		249		5.73		5.92		46		0.97		2.9		182		92		12.3		2.06		3.76		914

		47		中雌47		170		158		3		2481		105		5.74		5.58		1.03		中雌47		2.1		84		75		11.18		0.7		3.00		102								47		中雌57		171		180		2.6		1465		101		6.44		6.27		47		1.03		2.1		60		132		16.36		1.3		3.93		918

		48		中雌48		173		186		3.4		1634		353		5.24		5.49		0.95		中雌48		2.2		190		49		10.19		0.93		3.33		1015								48		中雌58		206		196		7.1		4153		270		6.54		6.52		48		1		1.9		174		137		18.26		4.36		4.06		913

		49		中雌49		115		103		1.7		692		45		5.81		6.34		0.92		中雌49		1.6		30		116		12.62		0.44		3.77		930								49		中雌59		144		163		2.8		1292		84		6.27		6.04		49		1.04		1.9		61		86		16.16		0.84		3.64		916

		50		中雌50		192		183		4.3		2145		156		5.30		5.51		0.96		中雌50		1.8		80		67		11.01		0.60		3.38		823								50		中雌60		123		162		4.9		1838		105		5.53		6.03		50		0.92		2		66		51		11.04		0.37		3.48		108

		51		中雌51		173		178		7.9		5250		253		5.7		6.35		0.9		中雌51		1.7		256		205		14.9		7.81		3.43		925								平均				161.28		172.24		3.98		2493.30		159.72		5.86		6.10		平均		0.96		2.05		107.26		85.12		14.11		1.48		3.49

		52		中雌52		160		176		4.8		2751		135		5.43		5.49		0.99		中雌52		1.6		95		56		9.9		0.53		3.78		916								序号		编号		树高		均冠		地径		当年枝		1年枝		果纵径		果横径		序号		果形系数		果柄长		果穗数		果实密度		百果重		果产量		1年刺		成熟期

		53		中雌53		198		168		4.8		3923		229		5.03		5.18		0.97		中雌53		1.8		80		46		8.54		0.31		3.92		108

		54		中雌54		130		207		5.3		1943		99		6.19		6.78		0.91		中雌54		1.7		47		73		18.05		0.62		3.08		925

		55		中雌55		148		156		3		686		56		6.18		6.19		1		中雌55		1.8		45		93		14.76		0.62		3.63		913

		56		中雌56		215		237		6.1		5635		249		5.73		5.92		0.97		中雌56		2.9		182		92		12.3		2.06		3.76		914

		57		中雌57		171		180		2.6		1465		101		6.44		6.27		1.03		中雌57		2.1		60		132		16.36		1.3		3.93		918

		58		中雌58		206		196		7.1		4153		270		6.54		6.52		1		中雌58		1.9		174		137		18.26		4.36		4.06		913

		59		中雌59		144		163		2.8		1292		84		6.27		6.04		1.04		中雌59		1.9		61		86		16.16		0.84		3.64		916

		60		中雌60		123		162		4.9		1838		105		5.53		6.03		0.92		中雌60		2		66		51		11.04		0.37		3.48		108
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		“蒙×中”杂雌优株2003表型调查资料

		样株号		树高		1/2树高		冠幅1		冠幅2		均冠幅		1/2均冠		冠体		地径		柄长		纵径		横径		系数		百果重		果密度		果穗		单株产量		成熟期		1年刺		1级枝		2级枝		3级枝		4级枝		5级枝		6级枝		99树高		00树高		01树高		02树高		03树高

		优1		170		85		172		200		186		93.0		3.078		5.7		3.0		7.7		7.93		0.98		41.2		80		210		7.40		825		1.31		1		2		12		65		238		4141		40		80		100		138		170

		优10		238		119		161		217		189		94.5		4.449		6.1		2.7		8.34		8.17		1.02		35.8		80		180		5.20		816		0.34		1		1		8		55		253		3618		130		147		176		213		238

		优12		220		110		174		291		233		116.3		6.224		4.4		3.2		8.48		8.01		1.06		30.6		68		241		5.00		820		0.90		1		2		6		59		278		4643		18		67		138		175		220

		平均		209		105		169		236		203		101		4.584		5.4		3.0		8.17		8.04		1.02		35.9		76		210		5.87		820		0.85

		“蒙×中”杂雌优株2004表型调查资料

		年度		树高		1/2树高						均冠		1/2均冠		冠体		地径		果柄长		果纵径		果横径		果形系数		百果重		果实密度		果穗数		果产量		成熟期		1年刺

		杂雌优1		186		93						211		106		4.3		6.8		3.0		7.2		7.3		0.99		21.9		15		131		0.430		815		1.30

		优10		282		141						231		116		7.9		6.6		2.9		7.90		7.0		1.13		21.49		10		10		0.021		824		0.30

		优12		252		126						249		125		8.2		7.9		3.1		7.90		6.80		1.16		21.61		62		367		4.917		828		0.90

		平均		240		120						230		115		6.8		7.1		3.0		7.67		7.03		1.09		21.68		29		169		1.790		822		0.833

		蒙中杂雌优株03新梢数量

		品种		99年枝条数		00年枝条数		01年枝条数		02年枝条数		03年枝条数

		初选优株		2		9		60		256		4134

		杂雄群体		2		10		43		175		3002

		中国沙棘		2		9		37		155		2966

		蒙中杂雌优株连年树高

		品种		1999年		2000年		2001年		2002年		2003年

		初选优株		78		113		139		168		218

		杂雄群体		42		93		133		173		212

		中国沙棘		32		67		91		134		161

		蒙中杂雌优株百果重年际变化								蒙中杂雌优株果穗数年际变化								蒙中杂雌优株果实密度年际变化								蒙中杂雌优株果实产量年际变化

		样株号		优1		优10		优12		样株号		优1		优10		优12		样株号		优1		优10		优12		样株号		优1		优10		优12

		2004年		21.9		21.5		21.6		2004年		131		10		367		2003年		80		80		68		2003年		7.4		5.2		5

		2003年		41.2		35.8		30.6		2003年		210		180		241		2004年		15		10		62		2004年		0.4		0.02		5.9
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图24 “蒙×中”杂雌优株果实大小年际变化
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图24“蒙×中”杂雌优株果穗数年际变化
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		03蒙中杂雌优株

		品种		杂雌优株		杂雌群体		乌兰沙林		中国沙棘		品种		杂雌优株		杂雌群体		乌兰沙林		中国沙棘		品种		杂雌优株		杂雌群体		乌兰沙林		中国沙棘		品种		杂雌优株		杂雌群体		乌兰沙林		中国沙棘		品种		杂雌优株		杂雌群体		乌兰沙林		中国沙棘

		2003树冠体积		4.8		3.6		0.8		2.4		2003百果重		35.6		26		26		13.9		果柄长(mm)		3		3		4.7		2		2003果实产量		5.4		0.8		0.1		1.5		1年枝刺(个/10cm)		1.1		1.4		0		3.5

		2004树冠体积		6.8		5.1		1.7		3.2		2004百果重		21.7		20.6		28		9.4												2004果实产量		1.8		1.0		2.4		0.7
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树冠体积（m3）

图20“蒙×中”杂雌与群体、亲本树冠体积
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图21“蒙×中”杂雌与群体、亲本百果重量
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2003果实产量

果实产量（kg/株）

图22“蒙×中”杂雌与群体、亲本果实产量
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1年枝刺(个/10cm)

棘刺密度（个/10cm）

图23 “蒙×中”杂雌与群体、亲本果穗棘刺
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		蒙中杂雌选优模糊决策分析																														“蒙×中”杂雌选优综合指数分析

		序号		样株号		单产		等测变		百果重		等测变		果柄长		等测变		1年枝刺		等测变		冠体		等测变		决策元						序号		样株号		冠体		等测变		百果重		等测变		果产量		等测变		果柄长		等测变		1年刺		等测变		决策指数

		38		杂雌42		0.050		0.008		15.60		0.357		2.5		0.568		2.77		0.022		0.8		0.081		0.179						4		杂雌6		7.4		0.949		28.8		0.659		5.9		1.000		3.2		0.727		0.66		0.091		0.712

		35		杂雌39		0.010		0.002		18.80		0.430		2.2		0.500		2.60		0.023		2.4		0.243		0.208						3		杂雌5		5.2		0.667		35.8		0.819		5.2		0.881		2.7		0.614		0.34		0.176		0.658

		31		杂雌35		0.010		0.002		19.60		0.449		2.4		0.546		1.79		0.034		1.8		0.182		0.215						13		杂雌16		6.3		0.808		30.0		0.686		4.9		0.831		3.2		0.727		0.90		0.067		0.634

		37		杂雌41		0.130		0.022		20.00		0.458		3.0		0.682		3.35		0.018		1.3		0.135		0.229						1		杂雌3		6.4		0.821		43.7		1.000		1.7		0.288		3.6		0.818		0.25		0.240		0.580

		30		杂雌34		0.104		0.018		18.90		0.432		2.3		0.523		1.26		0.048		4.0		0.413		0.238						7		杂雌9		5.2		0.667		27.0		0.618		0.1		0.008		3.4		0.773		0.06		1.000		0.537

		24		杂雌28		0.030		0.001		20.20		0.462		2.8		0.636		1.21		0.050		3.1		0.312		0.244						43		杂雌53		4.7		0.603		25.0		0.572		3.1		0.529		3.3		0.750		0.29		0.207		0.510

		23		杂雌27		0.140		0.024		17.90		0.410		3.1		0.705		1.63		0.037		3.9		0.398		0.248						50		杂雌60		5.0		0.641		27.2		0.622		2.5		0.424		3.1		0.705		1.25		0.048		0.460

		8		杂雌10		0.070		0.012		18.70		0.428		2.7		0.614		0.95		0.063		4.1		0.419		0.248						42		杂雌52		4.8		0.615		29.8		0.682		1.8		0.305		4.1		0.932		0.89		0.067		0.458

		26		杂雌30		0.050		0.008		21.10		0.483		2.5		0.568		2.55		0.024		5.2		0.534		0.262						15		杂雌18		5.5		0.705		24.9		0.570		1.9		0.324		3.4		0.773		1.64		0.037		0.437

		22		杂雌26		1.100		0.038		22.70		0.519		2.6		0.591		1.46		0.041		3.1		0.317		0.266						45		杂雌55		7.8		1.000		21.3		0.487		0.5		0.083		2.6		0.591		1.78		0.034		0.388

		52		杂雌57		0.370		0.063		23.30		0.533		2.2		0.500		2.12		0.028		4.3		0.435		0.278						平均				5.8		0.747		29.4		0.672		2.8		0.467		3.3		0.741		0.81		0.197		0.537

		16		杂雌19		0.060		0.010		23.20		0.531		2.5		0.614		1.18		0.051		4.5		0.459		0.280						46		杂雌56		5.7		0.731		37.5		0.859		0.1		0.010		2.2		0.500		1.84		0.033		0.377

		17		杂雌20		0.070		0.012		24.30		0.556		3.2		0.727		1.53		0.039		3.3		0.339		0.285						5		杂雌7		6.8		0.872		22.1		0.506		0.1		0.008		4.0		0.909		1.87		0.032		0.375

		39		杂雌43		0.120		0.020		23.90		0.547		4.4		1.000		1.53		0.039		1.1		0.109		0.289						12		杂雌15		4.4		0.564		20.0		0.458		2.1		0.356		2.4		0.545		1.48		0.041		0.374

		6		杂雌08		0.100		0.017		20.70		0.474		2.4		0.546		0.60		0.100		7.0		0.712		0.293						44		杂雌54		3.2		0.410		35.7		0.817		0.9		0.147		3.2		0.727		1.21		0.050		0.372

		45		杂雌50		0.014		0.002		29.00		0.664		3.2		0.727		1.12		0.054		2.0		0.200		0.303						9		杂雌11		7.4		0.949		23.6		0.540		0.0		0.006		2.6		0.591		1.19		0.050		0.369

		2		杂雌04		0.360		0.061		25.80		0.590		2.7		0.614		1.50		0.040		4.5		0.463		0.311						49		杂雌59		5.5		0.705		24.8		0.568		0.5		0.085		2.9		0.659		0.79		0.076		0.361

		25		杂雌29		0.830		0.141		25.40		0.581		2.5		0.568		2.43		0.025		3.3		0.335		0.312						6		杂雌8		7.2		0.923		20.7		0.474		0.1		0.017		2.4		0.545		0.60		0.100		0.359

		33		杂雌37		0.430		0.073		26.90		0.616		2.9		0.659		1.47		0.041		3.1		0.322		0.313						30		杂雌36		4.3		0.551		22.4		0.513		0.4		0.068		3.4		0.773		0.25		0.240		0.358

		50		杂雌55		0.490		0.083		21.30		0.487		2.6		0.591		1.78		0.034		7.4		0.762		0.313						48		杂雌58		3.8		0.487		30.4		0.696		0.6		0.102		3.1		0.705		0.70		0.086		0.355

		5		杂雌07		0.050		0.008		22.10		0.506		4.0		0.909		1.87		0.032		6.1		0.625		0.314						11		杂雌14		5.6		0.718		30.2		0.691		0.1		0.008		2.6		0.591		1.30		0.046		0.353

		40		杂雌44		0.940		0.159		22.10		0.506		2.8		0.636		0.40		0.150		2.5		0.253		0.318						27		杂雌33		4.4		0.564		32.4		0.741		0.2		0.029		2.8		0.636		2.32		0.026		0.339

		10		杂雌13		0.044		0.007		28.70		0.657		3.3		0.750		0.77		0.078		2.9		0.293		0.319						20		杂雌24		2.6		0.333		31.4		0.719		0.9		0.153		2.9		0.659		1.00		0.060		0.334

		19		杂雌22		0.970		0.164		27.00		0.618		2.6		0.591		1.84		0.033		2.4		0.246		0.325						21		杂雌25		2.7		0.346		33.3		0.762		0.2		0.025		3.9		0.886		0.84		0.071		0.332

		11		杂雌14		0.010		0.002		30.20		0.691		2.6		0.591		1.30		0.046		5.0		0.508		0.327						2		杂雌4		4.6		0.590		25.8		0.590		0.4		0.061		2.7		0.614		1.50		0.040		0.324

		46		杂雌51		0.140		0.024		31.22		0.714		3.1		0.705		1.01		0.059		2.3		0.232		0.327						39		杂雌49		1.6		0.205		26.8		0.614		1.2		0.203		4.0		0.909		1.56		0.038		0.323

		54		杂雌59		0.500		0.085		24.80		0.568		2.9		0.659		0.79		0.076		4.9		0.503		0.327						32		杂雌38		2.4		0.308		33.3		0.762		0.3		0.046		3.5		0.795		2.14		0.028		0.313

		36		杂雌40		1.040		0.176		24.20		0.554		3.5		0.796		0.66		0.091		1.1		0.108		0.328						38		杂雌44		2.5		0.321		22.1		0.506		0.9		0.159		2.8		0.636		0.40		0.150		0.307

		18		杂雌21		0.230		0.039		34.50		0.789		2.6		0.591		1.80		0.033		1.5		0.154		0.330						22		杂雌26		3.1		0.397		22.7		0.519		1.1		0.186		2.6		0.591		1.46		0.041		0.307

		9		杂雌11		0.034		0.006		23.60		0.540		2.6		0.591		1.19		0.050		9.8		1.000		0.333						14		杂雌17		2.4		0.308		31.2		0.714		0.2		0.027		3.7		0.841		1.28		0.047		0.306

		14		杂雌17		0.160		0.027		31.20		0.714		3.7		0.841		1.28		0.047		2.3		0.236		0.339						25		杂雌29		3.3		0.423		25.4		0.581		0.8		0.141		2.5		0.568		2.43		0.025		0.305

		32		杂雌36		0.400		0.068		22.40		0.513		3.4		0.773		0.25		0.240		4.0		0.408		0.340						10		杂雌13		3.0		0.385		28.7		0.657		0.0		0.007		3.3		0.750		0.77		0.078		0.301

		29		杂雌33		0.174		0.029		32.40		0.741		2.8		0.636		2.32		0.026		4.4		0.445		0.345						19		杂雌22		2.4		0.308		27.0		0.618		1.0		0.164		2.6		0.591		1.84		0.033		0.300

		12		杂雌15		2.100		0.356		20.00		0.458		2.4		0.546		1.48		0.041		4.3		0.442		0.351						31		杂雌37		3.1		0.397		26.9		0.616		0.4		0.073		2.9		0.659		1.47		0.041		0.299

		44		杂雌49		1.200		0.203		26.84		0.614		4.0		0.909		1.56		0.038		1.6		0.159		0.360						16		杂雌19		4.7		0.603		23.2		0.531		0.1		0.010		2.5		0.568		1.18		0.051		0.297

		53		杂雌58		0.600		0.102		30.40		0.696		3.1		0.705		0.70		0.086		3.2		0.330		0.360						26		杂雌30		5.2		0.667		21.1		0.483		0.1		0.008		2.5		0.568		2.55		0.024		0.294

		20		杂雌24		0.900		0.153		31.40		0.719		2.9		0.659		1.00		0.060		2.6		0.261		0.365						47		杂雌57		4.4		0.564		23.3		0.533		0.4		0.063		2.2		0.500		2.12		0.028		0.294

		34		杂雌38		0.270		0.009		33.30		0.762		3.5		0.796		2.14		0.028		2.3		0.503		0.367						41		杂雌51		2.3		0.295		31.2		0.714		0.1		0.024		3.1		0.705		1.01		0.059		0.291

		21		杂雌25		0.150		0.025		33.30		0.762		3.9		0.886		0.84		0.071		2.7		0.280		0.367						34		杂雌40		1.1		0.141		24.2		0.554		1.0		0.176		3.5		0.795		0.66		0.091		0.290

		51		杂雌56		0.060		0.010		37.53		0.859		2.2		0.500		1.84		0.033		5.3		0.537		0.371						8		杂雌10		4.8		0.615		18.7		0.428		0.1		0.012		2.7		0.614		0.95		0.063		0.286

		15		杂雌18		1.910		0.324		24.90		0.570		3.4		0.773		1.64		0.037		5.2		0.529		0.406						18		杂雌21		1.6		0.205		34.5		0.789		0.2		0.039		2.6		0.591		1.80		0.033		0.276

		49		杂雌54		0.870		0.147		35.70		0.817		3.2		0.727		1.21		0.050		5.4		0.552		0.427						40		杂雌50		2.0		0.256		29.0		0.664		0.0		0.002		3.2		0.727		1.12		0.054		0.268

		48		杂雌53		2.600		0.441		21.00		0.481		3.3		0.750		0.29		0.207		4.4		0.452		0.438						23		杂雌27		3.9		0.500		17.9		0.410		0.1		0.024		3.1		0.705		1.63		0.037		0.267

		55		杂雌60		2.500		0.424		27.20		0.622		3.1		0.705		1.25		0.048		5.0		0.513		0.445						28		杂雌34		4.1		0.526		18.9		0.432		0.1		0.018		2.3		0.523		1.26		0.048		0.259

		47		杂雌52		1.800		0.305		29.80		0.682		4.1		0.932		0.89		0.067		5.1		0.522		0.455						37		杂雌43		1.1		0.141		23.9		0.547		0.1		0.020		4.4		1.000		1.53		0.039		0.252

		7		杂雌09		0.050		0.008		27.00		0.618		3.4		0.773		0.06		1.000		5.2		0.537		0.519						24		杂雌28		3.1		0.397		20.2		0.462		0.0		0.005		2.8		0.636		1.21		0.050		0.247

		1		杂雌03		1.700		0.288		43.70		1.000		3.6		0.818		0.25		0.240		5.9		0.601		0.576						17		杂雌20		1.9		0.244		24.3		0.556		0.1		0.012		3.2		0.727		1.53		0.039		0.244

		13		杂雌16		5.000		0.847		30.60		0.700		3.2		0.727		1.44		0.047		6.2		0.637		0.610						35		杂雌41		1.3		0.167		20.0		0.458		0.1		0.022		3.0		0.682		3.35		0.018		0.203

		3		杂雌05		5.200		0.881		35.80		0.819		2.7		0.614		0.34		0.176		4.4		0.455		0.652						33		杂雌39		2.4		0.308		18.8		0.430		0.0		0.002		2.2		0.500		2.60		0.023		0.203

		4		杂雌06		5.900		1.000		28.80		0.659		3.2		0.727		0.66		0.091		7.0		0.718		0.660						29		杂雌35		1.9		0.244		19.6		0.449		0.0		0.002		2.4		0.545		1.79		0.034		0.200

				平均		0.841				26.2				2.996				1.36				3.9				0.346						36		杂雌42		0.8		0.103		15.6		0.357		0.1		0.008		2.5		0.568		2.77		0.022		0.156

																																平均				4.0		0.510		26.3		0.602		0.9		0.150		3.0		0.682		1.34		0.084		0.353
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		“蒙×中”杂交雌株50株结实单株性状表																																																																																																																																																																		“蒙×中”杂雌与中雌1年枝刺频数分布

		序号		编号		树高		均冠		冠体		地径		当年枝		1年枝		果色		味道		序号		果纵径		果横径		果形系数		果柄长		果穗数		果实密度		百果重		果产量		1年刺		成熟期				序号		编号		果柄长				序号		编号		果穗数				序号		编号		果实密度				序号		编号		百果重				序号		编号		果产量				序号		编号		冠体				序号		编号		1年刺				序号		编号		果形系数		序号		编号		成熟期				序号		编号		果柄长				序号		编号		果穗数				序号		编号		果实密度				序号		编号		百果重				序号		编号		果产量				序号		编号		1年刺				1年枝刺		＜0.5		0.5-1		1-1.5		1.5-2		2-2.5		2.5-3		＞3				序号		编号		果形系数				序号		编号		成熟期

		1		杂雌3		292		204		6.4		5.7		4560		285		橘黄		酸		1		9.53		9.49		1.00		3.6		138.0		29.0		43.70		1.700		0.25		825				39		杂雌39		2.2				7		杂雌7		10.0				7		杂雌7		10.0				42		杂雌42		15.60				35		杂雌35		0.010				42		杂雌42		0.8				9		杂雌9		0.06				12		杂雌15		0.92		22		杂雌26		802				3		中雌5		1.4				16		中雌19		25				26		中雌33		21				43		中雌53		8.54				16		中雌19		0.11				32		中雌42		1.27				频数（%）		12		22		28		22		8		6		2				15		中雌15		0.81				50		中雌50		823

		2		杂雌4		296		173		4.6		4.7		1088		68		橘黄		酸甜		2		7.76		7.60		1.02		2.7		28.0		50.0		25.80		0.360		1.50		820				56		杂雌56		2.2				9		杂雌9		10.0				9		杂雌9		10.0				27		杂雌27		17.90				39		杂雌39		0.010				40		杂雌40		1.1				3		杂雌3		0.25				25		杂雌29		0.93		17		杂雌20		805				2		中雌4		1.5				39		中雌49		30				24		中雌30		26				23		中雌29		8.72				26		中雌33		0.16				31		中雌41		2.00				株数		6		11		14		11		4		3		1				13		中雌13		0.84				41		中雌41		901

		3		杂雌5		278		189		5.2		6.1		3618		253		橘红		酸		3		8.34		8.17		1.02		2.7		180.0		80.0		35.80		5.200		0.34		815				57		杂雌57		2.2				13		杂雌13		10.0				13		杂雌13		10.0				10		杂雌10		18.70				50		杂雌50		0.014				43		杂雌43		1.1				36		杂雌36		0.25				26		杂雌30		0.93		44		杂雌54		805				24		中雌30		1.5				3		中雌5		39				28		中雌35		28				32		中雌42		9.62				2		中雌4		0.23				9		中雌11		2.14				频数（%）						2		2		4		12		80				6		中雌6		0.85				55		中雌55		913

		4		杂雌6		311		213		7.4		8.5		4301		253		橘黄		酸		4		7.43		7.18		1.03		3.2		229.0		90.0		28.80		5.900		0.66		820				34		杂雌34		2.3				14		杂雌14		10.0				14		杂雌14		10.0				39		杂雌39		18.80				28		杂雌28		0.030				41		杂雌41		1.3				53		杂雌53		0.29				16		杂雌19		0.94		46		杂雌56		805				6		中雌8		1.6				18		中雌21		42				16		中雌19		30				42		中雌52		9.9				3		中雌5		0.27				3		中雌5		2.25				株数						1		1		2		6		40				14		中雌14		0.87				58		中雌58		913

		5		杂雌7		290		212		6.8		5.8		4556		268		橘黄		酸		5		7.79		7.17		1.09		4.0		10.0		10.0		22.10		0.050		1.87		825				8		杂雌8		2.4				30		杂雌30		10.0				20		杂雌20		10.0				34		杂雌34		18.90				11		杂雌11		0.034				21		杂雌21		1.6				5		杂雌5		0.34				29		杂雌35		0.94		43		杂雌53		808				14		中雌16		1.6				2		中雌4		43				15		中雌18		36				35		中雌45		9.99				18		中雌21		0.27				15		中雌18		2.61				“蒙×中”杂雌与中雌1年枝刺频数分布																		4		中雌4		0.88				56		中雌56		914

		6		杂雌8		239		240		7.2		4.4		5720		260		橘黄		酸		6		7.62		6.92		1.10		2.4		25.0		20.0		20.70		0.100		0.60		814				15		杂雌15		2.4				35		杂雌35		10.0				30		杂雌30		10.0				35		杂雌35		19.60				13		杂雌13		0.044				49		杂雌49		1.6				44		杂雌44		0.40				46		杂雌56		0.95		3		杂雌5		809				39		中雌49		1.6				15		中雌18		43				22		中雌25		42				38		中雌48		10.19				24		中雌30		0.28				7		中雌9		2.69				1年枝刺		＜0.5		0.5-1		1-1.5		1.5-2		2-2.5		2.5-3		＞3				5		中雌5		0.9				52		中雌52		916

		7		杂雌9		272		192		5.2		6.1		3105		207		橘红		酸		7		8.02		8.12		0.99		3.4		10.0		10.0		27.00		0.050		0.06		814				35		杂雌35		2.4				39		杂雌39		10.0				35		杂雌35		10.0				15		杂雌15		20.00				7		杂雌7		0.050				20		杂雌20		1.9				8		杂雌8		0.60				49		杂雌59		0.95		13		杂雌16		809				42		中雌52		1.6				25		中雌32		44				17		中雌20		43				33		中雌43		10.3				15		中雌18		0.30				35		中雌45		2.88				“蒙×中”杂雌		12		22		28		22		8		6		2				51		中雌51		0.9				59		中雌59		916

		8		杂雌10		263		187		4.8		4.0		2329		137		橘黄		酸		8		7.56		7.00		1.08		2.7		22.0		17.0		18.70		0.070		0.95		820				19		杂雌19		2.5				42		杂雌42		10.0				39		杂雌39		10.0				41		杂雌41		20.00				9		杂雌9		0.050				35		杂雌35		1.9				6		杂雌6		0.66				11		杂雌14		0.97		20		杂雌24		809				8		中雌10		1.7				26		中雌33		45				1		中雌1		45				3		中雌5		10.32				28		中雌35		0.3				36		中雌46		2.94				中国雌株						1		1		2		6		40				22		中雌22		0.91				6		中雌6		918

		9		杂雌11		235		246		7.4		7.5		5910		394		橘红		酸		9		7.30		7.46		0.98		2.6		72.0		20.0		23.60		0.034		1.19		814				29		杂雌29		2.5				50		杂雌50		10.0				42		杂雌42		10.0				28		杂雌28		20.20				14		杂雌14		0.050				50		杂雌50		2				40		杂雌40		0.66				15		杂雌18		0.97		26		杂雌30		809				27		中雌34		1.7				45		中雌55		45				25		中雌32		46				27		中雌34		10.79				43		中雌53		0.31				1		中雌1		2.98																						54		中雌54		0.91				57		中雌57		918

		10		杂雌13		210		164		3		4.5		1456		112		橘红		酸		10		8.44		7.81		1.08		3.3		10.0		10.0		28.70		0.044		0.77		814				30		杂雌30		2.5				56		杂雌56		10.0				50		杂雌50		10.0				8		杂雌8		20.70				30		杂雌30		0.050				51		杂雌51		2.3				58		杂雌58		0.70				9		杂雌11		0.98		34		杂雌40		809				41		中雌51		1.7				44		中雌54		47				43		中雌53		46				24		中雌30		10.85				25		中雌32		0.32				37		中雌47		3.00																						11		中雌11		0.92				1		中雌1		921

		11		杂雌14		292		191		5.6		4.1		1480		74		橘红		酸		11		7.87		8.13		0.97		2.6		10.0		10.0		30.20		0.050		1.30		815				42		杂雌42		2.5				43		杂雌43		13.0				56		杂雌56		10.0				30		杂雌30		21.10				42		杂雌42		0.050				17		杂雌17		2.4				13		杂雌13		0.77				7		杂雌9		0.99		41		杂雌51		809				44		中雌54		1.7				4		中雌6		48				18		中雌21		47				7		中雌9		10.88				35		中雌45		0.32				44		中雌54		3.08																						49		中雌49		0.92				40		中雌40		922

		12		杂雌15		252		183		4.4		5.5		4494		214		橘红		酸甜		12		6.50		7.09		0.92		2.4		127.0		83.0		20.00		2.100		1.48		817				11		杂雌11		2.6				41		杂雌41		15.0				25		杂雌25		15.0				55		杂雌55		21.30				19		杂雌19		0.060				22		杂雌22		2.4				59		杂雌59		0.79				18		杂雌21		0.99		23		杂雌27		813				1		中雌1		1.8				35		中雌45		54				2		中雌4		48				40		中雌50		11.01				50		中雌60		0.37				29		中雌37		3.21																						60		中雌60		0.92				29		中雌29		923

		13		杂雌16		220		233		6.3		4.4		4643		278		橘酸		酸		13		8.48		8.01		1.06		3.2		241.0		68.0		30.00		5.000		0.90		820				14		杂雌14		2.6				51		杂雌51		15.0				19		杂雌19		16.0				7		杂雌7		22.10				56		杂雌56		0.060				38		杂雌38		2.4				25		杂雌25		0.84				35		杂雌41		0.99		24		杂雌28		813				28		中雌35		1.8				17		中雌20		55				38		中雌48		49				50		中雌60		11.04				17		中雌20		0.39				6		中雌8		3.23																						43		中雌43		0.93				10		中雌10		924

		14		杂雌17		203		151		2.4		3.8		3072		192		橘红		酸甜		14		8.64		8.18		1.06		3.7		20.0		25.0		31.20		0.160		1.28		823				21		杂雌21		2.6				19		杂雌19		16.0				21		杂雌21		16.0				44		杂雌44		22.10				10		杂雌10		0.070				39		杂雌39		2.4				52		杂雌52		0.89				40		杂雌50		0.99		45		杂雌55		813				30		中雌40		1.8				47		中雌57		60				50		中雌60		51				37		中雌47		11.18				39		中雌49		0.44				38		中雌48		3.33																						12		中雌12		0.94				23		中雌23		924

		15		杂雌18		273		197		5.5		6.0		4422		201		橘红		酸		15		7.80		8.05		0.97		3.4		110.0		70.0		24.90		1.910		1.64		820				22		杂雌22		2.6				38		杂雌38		19.0				10		杂雌10		17.0				36		杂雌36		22.40				20		杂雌20		0.070				44		杂雌44		2.5				16		杂雌16		0.90				47		杂雌57		0.99		10		杂雌13		814				40		中雌50		1.8				49		中雌59		61				6		中雌8		55				2		中雌4		11.33				22		中雌25		0.48				17		中雌20		3.34																						19		中雌19		0.94				44		中雌44		924

		16		杂雌19		242		193		4.7		4.1		1360		80		橘红		酸		16		7.02		7.49		0.94		2.5		16.0		16.0		23.20		0.060		1.18		815				26		杂雌26		2.6				17		杂雌17		20.0				33		杂雌33		18.0				26		杂雌26		22.70				8		杂雌8		0.100				24		杂雌24		2.6				10		杂雌10		0.95				1		杂雌3		1.00		11		杂雌14		814				43		中雌53		1.8				28		中雌35		66				42		中雌52		56				36		中雌46		11.44				42		中雌52		0.53				30		中雌40		3.36																						45		中雌45		0.94				7		中雌7		925

		17		杂雌20		219		129		1.9		4.7		4065		271		橘红		酸甜		17		7.75		7.72		1.00		3.2		30.0		10.0		24.30		0.070		1.53		805				55		杂雌55		2.6				10		杂雌10		22.0				34		杂雌34		18.0				19		杂雌19		23.20				34		杂雌34		0.104				25		杂雌25		2.7				24		杂雌24		1.00				17		杂雌20		1.00		33		杂雌39		814				45		中雌55		1.8				50		中雌60		66				35		中雌45		60				10		中雌12		12.29				6		中雌8		0.55				40		中雌50		3.38																						10		中雌10		0.95				11		中雌11		925

		18		杂雌21		153		142		1.6		3.3		2080		160		橘黄		酸		18		8.89		8.98		0.99		2.6		42.0		16.0		34.50		0.230		1.80		820				4		杂雌4		2.7				8		杂雌8		25.0				8		杂雌8		20.0				57		杂雌57		23.30				43		杂雌43		0.120				13		杂雌13		3				51		杂雌51		1.01				2		杂雌4		1.02		38		杂雌44		814				5		中雌7		1.9				10		中雌12		68				4		中雌6		64				46		中雌56		12.3				40		中雌50		0.60				23		中雌29		3.40																						29		中雌29		0.95				46		中雌46		925

		19		杂雌22		165		167		2.4		5.5		2100		175		橘黄		酸		19		9.28		7.71		1.20		2.6		73.0		40.0		27.00		0.970		1.84		901				5		杂雌5		2.7				58		杂雌58		27.0				11		杂雌11		20.0				11		杂雌11		23.60				41		杂雌41		0.130				26		杂雌26		3.1				50		杂雌50		1.12				3		杂雌5		1.02		2		杂雌4		815				9		中雌11		1.9				6		中雌8		70				3		中雌5		67				19		中雌22		12.33				4		中雌6		0.61				27		中雌34		3.40																						30		中雌30		0.95				51		中雌51		925

		20		杂雌24		173		168		2.6		5.3		2397		141		橘黄		酸甜		20		8.22		7.89		1.04		2.9		80.0		35.0		31.40		0.900		1.00		802				10		杂雌10		2.7				4		杂雌4		28.0				27		杂雌27		20.0				43		杂雌43		23.90				27		杂雌27		0.140				28		杂雌28		3.1				19		杂雌19		1.18				41		杂雌51		1.02		4		杂雌6		815				23		中雌29		1.9				22		中雌25		70				40		中雌50		67				39		中雌49		12.62				44		中雌54		0.62				41		中雌51		3.43																						35		中雌35		0.95				54		中雌54		925

		21		杂雌25		176		172		2.7		3.7		1120		70		橘红		酸		21		9.20		7.92		1.16		3.9		30.0		15.0		33.30		0.150		0.84		805				28		杂雌28		2.8				20		杂雌20		30.0				17		杂雌17		25.0				40		杂雌40		24.20				51		杂雌51		0.140				37		杂雌37		3.1				11		杂雌11		1.19				4		杂雌6		1.03		8		杂雌10		815				33		中雌43		1.9				36		中雌46		75				14		中雌16		70				9		中雌11		13.26				45		中雌55		0.62				11		中雌13		3.45																						48		中雌48		0.95				13		中雌13		928

		22		杂雌26		172		186		3.1		5.5		3213		189		橘黄		酸		22		7.76		6.93		1.12		2.6		137.0		35.0		22.70		1.100		1.46		815				33		杂雌33		2.8				25		杂雌25		30.0				3		杂雌3		29.0				20		杂雌20		24.30				25		杂雌25		0.150				54		杂雌54		3.2				28		杂雌28		1.21				20		杂雌24		1.04		19		杂雌22		815				48		中雌58		1.9				11		中雌13		80				44		中雌54		73				30		中雌40		13.74				36		中雌46		0.69				4		中雌6		3.48																						20		中雌20		0.96				15		中雌15		928

		23		杂雌27		256		171		3.9		4.6		3287		173		橘黄		酸甜		23		7.96		6.94		1.15		3.1		40.0		20.0		17.90		0.140		1.63		805				44		杂雌44		2.8				33		杂雌33		30.0				37		杂雌37		30.0				59		杂雌59		24.80				17		杂雌17		0.160				29		杂雌29		3.3				54		杂雌54		1.21				27		杂雌33		1.04		30		杂雌36		815				49		中雌59		1.9				21		中雌24		80				37		中雌47		75				8		中雌10		13.76				37		中雌47		0.7				50		中雌60		3.48																						21		中雌21		0.96				12		中雌12		930

		24		杂雌28		231		161		3.1		4.7		3762		171		橘黄		酸		24		7.59		7.12		1.07		2.8		77.0		32.0		20.20		0.030		1.21		815				24		杂雌24		2.9				34		杂雌34		31.0				51		杂雌51		30.0				18		杂雌18		24.90				33		杂雌33		0.174				58		杂雌58		3.8				60		杂雌60		1.25				28		杂雌34		1.04		31		杂雌37		815				7		中雌9		2				40		中雌50		80				31		中雌41		77				18		中雌21		13.93				49		中雌59		0.84				19		中雌22		3.53																						34		中雌34		0.96				14		中雌14		930

		25		杂雌29		236		164		3.3		4.7		3914		206		橘红		酸		25		7.13		7.68		0.93		2.5		78.0		42.0		25.40		0.830		2.43		815				37		杂雌37		2.9				36		杂雌36		36.0				28		杂雌28		32.0				53		杂雌53		25.00				21		杂雌21		0.230				27		杂雌27		3.9				34		杂雌34		1.26				31		杂雌37		1.04		40		杂雌50		815				10		中雌12		2				43		中雌53		80				21		中雌24		78				6		中雌8		14.24				38		中雌48		0.93				14		中雌16		3.56				“蒙×中”杂雌与中雌果形系数频数分布																		50		中雌50		0.96				35		中雌35		930

		26		杂雌30		218		214		5.2		5.4		2629		146		黄		酸		26		6.80		7.28		0.93		2.5		10.0		10.0		21.10		0.050		2.55		809				59		杂雌59		2.9				27		杂雌27		40.0				24		杂雌24		35.0				29		杂雌29		25.40				38		杂雌38		0.270				34		杂雌34		4.1				17		杂雌17		1.28				37		杂雌43		1.04		50		杂雌60		815				13		中雌15		2				37		中雌47		84				36		中雌46		80				11		中雌13		14.27				21		中雌24		0.94				24		中雌30		3.56				果形系数		＜0.9		0.9-1.0		1.0-1.1		1.1-1.2		＞1.2								8		中雌8		0.97				49		中雌49		930

		27		杂雌33		195		207		4.4		4.8		3608		164		橘黄		酸		27		8.53		8.23		1.04		2.8		30.0		18.0		32.40		0.174		2.32		813				41		杂雌41		3.0				57		杂雌57		40.0				26		杂雌26		35.0				4		杂雌4		25.80				4		杂雌4		0.360				36		杂雌36		4.3				14		杂雌14		1.30				13		杂雌16		1.06		1		杂雌3		817				17		中雌20		2				8		中雌10		93				19		中雌22		83				16		中雌19		14.31				19		中雌22		1.03				34		中雌44		3.58				“蒙×中”杂雌		0		34		44		20		2								16		中雌16		0.97				5		中雌5		1002

		28		杂雌34		202		196		4.1		4.3		4240		212		橘黄		甜酸		28		6.90		6.64		1.04		2.3		31.0		18.0		18.90		0.104		1.26		813				27		杂雌27		3.1				21		杂雌21		42.0				54		杂雌54		35.0				49		杂雌49		26.84				57		杂雌57		0.370				15		杂雌15		4.4				26		杂雌26		1.46				14		杂雌17		1.06		35		杂雌41		817				18		中雌21		2				42		中雌52		95				7		中雌9		84				12		中雌14		14.55				1		中雌1		1.06				21		中雌24		3.62				中国雌株		10		68		22		0		0								46		中雌46		0.97				8		中雌8		1002

		29		杂雌35		193		137		1.9		6.0		1843		97		橘黄		酸		29		6.97		7.41		0.94		2.4		10.0		10.0		19.60		0.010		1.79		901				51		杂雌51		3.1				59		杂雌59		50.0				22		杂雌22		40.0				37		杂雌37		26.90				36		杂雌36		0.400				33		杂雌33		4.4				37		杂雌37		1.47				36		杂雌42		1.06		42		杂雌52		817				31		中雌41		2.0				30		中雌40		99				32		中雌42		86				13		中雌15		14.63				33		中雌43		1.23				45		中雌55		3.63																						53		中雌53		0.97				16		中雌16		1002

		30		杂雌36		293		167		4.3		4.3		3380		169		橘红		酸		30		8.03		6.73		1.19		3.4		36.0		50.0		22.40		0.400		0.25		822				58		杂雌58		3.1				40		杂雌40		51.0				43		杂雌43		40.0				9		杂雌9		27.00				37		杂雌37		0.430				57		杂雌57		4.4				15		杂雌15		1.48				43		杂雌53		1.06		14		杂雌17		818				50		中雌60		2				19		中雌22		101				49		中雌59		86				45		中雌55		14.76				10		中雌12		1.3				49		中雌59		3.64																						56		中雌56		0.97				34		中雌34		1002

		31		杂雌37		213		168		3.1		5.4		3876		228		橘黄		酸甜		31		7.93		7.65		1.04		2.9		53.0		30.0		26.90		0.430		1.47		825				60		杂雌60		3.1				37		杂雌37		53.0				55		杂雌55		40.0				22		杂雌22		27.00				55		杂雌55		0.490				4		杂雌4		4.6				4		杂雌4		1.50				24		杂雌28		1.07		6		杂雌8		820				32		中雌42		2.1				24		中雌30		101				46		中雌56		92				41		中雌51		14.9				32		中雌42		1.3				5		中雌7		3.73																						7		中雌7		0.98				47		中雌47		1002

		32		杂雌38		215		147		2.4		3.8		2112		96		橘黄		酸甜		32		9.09		8.09		1.12		3.5		19.0		42.0		33.30		0.270		2.14		809				6		杂雌6		3.2				55		杂雌55		57.0				57		杂雌57		40.0				60		杂雌60		27.20				59		杂雌59		0.500				19		杂雌19		4.7				20		杂雌20		1.53				8		杂雌10		1.08		9		杂雌11		820				34		中雌44		2.1				12		中雌14		109				29		中雌37		93				21		中雌24		14.98				47		中雌57		1.3				46		中雌56		3.76																						24		中雌24		0.98				37		中雌37		1003

		33		杂雌39		203		150		2.4		4.1		1728		108		橘红		酸		33		8.19		7.10		1.15		2.2		10.0		10.0		18.80		0.010		2.60		813				16		杂雌16		3.2				54		杂雌54		70.0				59		杂雌59		40.0				13		杂雌13		28.70				58		杂雌58		0.600				53		杂雌53		4.7				43		杂雌43		1.53				10		杂雌13		1.08		12		杂雌15		820				34		中雌45		2.1				31		中雌41		112				34		中雌44		93				31		中雌41		15.50				31		中雌41		1.34				39		中雌49		3.77																						40		中雌40		0.98				4		中雌4		1008

		34		杂雌40		131		127		1.1		4.2		1254		66		黄		酸		34		7.61		7.06		1.08		3.5		51.0		84.0		24.20		1.040		0.66		809				20		杂雌20		3.2				11		杂雌11		72.0				29		杂雌29		42.0				6		杂雌6		28.80				29		杂雌29		0.830				10		杂雌10		4.8				49		杂雌49		1.56				34		杂雌40		1.08		18		杂雌21		820				36		中雌47		2.1				33		中雌43		123				45		中雌55		93				25		中雌32		15.68				30		中雌40		1.35				42		中雌52		3.78																						41		中雌41		0.99				20		中雌20		1008

		35		杂雌41		180		119		1.3		3.2		1680		84		橘黄		酸		35		6.86		6.95		0.99		3.0		15.0		42.0		20.00		0.130		3.35		809				50		杂雌50		3.2				22		杂雌22		73.0				38		杂雌38		42.0				50		杂雌50		29.00				54		杂雌54		0.870				52		杂雌52		4.8				27		杂雌27		1.63				39		杂雌49		1.08		21		杂雌25		820				47		中雌57		2.1				1		中雌1		127				33		中雌43		97				22		中雌25		16.16				8		中雌10		1.8				12		中雌14		3.82																						52		中雌52		0.99				22		中雌22		1008

		36		杂雌42		160		98		0.8		3.3		912		57		橘红		酸		36		6.81		6.42		1.06		2.5		10.0		10.0		15.60		0.050		2.77		822				54		杂雌54		3.2				28		杂雌28		77.0				41		杂雌41		42.0				52		杂雌52		29.80				24		杂雌24		0.900				60		杂雌60		5				18		杂雌18		1.64				45		杂雌55		1.08		27		杂雌33		820				26		中雌33		2.2				13		中雌15		135				27		中雌34		98				49		中雌59		16.16				23		中雌29		1.8				8		中雌10		3.86																						1		中雌1		1				25		中雌25		1008

		37		杂雌43		152		116		1.1		4.1		1521		117		橘黄		酸甜		37		7.94		7.63		1.04		4.4		13.0		40.0		23.90		0.120		1.53		809				13		杂雌13		3.3				49		杂雌49		77.0				4		杂雌4		50.0				14		杂雌14		30.20				44		杂雌44		0.940				5		杂雌5		5.2				55		杂雌55		1.78				5		杂雌7		1.09		32		杂雌38		820				37		中雌48		2.2				14		中雌16		153				30		中雌40		98				28		中雌35		16.28				11		中雌13		1.83				26		中雌33		3.88																						25		中雌25		1				32		中雌32		1008

		38		杂雌44		201		154		2.5		6.1		3237		249		橘红		酸		38		7.76		6.57		1.18		2.8		85.0		50.0		22.10		0.940		0.40		822				53		杂雌53		3.3				29		杂雌29		78.0				36		杂雌36		50.0				58		杂雌58		30.40				22		杂雌22		0.970				9		杂雌9		5.2				35		杂雌35		1.79				6		杂雌8		1.10		36		杂雌42		820				12		中雌14		2.3				32		中雌42		157				20		中雌23		105				47		中雌57		16.36				27		中雌34		1.88				25		中雌32		3.89																						55		中雌55		1				33		中雌33		1008

		39		杂雌49		173		131		1.6		3.6		2538		141		橘黄		酸		39		7.74		7.14		1.08		4.0		77.0		56.0		26.84		1.200		1.56		817				9		杂雌9		3.4				24		杂雌24		80.0				44		杂雌44		50.0				16		杂雌16		30.00				40		杂雌40		1.040				30		杂雌30		5.2				21		杂雌21		1.80				44		杂雌54		1.10		39		杂雌49		820				16		中雌19		2.3				5		中雌7		170				39		中雌49		116				17		中雌20		16.45				7		中雌9		2.02				43		中雌53		3.92																						58		中雌58		1				53		中雌53		1008

		40		杂雌50		165		151		2		5.7		2512		157		橘黄		酸		40		8.09		8.19		0.99		3.2		10.0		10.0		29.00		0.014		1.12		818				18		杂雌18		3.4				44		杂雌44		85.0				52		杂雌52		50.0				17		杂雌17		31.20				26		杂雌26		1.100				18		杂雌18		5.5				22		杂雌22		1.84				22		杂雌26		1.12		7		杂雌9		822				29		中雌37		2.3				9		中雌11		171				23		中雌29		118				26		中雌33		16.67				46		中雌56		2.06				47		中雌57		3.93																						33		中雌33		1.01				60		中雌60		1008

		41		杂雌51		183		154		2.3		4.5		2436		174		橘黄		酸		41		8.80		8.59		1.02		3.1		15.0		30.0		31.22		0.140		1.01		809				36		杂雌36		3.4				18		杂雌18		110.0				49		杂雌49		56.0				51		杂雌51		31.22				49		杂雌49		1.200				59		杂雌59		5.5				56		杂雌56		1.84				32		杂雌38		1.12		29		杂雌35		822				11		中雌13		2.4				48		中雌58		174				5		中雌7		122				5		中雌7		16.83				14		中雌16		2.13				20		中雌23		3.95																						37		中雌37		1.01				30		中雌30		1014

		42		杂雌52		220		205		4.8		5.7		4428		246		橘黄		酸		42		9.62		7.91		1.22		4.1		120.0		50.0		29.80		1.800		0.89		815				38		杂雌38		3.5				60		杂雌60		110.0				16		杂雌16		68.0				24		杂雌24		31.40				3		杂雌3		1.700				14		杂雌14		5.6				7		杂雌7		1.87				48		杂雌58		1.13		47		杂雌57		822				19		中雌22		2.4				23		中雌29		175				47		中雌57		132				20		中雌23		17.12				12		中雌14		2.44				10		中雌12		4.01																						9		中雌9		1.02				18		中雌18		1015

		43		杂雌53		240		193		4.7		7.0		2932		181		橘黄		酸		43		7.28		6.90		1.06		3.3		150.0		83.0		25.00		3.120		0.29		815				40		杂雌40		3.5				52		杂雌52		120.0				18		杂雌18		70.0				33		杂雌33		32.40				52		杂雌52		1.800				56		杂雌56		5.7				57		杂雌57		2.12				50		杂雌60		1.13		48		杂雌58		822				25		中雌32		2.4				27		中雌34		179				48		中雌58		137				44		中雌54		18.05				9		中雌11		3.32				2		中雌4		4.02																						18		中雌18		1.02				24		中雌24		1015

		44		杂雌54		213		170		3.2		7.6		4505		265		橘红		酸		44		9.38		8.49		1.10		3.2		70.0		35.0		35.70		0.870		1.21		820				3		杂雌3		3.6				15		杂雌15		127.0				58		杂雌58		75.0				25		杂雌25		33.30				18		杂雌18		1.910				16		杂雌16		6.3				38		杂雌38		2.14				23		杂雌27		1.15		28		杂雌34		823				21		中雌24		2.5				46		中雌56		182				8		中雌10		140				29		中雌37		18.15				13		中雌15		3.39				48		中雌58		4.06																						44		中雌44		1.02				45		中雌45		1015

		45		杂雌55		226		256		7.8		6.2		2326		164		橘黄		酸		45		8.66		8.05		1.08		2.6		57.0		40.0		21.30		0.490		1.78		820				17		杂雌17		3.7				26		杂雌26		137.0				5		杂雌5		80.0				38		杂雌38		33.30				15		杂雌15		2.100				3		杂雌3		6.4				33		杂雌33		2.32				33		杂雌39		1.15		15		杂雌18		825				35		中雌46		2.5				38		中雌48		190				9		中雌11		146				48		中雌58		18.26				5		中雌7		3.48				13		中雌15		4.14																						32		中雌32		1.03				48		中雌48		1015

		46		杂雌56		250		209		5.7		6.0		2030		145		橘黄		酸甜		46		8.49		8.95		0.95		2.2		10.0		10.0		37.53		0.060		1.84		820				25		杂雌25		3.9				3		杂雌3		138.0				15		杂雌15		83.0				21		杂雌21		34.50				60		杂雌60		2.500				7		杂雌7		6.8				29		杂雌29		2.43				21		杂雌25		1.16		16		杂雌19		825				20		中雌23		2.8				20		中雌23		200				10		中雌12		155				1		中雌1		18.52				20		中雌23		3.6				18		中雌21		4.22																						47		中雌47		1.03				21		中雌21		1020

		47		杂雌57		185		213		4.4		5.1		3468		204		橘黄		酸甜		47		7.56		7.67		0.99		2.2		40.0		40.0		23.30		0.370		2.12		825				7		杂雌7		4.0				53		杂雌53		150.0				53		杂雌53		83.0				54		杂雌54		35.70				53		杂雌53		3.100				8		杂雌8		7.2				30		杂雌30		2.55				38		杂雌44		1.18		25		杂雌29		825				22		中雌25		2.9				34		中雌44		202				11		中雌13		160				15		中雌18		19.69				34		中雌44		4.23				22		中雌25		4.23																						57		中雌57		1.03				42		中雌42		1020

		48		杂雌58		253		169		3.8		4.6		1456		91		橘黄		酸		48		9.34		8.25		1.13		3.1		27.0		75.0		30.40		0.600		0.70		817				49		杂雌49		4.0				5		杂雌5		180.0				40		杂雌40		84.0				5		杂雌5		35.80				16		杂雌16		4.900				6		杂雌6		7.4				39		杂雌39		2.60				30		杂雌36		1.19		37		杂雌43		825				46		中雌56		2.9				7		中雌9		220				12		中雌14		167				14		中雌16		19.79				48		中雌58		4.36				16		中雌19		4.49																						23		中雌23		1.04				19		中雌19		1025

		49		杂雌59		208		224		5.5		5.5		5149		271		橘黄		酸甜		49		7.78		8.20		0.95		2.9		50.0		40.0		24.80		0.500		0.79		822				52		杂雌52		4.1				6		杂雌6		229.0				60		杂雌60		95.0				56		杂雌56		37.53				5		杂雌5		5.200				11		杂雌11		7.4				42		杂雌42		2.77				19		杂雌22		1.20		5		杂雌7		901				4		中雌6		3.1				41		中雌51		256				13		中雌15		170				4		中雌6		20.1				29		中雌37		5.8				28		中雌35		4.78																						59		中雌59		1.04				9		中雌9		1030

		50		杂雌60		256		194		5		5.8		3122		233		橘黄		酸甜		50		8.55		7.57		1.13		3.1		110.0		84.0		27.20		2.500		1.25		808				43		杂雌43		4.4				16		杂雌16		241.0				6		杂雌6		105.0				3		杂雌3		43.70				6		杂雌6		5.900				55		杂雌55		7.8				41		杂雌41		3.35				42		杂雌52		1.22		49		杂雌59		901				15		中雌18		3.1				29		中雌37		342				41		中雌51		205				34		中雌44		22.52				41		中雌51		7.81				33		中雌43		4.90																						42		中雌42		1.07				43		中雌43		1030

		平均				222		178		3.9		5.1		3019		178						平均		8.01		7.65		1.05		3.0		58.9		36.4		26.2		0.85		1.35						平均				3.0				平均				58.9				平均				36.9				平均				26.2				平均				0.85				平均				3.9				平均				1.35

		序号		编号		树高		均冠		冠体		地径		当年枝		1年枝		果色		味道				果纵径		果横径		果形系数		果柄长		果穗数		果实密度		百果重		果产量		1年刺		成熟期

		百果重		果产量				果穗数		果产量				果实密度		果产量																														“蒙×中”杂雌果柄长度频数分布																		“蒙×中”杂雌百果重频数分布																		“蒙×中”杂雌果实产量频数分布																“蒙×中”杂雌1年枝刺频数分布																		“蒙×中”杂雌与中雌果柄长度频数分布																		“蒙×中”杂雌与中雌果实密度频数分布																“蒙×中”杂雌与中雌果实产量频数分布

		43.70		1.700				138.0		1.700				29.0		1.700																														果柄长		＜2		2-2.5		2.5-3		3-3.5		3.5-4		4-4.5		＞4.5				百果重		＜15		15-20		20-25		25-30		30-35		35-40		＞40				果实产量		＜1		1/2		2/3		3/4		4/5		＞5				1年枝刺		＜0.5		0.5-1		1-1.5		1.5-2		2-2.5		2.5-3		＞3				果柄长		＜2		2-2.5		2.5-3		3-3.5		3.5-4		4-4.5		＞4.5				果实密度		＜20		20-40		40-60		60-80		80-100		＞100				果实产量		＜1		1/2		2/3		3/4		4/5		＞5

		25.80		0.360				28.0		0.360				50.0		0.360																														频数（%）				22		32		32		10		4						频数（%）				12		35		22		5		6		2				频数（%）		76		12		4		2		2		4				频数（%）		12		22		28		22		8		6		2				频数（%）				22		32		32		10		4						频数（%）		34		32		16		8		8		2				频数（%）		76		12		4		2		2		4

		35.80		5.200				180.0		5.200				80.0		5.200																														株数		0		11		16		16		5		2						株数		0		6		19		11		10		3		1				株数		38		6		2		1		1		2				株数		6		11		14		11		4		3		1				株数		0		11		16		16		5		2						株数		17		16		8		4		4		1				株数		38		6		2		1		1		2

		28.80		5.900				229.0		5.900				90.0		5.900																																																																																																				频数（%）		46		40		10		4										频数（%）				10		24		18		22		26				频数（%）		52		24		8		8		4		4

		22.10		0.050				10.0		0.050				10.0		0.050																																																																																																				株数		23		20		5		2										株数		0		5		12		9		11		13				株数		26		12		4		4		2		2

		20.70		0.100				25.0		0.100				20.0		0.100

		27.00		0.050				10.0		0.050				10.0		0.050																																																																																																				“蒙×中”杂雌与中雌果柄长度频数分布																		“蒙×中”杂雌与中雌果实密度频数分布																“蒙×中”杂雌与中雌果实产量频数分布

		18.70		0.070				22.0		0.070				17.0		0.070																																																																																																				果柄长度		＜2		2-2.5		2.5-3		3-3.5		3.5-4		4-4.5		＞4.5				果实密度		＜20		20-40		40-60		60-80		80-100		＞100				果实产量		＜1		1/2		2/3		3/4		4/5		＞5

		23.60		0.034				72.0		0.034				20.0		0.034																																																																																																				“蒙×中”杂雌				22		32		32		10		4						“蒙×中”杂雌		34		32		16		8		8		2				“蒙×中”杂雌		76		12		4		2		2		4

		28.70		0.044				10.0		0.044				10.0		0.044																																																																																																				中国雌株		46		40		10		4										中国雌株				10		24		18		22		26				中国雌株		52		24		8		8		4		4

		30.20		0.050				10.0		0.050				10.0		0.050

		20.00		2.100				127.0		2.100				83.0		2.100

		30.00		5.000				241.0		5.000				68.0		5.000

		31.20		0.160				20.0		0.160				25.0		0.160

		24.90		1.910				110.0		1.910				70.0		1.910

		23.20		0.060				16.0		0.060				16.0		0.060

		24.30		0.070				30.0		0.070				10.0		0.070

		34.50		0.230				42.0		0.230				16.0		0.230

		27.00		0.970				73.0		0.970				40.0		0.970

		31.40		0.900				80.0		0.900				35.0		0.900																														“蒙×中”杂雌果穗数频数分布																		“蒙×中”杂雌果实密度频数分布																		“蒙×中”杂雌树冠体积频数分布																		“蒙×中”杂雌与中雌果柄长度频数分布

		33.30		0.150				30.0		0.150				15.0		0.150																														果穗数		＜50		50-100		100-150		150-200		200-250		250-300		＞300				果实密度		＜20		20-40		40-60		60-80		80-100		＞100						果实产量		＜1		1/2		2/3		3/4		4/5		5/6		＞6				果形系数		＜0.9		0.9-1.0		1-1.1		1.1-1.2		＞1.2

		22.70		1.100				137.0		1.100				35.0		1.100																														频数（%）		56		24		14		2		4								频数（%）		34		32		16		8		8		2						频数（%）		2		14		18		16		20		16		14				频数（%）				34		44		20		2

		17.90		0.140				40.0		0.140				20.0		0.140																														株数		28		12		7		1		2								株数		17		16		8		4		4		1						株数		1		7		9		8		10		8		7				株数		0		17		22		10		1

		20.20		0.030				77.0		0.030				32.0		0.030																																																																																				频数（%）		10		68		22

		25.40		0.830				78.0		0.830				42.0		0.830																																																																																				株数		5		34		11		0		0

		21.10		0.050				10.0		0.050				10.0		0.050

		32.40		0.174				30.0		0.174				18.0		0.174

		18.90		0.104				31.0		0.104				18.0		0.104																																																																																																				“蒙×中”杂雌与中雌果穗数频数分布																		“蒙×中”杂雌与中雌百果重频数分布

		19.60		0.010				10.0		0.010				10.0		0.010																																																																																																				果穗数		＜50		50-100		100-150		150-200		200-250		＞250						百果重		＜15		15-20		20-25		25-30		30-35		35-40		＞40

		22.40		0.400				36.0		0.400				50.0		0.400																																																																																																				频数（%）		56		24		14		2		4								频数（%）				12		35		22		5		6		2

		26.90		0.430				53.0		0.430				30.0		0.430																																																																																																				株数		28		12		7		1		2								株数		0		6		19		11		10		3		1

		33.30		0.270				19.0		0.270				42.0		0.270																																																																																																				频数（%）		22		36		16		18		4		2						频数（%）		64		32		4

		18.80		0.010				10.0		0.010				10.0		0.010																																																																																																				株数		11		18		8		9		2		1						株数		32		16		2

		24.20		1.040				51.0		1.040				84.0		1.040																																																																																																				“蒙×中”杂雌与中雌果穗数频数分布																		“蒙×中”杂雌与中雌百果重频数分布

		20.00		0.130				15.0		0.130				42.0		0.130																																																																																																				果穗数		＜50		50-100		100-150		150-200		200-250		250-300						百果重		＜15		15-20		20-25		25-30		30-35		35-40		＞40

		15.60		0.050				10.0		0.050				10.0		0.050																																																																																																				“蒙×中”杂雌		56		24		14		2		4								“蒙×中”杂雌				12		35		22		5		6		2

		23.90		0.120				13.0		0.120				40.0		0.120																																																																																																				中国雌株		22		36		16		18		4		2						中国雌株		64		32		4

		22.10		0.940				85.0		0.940				50.0		0.940

		26.84		1.200				77.0		1.200				56.0		1.200

		29.00		0.014				10.0		0.014				10.0		0.014

		31.22		0.140				15.0		0.140				30.0		0.140

		29.80		1.800				120.0		1.800				50.0		1.800

		25.00		3.120				150.0		3.120				83.0		3.120

		35.70		0.870				70.0		0.870				35.0		0.870

		21.30		0.490				57.0		0.490				40.0		0.490

		37.53		0.060				10.0		0.060				10.0		0.060

		23.30		0.370				40.0		0.370				40.0		0.370

		30.40		0.600				27.0		0.600				75.0		0.600

		24.80		0.500				50.0		0.500				40.0		0.500

		27.20		2.500				110.0		2.500				84.0		2.500
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图  “蒙×中”杂雌果柄长度频数分布
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图  “蒙×中”杂雌百果重频数分布
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		0

		0

		0

		0

		0

		0

		0



频数（%）

果实产量（kg/株）

频数（%）

图 “蒙×中”杂雌果实产量频数分布



		0

		0

		0

		0

		0

		0

		0



频数（%）

树冠体积（m3）

频数（%）

图 “蒙×中”杂雌树冠体积频数分布



		0

		0

		0

		0

		0

		0

		0



频数（%）

1年枝刺（个/10cm）

频数（%）

“蒙×中”杂雌1年枝刺频数分布



		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



“蒙×中”杂雌

中国雌株

果柄长

频数（%）

图6“蒙×中”杂雌与中雌果柄长频数分布
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图2“蒙×中”杂雌与中雌果实密度频数分布
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图3“蒙×中”杂雌与中雌百果重频数分布
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图4“蒙×中”杂雌与中雌果实产量频数分布
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图7“蒙×中”杂雌果实产量与百果重关系
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图8“蒙×中”杂雌果实产量与果穗数关系
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图5 “蒙×中”杂雌与中雌果实形状频数分布



		中国沙棘雌株性状表（60株）																																										中国沙棘雌株性状表（50株）

		序号		编号		树高		均冠		地径		当年枝		1年枝		果纵径		果横径		果形系数		编号		果柄长		果穗数		果实密度		百果重		果产量		1年刺		成熟期								序号		编号		树高		均冠		地径		当年枝		1年枝		果纵径		果横径		序号		果形系数		果柄长		果穗数		果实密度		百果重		果产量		1年刺		成熟期

		1		中雌1		113		187		3.3		1535		198		7		7		1		中雌1		1.8		127		45		18.52		1.06		2.98		921								1		中雌1		113		187		3.3		1535		198		7		7		1		1		1.8		127		45		18.52		1.06		2.98		921

		2		中雌2		105		124		4.4		1374		134		5.34		5.23		1.02		中雌2		2.1		58		37		10.95		0.23		2.04		1025								2		中雌4		99		101		1.5		215		21		4.96		5.63		2		0.88		1.5		43		48		11.33		0.23		4.02		108

		3		中雌3		162		141		2.8		1989		86		6.63		6.15		1.06		中雌3		1.7		16		30		17.00		0.08		2.73		918								3		中雌5		99		111		3.9		2095		147		4.86		5.42		3		0.9		1.4		39		67		10.32		0.27		2.25		102

		4		中雌4		99		101		1.5		215		21		4.96		5.63		0.88		中雌4		1.5		43		48		11.33		0.23		4.02		108								4		中雌6		144		180		3.6		2046		133		5.92		6.93		4		0.85		3.1		48		64		20.1		0.61		3.48		918

		5		中雌5		99		111		3.9		2095		147		4.86		5.42		0.9		中雌5		1.4		39		67		10.32		0.27		2.25		102								5		中雌7		139		193		4.2		2557		161		6.56		6.69		5		0.98		1.9		170		122		16.83		3.48		3.73		925

		6		中雌6		144		180		3.6		2046		133		5.92		6.93		0.85		中雌6		3.1		48		64		20.1		0.61		3.48		918								6		中雌8		128		163		3.4		1647		148		6.06		6.27		6		0.97		1.6		70		55		14.24		0.55		3.23		102

		7		中雌7		139		193		4.2		2557		161		6.56		6.69		0.98		中雌7		1.9		170		122		16.83		3.48		3.73		925								7		中雌9		147		173		4.4		3507		228		5.53		5.41		7		1.02		2		220		84		10.88		2.02		2.69		1030

		8		中雌8		128		163		3.4		1647		148		6.06		6.27		0.97		中雌8		1.6		70		55		14.24		0.55		3.23		102								8		中雌10		120		135		2		859		101		5.70		5.98		8		0.95		1.7		93		140		13.76		1.8		3.86		924

		9		中雌9		147		173		4.4		3507		228		5.53		5.41		1.02		中雌9		2		220		84		10.88		2.02		2.69		1030								9		中雌11		147		195		5		2703		202		5.86		6.16		9		0.92		1.9		171		146		13.26		3.32		2.14		925

		10		中雌10		120		135		2		859		101		5.70		5.98		0.95		中雌10		1.7		93		140		13.76		1.8		3.86		924								10		中雌12		128		115		2.3		828		86		5.81		6.17		10		0.94		2		68		155		12.29		1.3		4.01		930

		11		中雌11		147		195		5		2703		202		5.86		6.16		0.92		中雌11		1.9		171		146		13.26		3.32		2.14		925								11		中雌13		184		133		3		1082		84		5.59		6.63		11		0.84		2.4		80		160		14.27		1.83		3.45		928

		12		中雌12		128		115		2.3		828		86		5.81		6.17		0.94		中雌12		2		68		155		12.29		1.3		4.01		930								12		中雌14		149		129		4.1		1613		129		5.63		6.49		12		0.87		2.3		109		167		14.55		2.44		3.82		930

		13		中雌13		184		133		3		1082		84		5.59		6.63		0.84		中雌13		2.4		80		160		14.27		1.83		3.45		928								13		中雌15		202		206		4.7		3010		215		5.41		6.71		13		0.81		2		135		170		14.63		3.39		4.14		928

		14		中雌14		149		129		4.1		1613		129		5.63		6.49		0.87		中雌14		2.3		109		167		14.55		2.44		3.82		930								14		中雌16		215		232		5.2		3891		283		6.51		6.72		14		0.97		1.6		153		70		19.79		2.13		3.56		102

		15		中雌15		202		206		4.7		3010		215		5.41		6.71		0.81		中雌15		2		135		170		14.63		3.39		4.14		928								15		中雌18		136		176		3.2		1756		120		7.09		6.93		15		1.02		3.1		43		36		19.69		0.30		2.61		1015

		16		中雌16		215		232		5.2		3891		283		6.51		6.72		0.97		中雌16		1.6		153		70		19.79		2.13		3.56		102								16		中雌19		158		166		4.3		3505		214		5.98		6.35		16		0.94		2.3		25		30		14.31		0.11		4.49		1025

		17		中雌17		194		189		3.6		2848		170		5.74		5.4		1.06		中雌17		2.2		44		26		10.41		0.12		2.93		108								17		中雌20		186		235		3.6		3522		197		5.42		5.64		17		0.96		2		55		43		16.45		0.39		3.34		108

		18		中雌18		136		176		3.2		1756		120		7.09		6.93		1.02		中雌18		3.1		43		36		19.69		0.30		2.61		1015								18		中雌21		107		123		1.7		1112		57		5.48		6.06		18		0.96		2		42		47		13.93		0.27		4.22		1020

		19		中雌19		158		166		4.3		3505		214		5.98		6.35		0.94		中雌19		2.3		25		30		14.31		0.11		4.49		1025								19		中雌22		184		167		3.8		1666		119		5.52		6.09		19		0.91		2.4		101		83		12.33		1.03		3.53		108

		20		中雌20		186		235		3.6		3522		197		5.42		5.64		0.96		中雌20		2		55		43		16.45		0.39		3.34		108								20		中雌23		174		201		5		4518		278		6.55		6.3		20		1.04		2.8		200		105		17.12		3.6		3.95		924

		21		中雌21		107		123		1.7		1112		57		5.48		6.06		0.96		中雌21		2		42		47		13.93		0.27		4.22		1020								21		中雌24		149		189		3.8		2860		189		5.95		6.1		21		0.98		2.5		80		78		14.98		0.94		3.62		1015

		22		中雌22		184		167		3.8		1666		119		5.52		6.09		0.91		中雌22		2.4		101		83		12.33		1.03		3.53		108								22		中雌25		195		224		6.4		3118		233		6.16		6.16		22		1		2.9		70		42		16.16		0.48		4.23		108

		23		中雌23		174		201		5		4518		278		6.55		6.3		1.04		中雌23		2.8		200		105		17.12		3.6		3.95		924								23		中雌29		164		147		3.6		3850		220		5.05		5.27		23		0.95		1.9		175		118		8.72		1.8		3.40		923

		24		中雌24		149		189		3.8		2860		189		5.95		6.1		0.98		中雌24		2.5		80		78		14.98		0.94		3.62		1015								24		中雌30		170		161		3.5		3876		228		5.26		5.54		24		0.95		1.5		101		26		10.85		0.28		3.56		1014

		25		中雌25		195		224		6.4		3118		233		6.16		6.16		1		中雌25		2.9		70		42		16.16		0.48		4.23		108								25		中雌32		144		146		2.9		623		53		6.51		6.3		25		1.03		2.4		44		46		15.68		0.32		3.89		108

		26		中雌26		163		154		3.7		872		81		4.89		5.50		0.89		中雌26		1.0		52		31		9.51		0.15		2.82		905								26		中雌33		124		193		2.2		1998		131		6.24		6.16		26		1.01		2.2		45		21		16.67		0.16		3.88		108

		27		中雌27		187		149		3.9		1180		80		6.37		6.26		1.01		中雌27		1.9		0		0		14.05		0.04		3.09		108								27		中雌34		187		187		4.7		3296		150		5.46		5.69		27		0.96		1.7		179		98		10.79		1.88		3.40		102

		28		中雌28		159		122		2.8		716		53		6.90		7.31		0.94		中雌28		1.7		17		30		22.27		0.11		2.45		921								28		中雌35		170		158		3		1413		79		6.15		6.47		28		0.95		1.8		66		28		16.28		0.3		4.78		930

		29		中雌29		164		147		3.6		3850		220		5.05		5.27		0.95		中雌29		1.9		175		118		8.72		1.8		3.40		923								29		中雌37		250		230		5.5		5462		331		7.06		7.01		29		1.01		2.3		342		93		18.15		5.8		3.21		103

		30		中雌30		170		161		3.5		3876		228		5.26		5.54		0.95		中雌30		1.5		101		26		10.85		0.28		3.56		1014								30		中雌40		196		166		3.3		1953		123		6.11		6.19		30		0.98		1.8		99		98		13.74		1.35		3.36		922

		31		中雌31		170		133		3.2		1081		65		5.98		6.28		0.95		中雌31		2.2		21		26		14.97		0.08		3.58		108								31		中雌41		148		198		4.3		3002		152		5.91		5.97		31		0.99		2.0		112		77		15.50		1.34		2.06		828

		32		中雌32		144		146		2.9		623		53		6.51		6.3		1.03		中雌32		2.4		44		46		15.68		0.32		3.89		108								32		中雌42		149		156		4		3296		169		5.4		5.02		32		1.07		2.1		157		86		9.62		1.3		1.27		1020

		33		中雌33		124		193		2.2		1998		131		6.24		6.16		1.01		中雌33		2.2		45		21		16.67		0.16		3.88		108								33		中雌43		174		168		5		1972		161		5.13		5.49		33		0.93		1.9		123		97		10.3		1.23		4.90		1030

		34		中雌34		187		187		4.7		3296		150		5.46		5.69		0.96		中雌34		1.7		179		98		10.79		1.88		3.40		102								34		中雌44		220		215		5.8		4789		224		7.21		7.05		34		1.02		2.1		202		93		22.52		4.23		3.58		924

		35		中雌35		170		158		3		1413		79		6.15		6.47		0.95		中雌35		1.8		66		28		16.28		0.3		4.78		930								35		中雌45		165		145		4.1		1838		84		5.08		5.41		35		0.94		2.1		54		60		9.99		0.32		2.88		1015

		36		中雌36		213		198		5.9		2279		217		4.78		4.45		1.08		中雌36		1.7		0		0		8.2		0.06		3.17		1030								36		中雌46		182		155		2.8		1764		98		5.69		5.85		36		0.97		2.5		75		80		11.44		0.69		2.94		925

		37		中雌37		250		230		5.5		5462		331		7.06		7.01		1.01		中雌37		2.3		342		93		18.15		5.8		3.21		103								37		中雌47		170		158		3		2481		105		5.74		5.58		37		1.03		2.1		84		75		11.18		0.7		3.00		102

		38		中雌38		150		159		3.4		2831		222		4.82		5.28		0.91		中雌38		1.2		0		0		8.24		0.05		3.01		1020								38		中雌48		173		186		3.4		1634		353		5.24		5.49		38		0.95		2.2		190		49		10.19		0.93		3.33		1015

		39		中雌39		189		156		5.6		2094		134		5.3		5.18		1.02		中雌39		2.1		0		0		10.19		0.2		4.23		1025								39		中雌49		115		103		1.7		692		45		5.81		6.34		39		0.92		1.6		30		116		12.62		0.44		3.77		930

		40		中雌40		196		166		3.3		1953		123		6.11		6.19		0.98		中雌40		1.8		99		98		13.74		1.35		3.36		922								40		中雌50		192		183		4.3		2145		156		5.30		5.51		40		0.96		1.8		80		67		11.01		0.60		3.38		823

		41		中雌41		148		198		4.3		3002		152		5.91		5.97		0.99		中雌41		2.0		112		77		15.50		1.34		2.06		828								41		中雌51		173		178		7.9		5250		253		5.7		6.35		41		0.9		1.7		253		205		14.9		7.81		3.43		925

		42		中雌42		149		156		4		3296		169		5.4		5.02		1.07		中雌42		2.1		157		86		9.62		1.3		1.27		1020								42		中雌52		160		176		4.8		2751		135		5.43		5.49		42		0.99		1.6		95		56		9.9		0.53		3.78		916

		43		中雌43		174		168		5		1972		161		5.13		5.49		0.93		中雌43		1.9		123		97		10.3		1.23		4.90		1030								43		中雌53		198		168		4.8		3923		229		5.03		5.18		43		0.97		1.8		80		46		8.54		0.31		3.92		108

		44		中雌44		220		215		5.8		4789		224		7.21		7.05		1.02		中雌44		2.1		202		93		22.52		4.23		3.58		924								44		中雌54		130		207		5.3		1943		99		6.19		6.78		44		0.91		1.7		47		73		18.05		0.62		3.08		925

		45		中雌45		165		145		4.1		1838		84		5.08		5.41		0.94		中雌45		2.1		54		60		9.99		0.32		2.88		1015								45		中雌55		148		156		3		686		56		6.18		6.19		45		1		1.8		45		93		14.76		0.62		3.63		913

		46		中雌46		182		155		2.8		1764		98		5.69		5.85		0.97		中雌46		2.5		75		80		11.44		0.69		2.94		925								46		中雌56		215		237		6.1		5635		249		5.73		5.92		46		0.97		2.9		182		92		12.3		2.06		3.76		914

		47		中雌47		170		158		3		2481		105		5.74		5.58		1.03		中雌47		2.1		84		75		11.18		0.7		3.00		102								47		中雌57		171		180		2.6		1465		101		6.44		6.27		47		1.03		2.1		60		132		16.36		1.3		3.93		918

		48		中雌48		173		186		3.4		1634		353		5.24		5.49		0.95		中雌48		2.2		190		49		10.19		0.93		3.33		1015								48		中雌58		206		196		7.1		4153		270		6.54		6.52		48		1		1.9		174		137		18.26		4.36		4.06		913

		49		中雌49		115		103		1.7		692		45		5.81		6.34		0.92		中雌49		1.6		30		116		12.62		0.44		3.77		930								49		中雌59		144		163		2.8		1292		84		6.27		6.04		49		1.04		1.9		61		86		16.16		0.84		3.64		916

		50		中雌50		192		183		4.3		2145		156		5.30		5.51		0.96		中雌50		1.8		80		67		11.01		0.60		3.38		823								50		中雌60		123		162		4.9		1838		105		5.53		6.03		50		0.92		2		66		51		11.04		0.37		3.48		108

		51		中雌51		173		178		7.9		5250		253		5.7		6.35		0.9		中雌51		1.7		256		205		14.9		7.81		3.43		925								平均				161.28		172.24		3.98		2493.30		159.72		5.86		6.10		平均		0.96		2.05		107.26		85.12		14.11		1.48		3.49

		52		中雌52		160		176		4.8		2751		135		5.43		5.49		0.99		中雌52		1.6		95		56		9.9		0.53		3.78		916								序号		编号		树高		均冠		地径		当年枝		1年枝		果纵径		果横径		序号		果形系数		果柄长		果穗数		果实密度		百果重		果产量		1年刺		成熟期

		53		中雌53		198		168		4.8		3923		229		5.03		5.18		0.97		中雌53		1.8		80		46		8.54		0.31		3.92		108

		54		中雌54		130		207		5.3		1943		99		6.19		6.78		0.91		中雌54		1.7		47		73		18.05		0.62		3.08		925

		55		中雌55		148		156		3		686		56		6.18		6.19		1		中雌55		1.8		45		93		14.76		0.62		3.63		913

		56		中雌56		215		237		6.1		5635		249		5.73		5.92		0.97		中雌56		2.9		182		92		12.3		2.06		3.76		914

		57		中雌57		171		180		2.6		1465		101		6.44		6.27		1.03		中雌57		2.1		60		132		16.36		1.3		3.93		918

		58		中雌58		206		196		7.1		4153		270		6.54		6.52		1		中雌58		1.9		174		137		18.26		4.36		4.06		913

		59		中雌59		144		163		2.8		1292		84		6.27		6.04		1.04		中雌59		1.9		61		86		16.16		0.84		3.64		916

		60		中雌60		123		162		4.9		1838		105		5.53		6.03		0.92		中雌60		2		66		51		11.04		0.37		3.48		108
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1.4812071839

3.3604659846

0.4963928784

0.7965588657

3.4433866721

3.4089669467

0.6565815737

0.9048340761

1.8396920639

0.8925628914

0

1.0216591745

0.7832795917

0.3364782837

0.8974429779

1.4060742407

1.0485900497

0.963876861

0.8917424648

1.1487346246

1.1001261478

0.633272117

0.6772085464



Öl

		

		Probennummer		Enzym		Einwaage/g		Brechungsindex		Öl in mg		Gehalt Öl in %

		47		23		2.7005		1.3955		0.04		1.48

		48		3 und 13		2.6782		1.3965		0.09		3.36

		50		37		3.0218		1.395		0.015		0.50

		51		37		1.8831		1.395		0.015		0.80

		55		4/25/26		4.937		1.3981		0.17		3.44

		56		4 und 26		3.6668		1.3972		0.125		3.41

		61		2 und 26		3.8076		1.3952		0.025		0.66

		63		4 und 25 /28		4.4207		1.3955		0.04		0.90

		64		4 und 25/28		3.5332		1.396		0.065		1.84

		65		28 und 36		7.2824		1.396		0.065		0.89

		66		10 und 27/33		9.519		1.3947		0		0.00

		67		27/33		6.3622		1.396		0.065		1.02

		68		27/36		7.6601		1.3959		0.06		0.78

		69		27/35		7.4299		1.3952		0.025		0.34

		70		28/34		7.2428		1.396		0.065		0.90

		71		26/36		5.334		1.3962		0.075		1.41

		72		29/36		6.1988		1.396		0.065		1.05

		73		27/34		6.7436		1.396		0.065		0.96

		74		30/35		6.1677		1.3958		0.055		0.89

		75		31/36		5.6584		1.396		0.065		1.15

		76		28/37		6.8174		1.3962		0.075		1.10

		77		5 und 27		6.3164		1.3955		0.04		0.63

		78		3 und 27		5.9066		1.3955		0.04		0.68

		79		1 und 28		6.4672		1.398		0.05		0.77

										1.397		0.115

		Probennummer		Enzym		Einwaage/g		Brechungsindex		Öl in mg		Gehalt Öl in %

		80		1 und 28		4.7249		1.3993		0.115		2.43

		81		1 und 28/36		6.5171		1.3982		0.06		0.92

		82		3 und 28		4.3862		1.398		0.05		1.14

		83		1 und 12/28		4.3021		1.3989		0.095		2.21

		84		2 und 26		4.0553		1.3985		0.075		1.85

		85		5 und 26		4.3405		1.3972		0.01		0.23

		86		6 und 26		5.9613		1.3978		0.04		0.67

		87		1 und 24/28		4.9916		1.3975		0.025		0.50

		87.1		28		5.6335		1.3975		0.025		0.44

		87.2		28		4.2331		1.4		0.15		3.54

		88		2 und 22/28		4.9345		1.3975		0.025		0.51

		89		3 und 21/28		4.6088		1.3981		0.055		1.19

		90		9 und 20/28		5.8618		1.3972		0.01		0.17

		91		10 und 18/28		5.5065		1.3985		0.075		1.36

		92		17/28/35		5.0554		1.399		0.1		1.98

		93		16/28/36		5.5062		1.3982		0.06		1.09

		93.1		28		5.1835		1.3979		0.045		0.87

		94		1 und 28		3.3743		1.398		0.05		1.48

		96		28		3.6217		1.397		-0		-0.00

		97		1 und 28		4.7457		1.3981		0.055		1.16

		98		1 und 28		4.0029		1.3995		0.125		3.12

		99		1 und 28		4.6453		1.3971		0.005		0.11

		100		1 und 28		2.674		1.397		-0		-0.00
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Sheet1

		杂雌				中雌						“蒙×中”杂雌与中雌2003百果重频数分布

		03百果重		04百果重		03百果重		04百果重				百果重		＜15		15-20		20-25		25-30		30-35		35-40		＞40

												“蒙×中”杂雌				8		17		11		10		3		1

		15.60		9.53		8.54		4.94				%				16		34		22		20		6		2

		17.90		11.72		8.72		5.42				中国雌株		32		16		2

		18.70		12.12		9.62		5.48				%		64		32		4

		18.80		12.42		9.9		5.65				“蒙×中”杂雌与中雌2003百果重频数分布

		18.90		12.94		9.99		5.67				百果重		＜15		15-20		20-25		25-30		30-35		35-40		＞40

		19.60		12.95		10.19		5.85				“蒙×中”杂雌				16		34		22		20		6		2

		20.00		13.30		10.3		5.91				中国雌株		64		32		4

		20.00		13.31		10.32		6.08

		20.20		13.64		10.79		6.2

		20.70		13.86		10.85		6.52				“蒙×中”杂雌与中雌2004百果重频数分布

		21.00		13.95		10.88		6.54				百果重		＜15		15-20		20-25		25-30		30-35		35-40		＞40

		21.10		15.65		11.01		7.01				“蒙×中”杂雌		11		17		12		5		3		1		1

		21.30		16.35		11.04		7.03				中国雌株		48		2

		22.10		16.44		11.18		7.22

		22.10		16.59		11.33		8.13				百果重		＜15		15-20		20-25		25-30		30-35		35-40		＞40

		22.40		16.82		11.44		8.13				“蒙×中”杂雌		22		34		24		10		6		2		2

		22.70		16.98		12.29		8.29				中国雌株		96		4

		23.20		17.40		12.3		8.33

		23.30		17.70		12.33		9.05

		23.60		18.86		12.62		9.1

		23.90		18.99		13.26		9.14

		24.20		18.99		13.74		9.23

		24.30		19.25		13.76		9.26

		24.80		19.26		13.93		9.3

		24.90		19.26		14.24		9.39

		25.40		19.58		14.27		9.55

		25.80		19.79		14.31		9.6

		26.84		19.84		14.55		9.77

		26.90		20.08		14.63		9.84

		27.00		20.65		14.76		9.95

		27.00		20.70		14.9		10.03

		27.20		20.80		14.98		10.26

		28.70		21.49		15.50		10.67

		28.80		21.61		15.68		10.71

		29.00		21.93		16.16		10.77

		29.80		21.98		16.16		10.77

		30.20		23.96		16.28		10.82

		30.40		24.29		16.36		10.88

		30.60		24.39		16.45		10.96

		31.20		24.97		16.67		11.15

		31.22		25.18		16.83		11.66

		31.40		25.37		17.12		11.77

		32.40		26.28		18.05		12.07

		33.30		28.53		18.15		12.09

		33.30		28.78		18.26		12.52

		34.50		30.66		18.52		12.86

		35.70		32.56		19.69		13.31

		35.80		32.90		19.79		13.88

		37.53		42.71		20.1		16.38

		43.70		44.79		22.52		16.53
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		“蒙×中”杂雌优株2003表型调查资料

		样株号		树高		1/2树高		冠幅1		冠幅2		均冠幅		1/2均冠		冠体		地径		柄长		纵径		横径		系数		百果重		果密度		果穗		单株产量		成熟期		1年刺		1级枝		2级枝		3级枝		4级枝		5级枝		6级枝		99树高		00树高		01树高		02树高		03树高

		优1		170		85		172		200		186		93.0		3.078		5.7		3.0		7.7		7.93		0.98		41.2		80		210		7.40		825		1.31		1		2		12		65		238		4141		40		80		100		138		170

		优10		238		119		161		217		189		94.5		4.449		6.1		2.7		8.34		8.17		1.02		35.8		80		180		5.20		816		0.34		1		1		8		55		253		3618		130		147		176		213		238

		优12		220		110		174		291		233		116.3		6.224		4.4		3.2		8.48		8.01		1.06		30.6		68		241		5.00		820		0.90		1		2		6		59		278		4643		18		67		138		175		220

		平均		209		105		169		236		203		101		4.584		5.4		3.0		8.17		8.04		1.02		35.9		76		210		5.87		820		0.85

		“蒙×中”杂雌优株2004表型调查资料

		年度		树高		1/2树高						均冠		1/2均冠		冠体		地径		果柄长		果纵径		果横径		果形系数		百果重		果实密度		果穗数		果产量		成熟期		1年刺

		杂雌优1		186		93						211		106		4.3		6.8		3.0		7.2		7.3		0.99		21.9		15		131		0.430		815		1.30

		优10		282		141						231		116		7.9		6.6		2.9		7.90		7.0		1.13		21.49		10		10		0.021		824		0.30

		优12		252		126						249		125		8.2		7.9		3.1		7.90		6.80		1.16		21.61		62		367		4.917		828		0.90

		平均		240		120						230		115		6.8		7.1		3.0		7.67		7.03		1.09		21.68		29		169		1.790		822		0.833

		蒙中杂雌优株03新梢数量

		品种		99年枝条数		00年枝条数		01年枝条数		02年枝条数		03年枝条数

		初选优株		2		9		60		256		4134

		杂雄群体		2		10		43		175		3002

		中国沙棘		2		9		37		155		2966

		蒙中杂雌优株连年树高

		品种		1999年		2000年		2001年		2002年		2003年

		初选优株		78		113		139		168		218

		杂雄群体		42		93		133		173		212

		中国沙棘		32		67		91		134		161

		蒙中杂雌优株百果重年际变化								蒙中杂雌优株果穗数年际变化								蒙中杂雌优株果实密度年际变化								蒙中杂雌优株果实产量年际变化

		样株号		优1		优10		优12		样株号		优1		优10		优12		样株号		优1		优10		优12		样株号		优1		优10		优12

		2004年		21.9		21.5		21.6		2004年		131		10		367		2004年		15		10		62		2004年		0.4		0.02		5.9

		2003年		41.2		35.8		30.6		2003年		210		180		241		2003年		80		80		68		2003年		7.4		5.2		5
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图24 “蒙×中”杂雌优株果实大小年际变化
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果穗数（条）

图25“蒙×中”杂雌优株果穗数年际变化
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果实密度（个）

图26“蒙×中”杂雌果实密度年际变化
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2004年

2003年

果实产量（kg）

图27“蒙×中”杂雌果实产量年际变化



		03蒙中杂雌优株

		品种		杂雌优株		杂雌群体		乌兰沙林		中国沙棘		品种		杂雌优株		杂雌群体		乌兰沙林		中国沙棘		品种		杂雌优株		杂雌群体		乌兰沙林		中国沙棘		品种		杂雌优株		杂雌群体		乌兰沙林		中国沙棘		品种		杂雌优株		杂雌群体		乌兰沙林		中国沙棘

		2003树冠体积		4.8		3.6		0.8		2.4		2003百果重		35.6		26		26		13.9		果柄长(mm)		3		3		4.7		2		2003果实产量		5.4		0.8		0.1		1.5		1年枝刺(个/10cm)		1.1		1.4		0		3.5

		2004树冠体积		6.8		5.1		1.7		3.2		2004百果重		21.7		20.6		28		9.4												2004果实产量		1.8		1.0		2.4		0.7
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2003树冠体积

树冠体积（m3）

图20“蒙×中”杂雌与群体、亲本树冠体积
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2003百果重

百果重量（g）

图21“蒙×中”杂雌与群体、亲本百果重量
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2003果实产量

果实产量（kg/株）

图22“蒙×中”杂雌与群体、亲本果实产量
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1年枝刺(个/10cm)

棘刺密度（个/10cm）

图23 “蒙×中”杂雌与群体、亲本果穗棘刺
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Sheet1

		

		新号		果穗数		果实密度		百果重		果产量		成熟期		1年刺

		新杂雌1		48		14		20.80		0.140		824		1.3

		新杂雌2		325		66		12.95		2.778		925		2.4

		新杂雌3		431		64		13.95		3.848		913		0.8

		新杂雌4		137		56		19.58		1.502		908		2.3

		新杂雌5		85		48		19.79		0.807		918		2.2

		新杂雌6		303		53		19.25		3.091		905		2.2

		新杂雌7		30		11		30.66		0.101		815		1.1

		新杂雌8		95		30		28.53		0.813		806		0.8

		新杂雌9		85		24		44.79		0.914		823		1.1

		新杂雌10		86		21		24.97		0.451		824		1.9

		新杂雌11		112		42		42.71		2.009		820		0.7

		新杂雌12		265		47		19.84		2.471		828		1.6

		新杂雌13		180		46		32.90		2.724		806		2.5

		新杂雌14		151		24		18.99		0.688		906		1.9

		新杂雌15		175		52		19.26		1.753		813		1.3

		新杂雌16		29		31		20.70		0.186		828		1.4

		新杂雌17		10		10		21.49		0.021		824		0.3

		新杂雌20		32		11		19.26		0.068		903		1.0

		新杂雌24		92		17		32.56		0.509		816		0.9

		新杂雌26		240		46		21.93		2.421		907		2.0

		新杂雌27		367		62		21.61		4.917		828		0.9

		新杂雌28		35		43		24.39		0.367		824		1.0

		新杂雌29		117		26		15.65		0.476		907		1.0

		新杂雌30		58		25		17.70		0.257		903		1.1

		新杂雌31		10		10		25.18		0.025		820		1.5

		新杂雌32		33		25		26.28		0.217		902		2.0

		新杂雌35		68		27		21.98		0.404		908		1.7

		新杂雌36		52		34		16.59		0.293		905		0.9

		新杂雌37		39		15		20.08		0.117		828		1.4

		新杂雌38		29		22		24.29		0.155		809		1.8

		新杂雌39		10		10		18.86		0.019		923		1.6

		新杂雌40		10		10		28.78		0.029		824		0.7

		新杂雌45		41		29		20.65		0.246		904		0.9

		新杂雌46		31		30		13.86		0.129		824		1.7

		新杂雌48		158		73		12.42		1.433		920		1.6

		新杂雌53		102		41		23.96		1.002		808		1.0

		新杂雌58		14		23		25.37		0.082		823		1.1

		新杂雌62		261		83		16.98		3.678		920		2.6

		新杂雌63		206		59		13.31		1.618		925		2.3

		新杂雌64		47		35		16.44		0.270		824		1.7

		新杂雌65		97		32		13.64		0.423		903		0.7

		新杂雌66		41		22		17.40		0.157		812		1.9

		新杂雌67		78		47		18.99		0.696		925		2.2

		新杂雌68		52		41		16.82		0.359		820		4.4

		新杂雌69		146		54		12.12		0.956		922		2.1

		新杂雌70		156		80		12.94		1.615		922		1.7

		新杂雌71		60		34		9.53		0.194		907		2.3

		新杂雌72		53		46		11.72		0.286		908		2.8

		新杂雌73		117		60		13.30		0.934		922		1.1

		新杂雌75		59		20		16.35		0.193		810		1.2

		平  均		109		37		20.64		1		866		2





Sheet2

		“蒙×中”杂交雌株50株结实单株性状表																																																																																																																																																																																																																		“蒙×中”杂雌与中雌1年枝刺频数分布																																		杂雌与中雌果实成熟期

		序号		编号		树高		均冠		冠体		地径		当年枝		1年枝		果色		味道		序号		果纵径		果横径		果形系数		果柄长		果穗数		果实密度		百果重		果产量		1年刺		成熟期				序号		编号		果柄长				序号		编号		果穗数				序号		编号		果实密度				序号		编号		百果重				序号		编号		果产量				序号		编号		冠体				序号		编号		1年刺				序号		编号		果形系数		序号		编号		成熟期				序号		编号		果柄长				序号		编号		果穗数				序号		编号		果实密度				序号		编号		百果重				序号		编号		果产量				序号		编号		1年刺				序号		编号		果柄长				序号		编号		果穗数				序号		编号		果实密度				序号		编号		百果重				序号		编号		果产量				序号		编号		1年刺				1年枝刺		＜0.5		0.5-1		1-1.5		1.5-2		2-2.5		2.5-3		＞3				序号		编号		果形系数				序号		编号		成熟期				成熟期		8.1-8.10		8.11-8.20		8.21-8.31		9.1-9.10		9.11-9.20		9.21-9.30		10.01-10.10		10.11-10.20		10.21-10.31

		1		杂雌3		292		204		6.4		5.7		4560		285		橘黄		酸		1		9.53		9.49		1.00		3.6		138.0		29.0		43.70		1.700		0.25		825				39		杂雌39		2.2				7		杂雌7		10.0				7		杂雌7		10.0				42		杂雌42		15.60				35		杂雌35		0.010				42		杂雌42		0.8				9		杂雌9		0.06				12		杂雌15		0.92		22		杂雌26		802				3		中雌5		1.4				16		中雌19		25				26		中雌33		21				43		中雌53		8.54				16		中雌19		0.11				32		中雌42		1.27				3		中雌5		1.4				16		中雌19		25				26		中雌33		21				43		中雌53		8.54				16		中雌19		0.11				32		中雌42		1.27				频数（%）		12		22		28		22		8		6		2				15		中雌15		0.81				50		中雌50		823				“蒙×中”杂雌		22		56		18		4

		2		杂雌4		296		173		4.6		4.7		1088		68		橘黄		酸甜		2		7.76		7.60		1.02		2.7		28.0		50.0		25.80		0.360		1.50		820				56		杂雌56		2.2				9		杂雌9		10.0				9		杂雌9		10.0				27		杂雌27		17.90				39		杂雌39		0.010				40		杂雌40		1.1				3		杂雌3		0.25				25		杂雌29		0.93		17		杂雌20		805				2		中雌4		1.5				39		中雌49		30				24		中雌30		26				23		中雌29		8.72				26		中雌33		0.16				31		中雌41		2.00				2		中雌4		1.5				39		中雌49		30				24		中雌30		26				23		中雌29		8.72				26		中雌33		0.16				31		中雌41		2.00				株数		6		11		14		11		4		3		1				13		中雌13		0.84				41		中雌41		901				中国雌株						2		2		14		34		28		14		6

		3		杂雌5		278		189		5.2		6.1		3618		253		橘红		酸		3		8.34		8.17		1.02		2.7		180.0		80.0		35.80		5.200		0.34		815				57		杂雌57		2.2				13		杂雌13		10.0				13		杂雌13		10.0				10		杂雌10		18.70				50		杂雌50		0.014				43		杂雌43		1.1				36		杂雌36		0.25				26		杂雌30		0.93		44		杂雌54		805				24		中雌30		1.5				3		中雌5		39				28		中雌35		28				32		中雌42		9.62				2		中雌4		0.23				9		中雌11		2.14				24		中雌30		1.5				3		中雌5		39				28		中雌35		28				32		中雌42		9.62				2		中雌4		0.23				9		中雌11		2.14				频数（%）						2		2		4		12		80				6		中雌6		0.85				55		中雌55		913

		4		杂雌6		311		213		7.4		8.5		4301		253		橘黄		酸		4		7.43		7.18		1.03		3.2		229.0		90.0		28.80		5.900		0.66		820				34		杂雌34		2.3				14		杂雌14		10.0				14		杂雌14		10.0				39		杂雌39		18.80				28		杂雌28		0.030				41		杂雌41		1.3				53		杂雌53		0.29				16		杂雌19		0.94		46		杂雌56		805				6		中雌8		1.6				18		中雌21		42				16		中雌19		30				42		中雌52		9.9				3		中雌5		0.27				3		中雌5		2.25				6		中雌8		1.6				18		中雌21		42				16		中雌19		30				42		中雌52		9.9				3		中雌5		0.27				3		中雌5		2.25				株数						1		1		2		6		40				14		中雌14		0.87				58		中雌58		913

		5		杂雌7		290		212		6.8		5.8		4556		268		橘黄		酸		5		7.79		7.17		1.09		4.0		10.0		10.0		22.10		0.050		1.87		825				8		杂雌8		2.4				30		杂雌30		10.0				20		杂雌20		10.0				34		杂雌34		18.90				11		杂雌11		0.034				21		杂雌21		1.6				5		杂雌5		0.34				29		杂雌35		0.94		43		杂雌53		808				14		中雌16		1.6				2		中雌4		43				15		中雌18		36				35		中雌45		9.99				18		中雌21		0.27				15		中雌18		2.61				14		中雌16		1.6				2		中雌4		43				15		中雌18		36				35		中雌45		9.99				18		中雌21		0.27				15		中雌18		2.61				“蒙×中”杂雌与中雌1年枝刺频数分布																		4		中雌4		0.88				56		中雌56		914

		6		杂雌8		239		240		7.2		4.4		5720		260		橘黄		酸		6		7.62		6.92		1.10		2.4		25.0		20.0		20.70		0.100		0.60		814				15		杂雌15		2.4				35		杂雌35		10.0				30		杂雌30		10.0				35		杂雌35		19.60				13		杂雌13		0.044				49		杂雌49		1.6				44		杂雌44		0.40				46		杂雌56		0.95		3		杂雌5		809				39		中雌49		1.6				15		中雌18		43				22		中雌25		42				38		中雌48		10.19				24		中雌30		0.28				7		中雌9		2.69				39		中雌49		1.6				15		中雌18		43				22		中雌25		42				38		中雌48		10.19				24		中雌30		0.28				7		中雌9		2.69				1年枝刺		＜0.5		0.5-1		1-1.5		1.5-2		2-2.5		2.5-3		＞3				5		中雌5		0.9				52		中雌52		916

		7		杂雌9		272		192		5.2		6.1		3105		207		橘红		酸		7		8.02		8.12		0.99		3.4		10.0		10.0		27.00		0.050		0.06		814				35		杂雌35		2.4				39		杂雌39		10.0				35		杂雌35		10.0				15		杂雌15		20.00				7		杂雌7		0.050				20		杂雌20		1.9				8		杂雌8		0.60				49		杂雌59		0.95		13		杂雌16		809				42		中雌52		1.6				25		中雌32		44				17		中雌20		43				33		中雌43		10.3				15		中雌18		0.30				35		中雌45		2.88				42		中雌52		1.6				25		中雌32		44				17		中雌20		43				33		中雌43		10.3				15		中雌18		0.30				35		中雌45		2.88				“蒙×中”杂雌		12		22		28		22		8		6		2				51		中雌51		0.9				59		中雌59		916

		8		杂雌10		263		187		4.8		4.0		2329		137		橘黄		酸		8		7.56		7.00		1.08		2.7		22.0		17.0		18.70		0.070		0.95		820				19		杂雌19		2.5				42		杂雌42		10.0				39		杂雌39		10.0				41		杂雌41		20.00				9		杂雌9		0.050				35		杂雌35		1.9				6		杂雌6		0.66				11		杂雌14		0.97		20		杂雌24		809				8		中雌10		1.7				26		中雌33		45				1		中雌1		45				3		中雌5		10.32				28		中雌35		0.3				36		中雌46		2.94				8		中雌10		1.7				26		中雌33		45				1		中雌1		45				3		中雌5		10.32				28		中雌35		0.3				36		中雌46		2.94				中国雌株						1		1		2		6		40				22		中雌22		0.91				6		中雌6		918

		9		杂雌11		235		246		7.4		7.5		5910		394		橘红		酸		9		7.30		7.46		0.98		2.6		72.0		20.0		23.60		0.034		1.19		814				29		杂雌29		2.5				50		杂雌50		10.0				42		杂雌42		10.0				28		杂雌28		20.20				14		杂雌14		0.050				50		杂雌50		2				40		杂雌40		0.66				15		杂雌18		0.97		26		杂雌30		809				27		中雌34		1.7				45		中雌55		45				25		中雌32		46				27		中雌34		10.79				43		中雌53		0.31				1		中雌1		2.98				27		中雌34		1.7				45		中雌55		45				25		中雌32		46				27		中雌34		10.79				43		中雌53		0.31				1		中雌1		2.98																						54		中雌54		0.91				57		中雌57		918

		10		杂雌13		210		164		3		4.5		1456		112		橘红		酸		10		8.44		7.81		1.08		3.3		10.0		10.0		28.70		0.044		0.77		814				30		杂雌30		2.5				56		杂雌56		10.0				50		杂雌50		10.0				8		杂雌8		20.70				30		杂雌30		0.050				51		杂雌51		2.3				58		杂雌58		0.70				9		杂雌11		0.98		34		杂雌40		809				41		中雌51		1.7				44		中雌54		47				43		中雌53		46				24		中雌30		10.85				25		中雌32		0.32				37		中雌47		3.00				41		中雌51		1.7				44		中雌54		47				43		中雌53		46				24		中雌30		10.85				25		中雌32		0.32				37		中雌47		3.00																						11		中雌11		0.92				1		中雌1		921

		11		杂雌14		292		191		5.6		4.1		1480		74		橘红		酸		11		7.87		8.13		0.97		2.6		10.0		10.0		30.20		0.050		1.30		815				42		杂雌42		2.5				43		杂雌43		13.0				56		杂雌56		10.0				30		杂雌30		21.10				42		杂雌42		0.050				17		杂雌17		2.4				13		杂雌13		0.77				7		杂雌9		0.99		41		杂雌51		809				44		中雌54		1.7				4		中雌6		48				18		中雌21		47				7		中雌9		10.88				35		中雌45		0.32				44		中雌54		3.08				44		中雌54		1.7				4		中雌6		48				18		中雌21		47				7		中雌9		10.88				35		中雌45		0.32				44		中雌54		3.08																						49		中雌49		0.92				40		中雌40		922

		12		杂雌15		252		183		4.4		5.5		4494		214		橘红		酸甜		12		6.50		7.09		0.92		2.4		127.0		83.0		20.00		2.100		1.48		817				11		杂雌11		2.6				41		杂雌41		15.0				25		杂雌25		15.0				55		杂雌55		21.30				19		杂雌19		0.060				22		杂雌22		2.4				59		杂雌59		0.79				18		杂雌21		0.99		23		杂雌27		813				1		中雌1		1.8				35		中雌45		54				2		中雌4		48				40		中雌50		11.01				50		中雌60		0.37				29		中雌37		3.21				1		中雌1		1.8				35		中雌45		54				2		中雌4		48				40		中雌50		11.01				50		中雌60		0.37				29		中雌37		3.21																						60		中雌60		0.92				29		中雌29		923

		13		杂雌16		220		233		6.3		4.4		4643		278		橘酸		酸		13		8.48		8.01		1.06		3.2		241.0		68.0		30.00		5.000		0.90		820				14		杂雌14		2.6				51		杂雌51		15.0				19		杂雌19		16.0				7		杂雌7		22.10				56		杂雌56		0.060				38		杂雌38		2.4				25		杂雌25		0.84				35		杂雌41		0.99		24		杂雌28		813				28		中雌35		1.8				17		中雌20		55				38		中雌48		49				50		中雌60		11.04				17		中雌20		0.39				6		中雌8		3.23				28		中雌35		1.8				17		中雌20		55				38		中雌48		49				50		中雌60		11.04				17		中雌20		0.39				6		中雌8		3.23																						43		中雌43		0.93				10		中雌10		924

		14		杂雌17		203		151		2.4		3.8		3072		192		橘红		酸甜		14		8.64		8.18		1.06		3.7		20.0		25.0		31.20		0.160		1.28		823				21		杂雌21		2.6				19		杂雌19		16.0				21		杂雌21		16.0				44		杂雌44		22.10				10		杂雌10		0.070				39		杂雌39		2.4				52		杂雌52		0.89				40		杂雌50		0.99		45		杂雌55		813				30		中雌40		1.8				47		中雌57		60				50		中雌60		51				37		中雌47		11.18				39		中雌49		0.44				38		中雌48		3.33				30		中雌40		1.8				47		中雌57		60				50		中雌60		51				37		中雌47		11.18				39		中雌49		0.44				38		中雌48		3.33																						12		中雌12		0.94				23		中雌23		924

		15		杂雌18		273		197		5.5		6.0		4422		201		橘红		酸		15		7.80		8.05		0.97		3.4		110.0		70.0		24.90		1.910		1.64		820				22		杂雌22		2.6				38		杂雌38		19.0				10		杂雌10		17.0				36		杂雌36		22.40				20		杂雌20		0.070				44		杂雌44		2.5				16		杂雌16		0.90				47		杂雌57		0.99		10		杂雌13		814				40		中雌50		1.8				49		中雌59		61				6		中雌8		55				2		中雌4		11.33				22		中雌25		0.48				17		中雌20		3.34				40		中雌50		1.8				49		中雌59		61				6		中雌8		55				2		中雌4		11.33				22		中雌25		0.48				17		中雌20		3.34																						19		中雌19		0.94				44		中雌44		924

		16		杂雌19		242		193		4.7		4.1		1360		80		橘红		酸		16		7.02		7.49		0.94		2.5		16.0		16.0		23.20		0.060		1.18		815				26		杂雌26		2.6				17		杂雌17		20.0				33		杂雌33		18.0				26		杂雌26		22.70				8		杂雌8		0.100				24		杂雌24		2.6				10		杂雌10		0.95				1		杂雌3		1.00		11		杂雌14		814				43		中雌53		1.8				28		中雌35		66				42		中雌52		56				36		中雌46		11.44				42		中雌52		0.53				30		中雌40		3.36				43		中雌53		1.8				28		中雌35		66				42		中雌52		56				36		中雌46		11.44				42		中雌52		0.53				30		中雌40		3.36																						45		中雌45		0.94				7		中雌7		925

		17		杂雌20		219		129		1.9		4.7		4065		271		橘红		酸甜		17		7.75		7.72		1.00		3.2		30.0		10.0		24.30		0.070		1.53		805				55		杂雌55		2.6				10		杂雌10		22.0				34		杂雌34		18.0				19		杂雌19		23.20				34		杂雌34		0.104				25		杂雌25		2.7				24		杂雌24		1.00				17		杂雌20		1.00		33		杂雌39		814				45		中雌55		1.8				50		中雌60		66				35		中雌45		60				10		中雌12		12.29				6		中雌8		0.55				40		中雌50		3.38				45		中雌55		1.8				50		中雌60		66				35		中雌45		60				10		中雌12		12.29				6		中雌8		0.55				40		中雌50		3.38																						10		中雌10		0.95				11		中雌11		925

		18		杂雌21		153		142		1.6		3.3		2080		160		橘黄		酸		18		8.89		8.98		0.99		2.6		42.0		16.0		34.50		0.230		1.80		820				4		杂雌4		2.7				8		杂雌8		25.0				8		杂雌8		20.0				57		杂雌57		23.30				43		杂雌43		0.120				13		杂雌13		3				51		杂雌51		1.01				2		杂雌4		1.02		38		杂雌44		814				5		中雌7		1.9				10		中雌12		68				4		中雌6		64				46		中雌56		12.3				40		中雌50		0.60				23		中雌29		3.40				5		中雌7		1.9				10		中雌12		68				4		中雌6		64				46		中雌56		12.3				40		中雌50		0.60				23		中雌29		3.40																						29		中雌29		0.95				46		中雌46		925

		19		杂雌22		165		167		2.4		5.5		2100		175		橘黄		酸		19		9.28		7.71		1.20		2.6		73.0		40.0		27.00		0.970		1.84		901				5		杂雌5		2.7				58		杂雌58		27.0				11		杂雌11		20.0				11		杂雌11		23.60				41		杂雌41		0.130				26		杂雌26		3.1				50		杂雌50		1.12				3		杂雌5		1.02		2		杂雌4		815				9		中雌11		1.9				6		中雌8		70				3		中雌5		67				19		中雌22		12.33				4		中雌6		0.61				27		中雌34		3.40				9		中雌11		1.9				6		中雌8		70				3		中雌5		67				19		中雌22		12.33				4		中雌6		0.61				27		中雌34		3.40																						30		中雌30		0.95				51		中雌51		925

		20		杂雌24		173		168		2.6		5.3		2397		141		橘黄		酸甜		20		8.22		7.89		1.04		2.9		80.0		35.0		31.40		0.900		1.00		802				10		杂雌10		2.7				4		杂雌4		28.0				27		杂雌27		20.0				43		杂雌43		23.90				27		杂雌27		0.140				28		杂雌28		3.1				19		杂雌19		1.18				41		杂雌51		1.02		4		杂雌6		815				23		中雌29		1.9				22		中雌25		70				40		中雌50		67				39		中雌49		12.62				44		中雌54		0.62				41		中雌51		3.43				23		中雌29		1.9				22		中雌25		70				40		中雌50		67				39		中雌49		12.62				44		中雌54		0.62				41		中雌51		3.43																						35		中雌35		0.95				54		中雌54		925

		21		杂雌25		176		172		2.7		3.7		1120		70		橘红		酸		21		9.20		7.92		1.16		3.9		30.0		15.0		33.30		0.150		0.84		805				28		杂雌28		2.8				20		杂雌20		30.0				17		杂雌17		25.0				40		杂雌40		24.20				51		杂雌51		0.140				37		杂雌37		3.1				11		杂雌11		1.19				4		杂雌6		1.03		8		杂雌10		815				33		中雌43		1.9				36		中雌46		75				14		中雌16		70				9		中雌11		13.26				45		中雌55		0.62				11		中雌13		3.45				33		中雌43		1.9				36		中雌46		75				14		中雌16		70				9		中雌11		13.26				45		中雌55		0.62				11		中雌13		3.45																						48		中雌48		0.95				13		中雌13		928

		22		杂雌26		172		186		3.1		5.5		3213		189		橘黄		酸		22		7.76		6.93		1.12		2.6		137.0		35.0		22.70		1.100		1.46		815				33		杂雌33		2.8				25		杂雌25		30.0				3		杂雌3		29.0				20		杂雌20		24.30				25		杂雌25		0.150				54		杂雌54		3.2				28		杂雌28		1.21				20		杂雌24		1.04		19		杂雌22		815				48		中雌58		1.9				11		中雌13		80				44		中雌54		73				30		中雌40		13.74				36		中雌46		0.69				4		中雌6		3.48				48		中雌58		1.9				11		中雌13		80				44		中雌54		73				30		中雌40		13.74				36		中雌46		0.69				4		中雌6		3.48																						20		中雌20		0.96				15		中雌15		928

		23		杂雌27		256		171		3.9		4.6		3287		173		橘黄		酸甜		23		7.96		6.94		1.15		3.1		40.0		20.0		17.90		0.140		1.63		805				44		杂雌44		2.8				33		杂雌33		30.0				37		杂雌37		30.0				59		杂雌59		24.80				17		杂雌17		0.160				29		杂雌29		3.3				54		杂雌54		1.21				27		杂雌33		1.04		30		杂雌36		815				49		中雌59		1.9				21		中雌24		80				37		中雌47		75				8		中雌10		13.76				37		中雌47		0.7				50		中雌60		3.48				49		中雌59		1.9				21		中雌24		80				37		中雌47		75				8		中雌10		13.76				37		中雌47		0.7				50		中雌60		3.48																						21		中雌21		0.96				12		中雌12		930

		24		杂雌28		231		161		3.1		4.7		3762		171		橘黄		酸		24		7.59		7.12		1.07		2.8		77.0		32.0		20.20		0.030		1.21		815				24		杂雌24		2.9				34		杂雌34		31.0				51		杂雌51		30.0				18		杂雌18		24.90				33		杂雌33		0.174				58		杂雌58		3.8				60		杂雌60		1.25				28		杂雌34		1.04		31		杂雌37		815				7		中雌9		2				40		中雌50		80				31		中雌41		77				18		中雌21		13.93				49		中雌59		0.84				19		中雌22		3.53				7		中雌9		2				40		中雌50		80				31		中雌41		77				18		中雌21		13.93				49		中雌59		0.84				19		中雌22		3.53																						34		中雌34		0.96				14		中雌14		930

		25		杂雌29		236		164		3.3		4.7		3914		206		橘红		酸		25		7.13		7.68		0.93		2.5		78.0		42.0		25.40		0.830		2.43		815				37		杂雌37		2.9				36		杂雌36		36.0				28		杂雌28		32.0				53		杂雌53		25.00				21		杂雌21		0.230				27		杂雌27		3.9				34		杂雌34		1.26				31		杂雌37		1.04		40		杂雌50		815				10		中雌12		2				43		中雌53		80				21		中雌24		78				6		中雌8		14.24				38		中雌48		0.93				14		中雌16		3.56				10		中雌12		2				43		中雌53		80				21		中雌24		78				6		中雌8		14.24				38		中雌48		0.93				14		中雌16		3.56																						50		中雌50		0.96				35		中雌35		930

		26		杂雌30		218		214		5.2		5.4		2629		146		黄		酸		26		6.80		7.28		0.93		2.5		10.0		10.0		21.10		0.050		2.55		809				59		杂雌59		2.9				27		杂雌27		40.0				24		杂雌24		35.0				29		杂雌29		25.40				38		杂雌38		0.270				34		杂雌34		4.1				17		杂雌17		1.28				37		杂雌43		1.04		50		杂雌60		815				13		中雌15		2				37		中雌47		84				36		中雌46		80				11		中雌13		14.27				21		中雌24		0.94				24		中雌30		3.56				13		中雌15		2				37		中雌47		84				36		中雌46		80				11		中雌13		14.27				21		中雌24		0.94				24		中雌30		3.56																						8		中雌8		0.97				49		中雌49		930

		27		杂雌33		195		207		4.4		4.8		3608		164		橘黄		酸		27		8.53		8.23		1.04		2.8		30.0		18.0		32.40		0.174		2.32		813				41		杂雌41		3.0				57		杂雌57		40.0				26		杂雌26		35.0				4		杂雌4		25.80				4		杂雌4		0.360				36		杂雌36		4.3				14		杂雌14		1.30				13		杂雌16		1.06		1		杂雌3		817				17		中雌20		2				8		中雌10		93				19		中雌22		83				16		中雌19		14.31				19		中雌22		1.03				34		中雌44		3.58				17		中雌20		2				8		中雌10		93				19		中雌22		83				16		中雌19		14.31				19		中雌22		1.03				34		中雌44		3.58																						16		中雌16		0.97				5		中雌5		1002

		28		杂雌34		202		196		4.1		4.3		4240		212		橘黄		甜酸		28		6.90		6.64		1.04		2.3		31.0		18.0		18.90		0.104		1.26		813				27		杂雌27		3.1				21		杂雌21		42.0				54		杂雌54		35.0				49		杂雌49		26.84				57		杂雌57		0.370				15		杂雌15		4.4				26		杂雌26		1.46				14		杂雌17		1.06		35		杂雌41		817				18		中雌21		2				42		中雌52		95				7		中雌9		84				12		中雌14		14.55				1		中雌1		1.06				21		中雌24		3.62				18		中雌21		2				42		中雌52		95				7		中雌9		84				12		中雌14		14.55				1		中雌1		1.06				21		中雌24		3.62																						46		中雌46		0.97				8		中雌8		1002

		29		杂雌35		193		137		1.9		6.0		1843		97		橘黄		酸		29		6.97		7.41		0.94		2.4		10.0		10.0		19.60		0.010		1.79		901				51		杂雌51		3.1				59		杂雌59		50.0				22		杂雌22		40.0				37		杂雌37		26.90				36		杂雌36		0.400				33		杂雌33		4.4				37		杂雌37		1.47				36		杂雌42		1.06		42		杂雌52		817				31		中雌41		2.0				30		中雌40		99				32		中雌42		86				13		中雌15		14.63				33		中雌43		1.23				45		中雌55		3.63				31		中雌41		2.0				30		中雌40		99				32		中雌42		86				13		中雌15		14.63				33		中雌43		1.23				45		中雌55		3.63																						53		中雌53		0.97				16		中雌16		1002

		30		杂雌36		293		167		4.3		4.3		3380		169		橘红		酸		30		8.03		6.73		1.19		3.4		36.0		50.0		22.40		0.400		0.25		822				58		杂雌58		3.1				40		杂雌40		51.0				43		杂雌43		40.0				9		杂雌9		27.00				37		杂雌37		0.430				57		杂雌57		4.4				15		杂雌15		1.48				43		杂雌53		1.06		14		杂雌17		818				50		中雌60		2				19		中雌22		101				49		中雌59		86				45		中雌55		14.76				10		中雌12		1.3				49		中雌59		3.64				50		中雌60		2				19		中雌22		101				49		中雌59		86				45		中雌55		14.76				10		中雌12		1.3				49		中雌59		3.64																						56		中雌56		0.97				34		中雌34		1002

		31		杂雌37		213		168		3.1		5.4		3876		228		橘黄		酸甜		31		7.93		7.65		1.04		2.9		53.0		30.0		26.90		0.430		1.47		825				60		杂雌60		3.1				37		杂雌37		53.0				55		杂雌55		40.0				22		杂雌22		27.00				55		杂雌55		0.490				4		杂雌4		4.6				4		杂雌4		1.50				24		杂雌28		1.07		6		杂雌8		820				32		中雌42		2.1				24		中雌30		101				46		中雌56		92				41		中雌51		14.9				32		中雌42		1.3				5		中雌7		3.73				32		中雌42		2.1				24		中雌30		101				46		中雌56		92				41		中雌51		14.9				32		中雌42		1.3				5		中雌7		3.73																						7		中雌7		0.98				47		中雌47		1002

		32		杂雌38		215		147		2.4		3.8		2112		96		橘黄		酸甜		32		9.09		8.09		1.12		3.5		19.0		42.0		33.30		0.270		2.14		809				6		杂雌6		3.2				55		杂雌55		57.0				57		杂雌57		40.0				60		杂雌60		27.20				59		杂雌59		0.500				19		杂雌19		4.7				20		杂雌20		1.53				8		杂雌10		1.08		9		杂雌11		820				34		中雌44		2.1				12		中雌14		109				29		中雌37		93				21		中雌24		14.98				47		中雌57		1.3				46		中雌56		3.76				34		中雌44		2.1				12		中雌14		109				29		中雌37		93				21		中雌24		14.98				47		中雌57		1.3				46		中雌56		3.76																						24		中雌24		0.98				37		中雌37		1003

		33		杂雌39		203		150		2.4		4.1		1728		108		橘红		酸		33		8.19		7.10		1.15		2.2		10.0		10.0		18.80		0.010		2.60		813				16		杂雌16		3.2				54		杂雌54		70.0				59		杂雌59		40.0				13		杂雌13		28.70				58		杂雌58		0.600				53		杂雌53		4.7				43		杂雌43		1.53				10		杂雌13		1.08		12		杂雌15		820				34		中雌45		2.1				31		中雌41		112				34		中雌44		93				31		中雌41		15.50				31		中雌41		1.34				39		中雌49		3.77				34		中雌45		2.1				31		中雌41		112				34		中雌44		93				31		中雌41		15.50				31		中雌41		1.34				39		中雌49		3.77																						40		中雌40		0.98				4		中雌4		1008

		34		杂雌40		131		127		1.1		4.2		1254		66		黄		酸		34		7.61		7.06		1.08		3.5		51.0		84.0		24.20		1.040		0.66		809				20		杂雌20		3.2				11		杂雌11		72.0				29		杂雌29		42.0				6		杂雌6		28.80				29		杂雌29		0.830				10		杂雌10		4.8				49		杂雌49		1.56				34		杂雌40		1.08		18		杂雌21		820				36		中雌47		2.1				33		中雌43		123				45		中雌55		93				25		中雌32		15.68				30		中雌40		1.35				42		中雌52		3.78				36		中雌47		2.1				33		中雌43		123				45		中雌55		93				25		中雌32		15.68				30		中雌40		1.35				42		中雌52		3.78																						41		中雌41		0.99				20		中雌20		1008

		35		杂雌41		180		119		1.3		3.2		1680		84		橘黄		酸		35		6.86		6.95		0.99		3.0		15.0		42.0		20.00		0.130		3.35		809				50		杂雌50		3.2				22		杂雌22		73.0				38		杂雌38		42.0				50		杂雌50		29.00				54		杂雌54		0.870				52		杂雌52		4.8				27		杂雌27		1.63				39		杂雌49		1.08		21		杂雌25		820				47		中雌57		2.1				1		中雌1		127				33		中雌43		97				22		中雌25		16.16				8		中雌10		1.8				12		中雌14		3.82				47		中雌57		2.1				1		中雌1		127				33		中雌43		97				22		中雌25		16.16				8		中雌10		1.8				12		中雌14		3.82																						52		中雌52		0.99				22		中雌22		1008

		36		杂雌42		160		98		0.8		3.3		912		57		橘红		酸		36		6.81		6.42		1.06		2.5		10.0		10.0		15.60		0.050		2.77		822				54		杂雌54		3.2				28		杂雌28		77.0				41		杂雌41		42.0				52		杂雌52		29.80				24		杂雌24		0.900				60		杂雌60		5				18		杂雌18		1.64				45		杂雌55		1.08		27		杂雌33		820				26		中雌33		2.2				13		中雌15		135				27		中雌34		98				49		中雌59		16.16				23		中雌29		1.8				8		中雌10		3.86				26		中雌33		2.2				13		中雌15		135				27		中雌34		98				49		中雌59		16.16				23		中雌29		1.8				8		中雌10		3.86																						1		中雌1		1				25		中雌25		1008

		37		杂雌43		152		116		1.1		4.1		1521		117		橘黄		酸甜		37		7.94		7.63		1.04		4.4		13.0		40.0		23.90		0.120		1.53		809				13		杂雌13		3.3				49		杂雌49		77.0				4		杂雌4		50.0				14		杂雌14		30.20				44		杂雌44		0.940				5		杂雌5		5.2				55		杂雌55		1.78				5		杂雌7		1.09		32		杂雌38		820				37		中雌48		2.2				14		中雌16		153				30		中雌40		98				28		中雌35		16.28				11		中雌13		1.83				26		中雌33		3.88				37		中雌48		2.2				14		中雌16		153				30		中雌40		98				28		中雌35		16.28				11		中雌13		1.83				26		中雌33		3.88																						25		中雌25		1				32		中雌32		1008

		38		杂雌44		201		154		2.5		6.1		3237		249		橘红		酸		38		7.76		6.57		1.18		2.8		85.0		50.0		22.10		0.940		0.40		822				53		杂雌53		3.3				29		杂雌29		78.0				36		杂雌36		50.0				58		杂雌58		30.40				22		杂雌22		0.970				9		杂雌9		5.2				35		杂雌35		1.79				6		杂雌8		1.10		36		杂雌42		820				12		中雌14		2.3				32		中雌42		157				20		中雌23		105				47		中雌57		16.36				27		中雌34		1.88				25		中雌32		3.89				12		中雌14		2.3				32		中雌42		157				20		中雌23		105				47		中雌57		16.36				27		中雌34		1.88				25		中雌32		3.89																						55		中雌55		1				33		中雌33		1008

		39		杂雌49		173		131		1.6		3.6		2538		141		橘黄		酸		39		7.74		7.14		1.08		4.0		77.0		56.0		26.84		1.200		1.56		817				9		杂雌9		3.4				24		杂雌24		80.0				44		杂雌44		50.0				16		杂雌16		30.00				40		杂雌40		1.040				30		杂雌30		5.2				21		杂雌21		1.80				44		杂雌54		1.10		39		杂雌49		820				16		中雌19		2.3				5		中雌7		170				39		中雌49		116				17		中雌20		16.45				7		中雌9		2.02				43		中雌53		3.92				16		中雌19		2.3				5		中雌7		170				39		中雌49		116				17		中雌20		16.45				7		中雌9		2.02				43		中雌53		3.92																						58		中雌58		1				53		中雌53		1008

		40		杂雌50		165		151		2		5.7		2512		157		橘黄		酸		40		8.09		8.19		0.99		3.2		10.0		10.0		29.00		0.014		1.12		818				18		杂雌18		3.4				44		杂雌44		85.0				52		杂雌52		50.0				17		杂雌17		31.20				26		杂雌26		1.100				18		杂雌18		5.5				22		杂雌22		1.84				22		杂雌26		1.12		7		杂雌9		822				29		中雌37		2.3				9		中雌11		171				23		中雌29		118				26		中雌33		16.67				46		中雌56		2.06				47		中雌57		3.93				29		中雌37		2.3				9		中雌11		171				23		中雌29		118				26		中雌33		16.67				46		中雌56		2.06				47		中雌57		3.93																						33		中雌33		1.01				60		中雌60		1008

		41		杂雌51		183		154		2.3		4.5		2436		174		橘黄		酸		41		8.80		8.59		1.02		3.1		15.0		30.0		31.22		0.140		1.01		809				36		杂雌36		3.4				18		杂雌18		110.0				49		杂雌49		56.0				51		杂雌51		31.22				49		杂雌49		1.200				59		杂雌59		5.5				56		杂雌56		1.84				32		杂雌38		1.12		29		杂雌35		822				11		中雌13		2.4				48		中雌58		174				5		中雌7		122				5		中雌7		16.83				14		中雌16		2.13				20		中雌23		3.95				11		中雌13		2.4				48		中雌58		174				5		中雌7		122				5		中雌7		16.83				14		中雌16		2.13				20		中雌23		3.95																						37		中雌37		1.01				30		中雌30		1014

		42		杂雌52		220		205		4.8		5.7		4428		246		橘黄		酸		42		9.62		7.91		1.22		4.1		120.0		50.0		29.80		1.800		0.89		815				38		杂雌38		3.5				60		杂雌60		110.0				16		杂雌16		68.0				24		杂雌24		31.40				3		杂雌3		1.700				14		杂雌14		5.6				7		杂雌7		1.87				48		杂雌58		1.13		47		杂雌57		822				19		中雌22		2.4				23		中雌29		175				47		中雌57		132				20		中雌23		17.12				12		中雌14		2.44				10		中雌12		4.01				19		中雌22		2.4				23		中雌29		175				47		中雌57		132				20		中雌23		17.12				12		中雌14		2.44				10		中雌12		4.01																						9		中雌9		1.02				18		中雌18		1015

		43		杂雌53		240		193		4.7		7.0		2932		181		橘黄		酸		43		7.28		6.90		1.06		3.3		150.0		83.0		25.00		3.120		0.29		815				40		杂雌40		3.5				52		杂雌52		120.0				18		杂雌18		70.0				33		杂雌33		32.40				52		杂雌52		1.800				56		杂雌56		5.7				57		杂雌57		2.12				50		杂雌60		1.13		48		杂雌58		822				25		中雌32		2.4				27		中雌34		179				48		中雌58		137				44		中雌54		18.05				9		中雌11		3.32				2		中雌4		4.02				25		中雌32		2.4				27		中雌34		179				48		中雌58		137				44		中雌54		18.05				9		中雌11		3.32				2		中雌4		4.02																						18		中雌18		1.02				24		中雌24		1015

		44		杂雌54		213		170		3.2		7.6		4505		265		橘红		酸		44		9.38		8.49		1.10		3.2		70.0		35.0		35.70		0.870		1.21		820				3		杂雌3		3.6				15		杂雌15		127.0				58		杂雌58		75.0				25		杂雌25		33.30				18		杂雌18		1.910				16		杂雌16		6.3				38		杂雌38		2.14				23		杂雌27		1.15		28		杂雌34		823				21		中雌24		2.5				46		中雌56		182				8		中雌10		140				29		中雌37		18.15				13		中雌15		3.39				48		中雌58		4.06				21		中雌24		2.5				46		中雌56		182				8		中雌10		140				29		中雌37		18.15				13		中雌15		3.39				48		中雌58		4.06																						44		中雌44		1.02				45		中雌45		1015

		45		杂雌55		226		256		7.8		6.2		2326		164		橘黄		酸		45		8.66		8.05		1.08		2.6		57.0		40.0		21.30		0.490		1.78		820				17		杂雌17		3.7				26		杂雌26		137.0				5		杂雌5		80.0				38		杂雌38		33.30				15		杂雌15		2.100				3		杂雌3		6.4				33		杂雌33		2.32				33		杂雌39		1.15		15		杂雌18		825				35		中雌46		2.5				38		中雌48		190				9		中雌11		146				48		中雌58		18.26				5		中雌7		3.48				13		中雌15		4.14				35		中雌46		2.5				38		中雌48		190				9		中雌11		146				48		中雌58		18.26				5		中雌7		3.48				13		中雌15		4.14																						32		中雌32		1.03				48		中雌48		1015

		46		杂雌56		250		209		5.7		6.0		2030		145		橘黄		酸甜		46		8.49		8.95		0.95		2.2		10.0		10.0		37.53		0.060		1.84		820				25		杂雌25		3.9				3		杂雌3		138.0				15		杂雌15		83.0				21		杂雌21		34.50				60		杂雌60		2.500				7		杂雌7		6.8				29		杂雌29		2.43				21		杂雌25		1.16		16		杂雌19		825				20		中雌23		2.8				20		中雌23		200				10		中雌12		155				1		中雌1		18.52				20		中雌23		3.6				18		中雌21		4.22				20		中雌23		2.8				20		中雌23		200				10		中雌12		155				1		中雌1		18.52				20		中雌23		3.6				18		中雌21		4.22																						47		中雌47		1.03				21		中雌21		1020

		47		杂雌57		185		213		4.4		5.1		3468		204		橘黄		酸甜		47		7.56		7.67		0.99		2.2		40.0		40.0		23.30		0.370		2.12		825				7		杂雌7		4.0				53		杂雌53		150.0				53		杂雌53		83.0				54		杂雌54		35.70				53		杂雌53		3.100				8		杂雌8		7.2				30		杂雌30		2.55				38		杂雌44		1.18		25		杂雌29		825				22		中雌25		2.9				34		中雌44		202				11		中雌13		160				15		中雌18		19.69				34		中雌44		4.23				22		中雌25		4.23				22		中雌25		2.9				34		中雌44		202				11		中雌13		160				15		中雌18		19.69				34		中雌44		4.23				22		中雌25		4.23																						57		中雌57		1.03				42		中雌42		1020

		48		杂雌58		253		169		3.8		4.6		1456		91		橘黄		酸		48		9.34		8.25		1.13		3.1		27.0		75.0		30.40		0.600		0.70		817				49		杂雌49		4.0				5		杂雌5		180.0				40		杂雌40		84.0				5		杂雌5		35.80				16		杂雌16		4.900				6		杂雌6		7.4				39		杂雌39		2.60				30		杂雌36		1.19		37		杂雌43		825				46		中雌56		2.9				7		中雌9		220				12		中雌14		167				14		中雌16		19.79				48		中雌58		4.36				16		中雌19		4.49				46		中雌56		2.9				7		中雌9		220				12		中雌14		167				14		中雌16		19.79				48		中雌58		4.36				16		中雌19		4.49																						23		中雌23		1.04				19		中雌19		1025

		49		杂雌59		208		224		5.5		5.5		5149		271		橘黄		酸甜		49		7.78		8.20		0.95		2.9		50.0		40.0		24.80		0.500		0.79		822				52		杂雌52		4.1				6		杂雌6		229.0				60		杂雌60		95.0				56		杂雌56		37.53				5		杂雌5		5.200				11		杂雌11		7.4				42		杂雌42		2.77				19		杂雌22		1.20		5		杂雌7		901				4		中雌6		3.1				41		中雌51		256				13		中雌15		170				4		中雌6		20.1				29		中雌37		5.8				28		中雌35		4.78				4		中雌6		3.1				41		中雌51		256				13		中雌15		170				4		中雌6		20.1				29		中雌37		5.8				28		中雌35		4.78																						59		中雌59		1.04				9		中雌9		1030

		50		杂雌60		256		194		5		5.8		3122		233		橘黄		酸甜		50		8.55		7.57		1.13		3.1		110.0		84.0		27.20		2.500		1.25		808				43		杂雌43		4.4				16		杂雌16		241.0				6		杂雌6		105.0				3		杂雌3		43.70				6		杂雌6		5.900				55		杂雌55		7.8				41		杂雌41		3.35				42		杂雌52		1.22		49		杂雌59		901				15		中雌18		3.1				29		中雌37		342				41		中雌51		205				34		中雌44		22.52				41		中雌51		7.81				33		中雌43		4.90				15		中雌18		3.1				29		中雌37		342				41		中雌51		205				34		中雌44		22.52				41		中雌51		7.81				33		中雌43		4.90																						42		中雌42		1.07				43		中雌43		1030

		平均				222		178		3.9		5.1		3019		178						平均		8.01		7.65		1.05		3.0		58.9		36.4		26.2		0.85		1.35						平均				3.0				平均				58.9				平均				36.9				平均				26.2				平均				0.85				平均				3.9				平均				1.35

		序号		编号		树高		均冠		冠体		地径		当年枝		1年枝		果色		味道				果纵径		果横径		果形系数		果柄长		果穗数		果实密度		百果重		果产量		1年刺		成熟期

		百果重		果产量				果穗数		果产量				果实密度		果产量																														“蒙×中”杂雌果柄长度频数分布																		“蒙×中”杂雌百果重频数分布																		“蒙×中”杂雌果实产量频数分布																“蒙×中”杂雌1年枝刺频数分布																		“蒙×中”杂雌与中雌果柄长度频数分布																		“蒙×中”杂雌与中雌果实密度频数分布																“蒙×中”杂雌与中雌果实产量频数分布														“蒙×中”杂雌与中雌果柄长度频数分布																		“蒙×中”杂雌与中雌果实密度频数分布																“蒙×中”杂雌与中雌果实产量频数分布

		43.70		1.700				138.0		1.700				29.0		1.700																														果柄长		＜2		2-2.5		2.5-3		3-3.5		3.5-4		4-4.5		＞4.5				百果重		＜15		15-20		20-25		25-30		30-35		35-40		＞40				果实产量		＜1		1/2		2/3		3/4		4/5		＞5				1年枝刺		＜0.5		0.5-1		1-1.5		1.5-2		2-2.5		2.5-3		＞3				果柄长		＜2		2-2.5		2.5-3		3-3.5		3.5-4		4-4.5		＞4.5				果实密度		＜20		20-40		40-60		60-80		80-100		＞100				果实产量		＜1		1/2		2/3		3/4		4/5		＞5		果柄长		＜2		2-2.5		2.5-3		3-3.5		3.5-4		4-4.5		＞4.5				果实密度		＜20		20-40		40-60		60-80		80-100		＞100				果实产量		＜1		1/2		2/3		3/4		4/5		＞5

		25.80		0.360				28.0		0.360				50.0		0.360																														频数（%）				22		32		32		10		4						频数（%）				12		35		22		5		6		2				频数（%）		76		12		4		2		2		4				频数（%）		12		22		28		22		8		6		2				频数（%）				22		32		32		10		4						频数（%）		34		32		16		8		8		2				频数（%）		76		12		4		2		2		4		频数（%）				22		32		32		10		4						频数（%）		34		32		16		8		8		2				频数（%）		76		12		4		2		2		4

		35.80		5.200				180.0		5.200				80.0		5.200																														株数		0		11		16		16		5		2						株数		0		6		19		11		10		3		1				株数		38		6		2		1		1		2				株数		6		11		14		11		4		3		1				株数		0		11		16		16		5		2						株数		17		16		8		4		4		1				株数		38		6		2		1		1		2		株数		0		11		16		16		5		2						株数		17		16		8		4		4		1				株数		38		6		2		1		1		2

		28.80		5.900				229.0		5.900				90.0		5.900																																																																																																				频数（%）		46		40		10		4										频数（%）				10		24		18		22		26				频数（%）		52		24		8		8		4		4		频数（%）		46		40		10		4										频数（%）				10		24		18		22		26				频数（%）		52		24		8		8		4		4

		22.10		0.050				10.0		0.050				10.0		0.050																																																																																																				株数		23		20		5		2										株数		0		5		12		9		11		13				株数		26		12		4		4		2		2		株数		23		20		5		2										株数		0		5		12		9		11		13				株数		26		12		4		4		2		2

		20.70		0.100				25.0		0.100				20.0		0.100

		27.00		0.050				10.0		0.050				10.0		0.050																																																																																																				“蒙×中”杂雌与中雌果柄长度频数分布																		“蒙×中”杂雌与中雌果实密度频数分布																“蒙×中”杂雌与中雌果实产量频数分布														“蒙×中”杂雌与中雌果柄长度频数分布																		“蒙×中”杂雌与中雌果实密度频数分布																“蒙×中”杂雌与中雌果实产量频数分布

		18.70		0.070				22.0		0.070				17.0		0.070																																																																																																				果柄长度		＜2		2-2.5		2.5-3		3-3.5		3.5-4		4-4.5		＞4.5				果实密度		＜20		20-40		40-60		60-80		80-100		＞100				果实产量		＜1		2/3		2/3		3/4		4/5		＞5		果柄长度		＜2		2-2.5		2.5-3		3-3.5		3.5-4		4-4.5		＞4.5				果实密度		＜20		20-40		40-60		60-80		80-100		＞100				果实产量		＜1		1/2		2/3		3/4		4/5		＞5

		23.60		0.034				72.0		0.034				20.0		0.034																																																																																																				“蒙×中”杂雌				22		32		32		10		4						“蒙×中”杂雌		34		32		16		8		8		2				“蒙×中”杂雌		76		12		4		2		2		4		“蒙×中”杂雌				22		32		32		10		4						“蒙×中”杂雌		34		32		16		8		8		2				“蒙×中”杂雌		76		12		4		2		2		4

		28.70		0.044				10.0		0.044				10.0		0.044																																																																																																				中国雌株		46		40		10		4										中国雌株				10		24		18		22		26				中国雌株		52		24		8		8		4		4		中国雌株		46		40		10		4										中国雌株				10		24		18		22		26				中国雌株		52		24		8		8		4		4

		30.20		0.050				10.0		0.050				10.0		0.050

		20.00		2.100				127.0		2.100				83.0		2.100

		30.00		5.000				241.0		5.000				68.0		5.000

		31.20		0.160				20.0		0.160				25.0		0.160

		24.90		1.910				110.0		1.910				70.0		1.910

		23.20		0.060				16.0		0.060				16.0		0.060

		24.30		0.070				30.0		0.070				10.0		0.070

		34.50		0.230				42.0		0.230				16.0		0.230

		27.00		0.970				73.0		0.970				40.0		0.970

		31.40		0.900				80.0		0.900				35.0		0.900																														“蒙×中”杂雌果穗数频数分布																		“蒙×中”杂雌果实密度频数分布																		“蒙×中”杂雌树冠体积频数分布																		“蒙×中”杂雌与中雌果柄长度频数分布

		33.30		0.150				30.0		0.150				15.0		0.150																														果穗数		＜50		50-100		100-150		150-200		200-250		250-300		＞300				果实密度		＜20		20-40		40-60		60-80		80-100		＞100						果实产量		＜1		1/2		2/3		3/4		4/5		5/6		＞6				果形系数		＜0.9		0.9-1.0		1-1.1		1.1-1.2		＞1.2

		22.70		1.100				137.0		1.100				35.0		1.100																														频数（%）		56		24		14		2		4								频数（%）		34		32		16		8		8		2						频数（%）		2		14		18		16		20		16		14				频数（%）				34		44		20		2

		17.90		0.140				40.0		0.140				20.0		0.140																														株数		28		12		7		1		2								株数		17		16		8		4		4		1						株数		1		7		9		8		10		8		7				株数		0		17		22		10		1

		20.20		0.030				77.0		0.030				32.0		0.030																																																																																				频数（%）		10		68		22

		25.40		0.830				78.0		0.830				42.0		0.830																																																																																				株数		5		34		11		0		0

		21.10		0.050				10.0		0.050				10.0		0.050

		32.40		0.174				30.0		0.174				18.0		0.174

		18.90		0.104				31.0		0.104				18.0		0.104																																																																																																				“蒙×中”杂雌与中雌果穗数频数分布																		“蒙×中”杂雌与中雌百果重频数分布																														“蒙×中”杂雌与中雌果穗数频数分布																		“蒙×中”杂雌与中雌百果重频数分布

		19.60		0.010				10.0		0.010				10.0		0.010																																																																																																				果穗数		＜50		50-100		100-150		150-200		200-250		＞250						百果重		＜15		15-20		20-25		25-30		30-35		35-40		＞40																果穗数		＜50		50-100		100-150		150-200		200-250		＞250						百果重		＜15		15-20		20-25		25-30		30-35		35-40		＞40

		22.40		0.400				36.0		0.400				50.0		0.400																																																																																																				频数（%）		56		24		14		2		4								频数（%）				12		35		22		5		6		2																频数（%）		56		24		14		2		4								频数（%）				12		35		22		5		6		2

		26.90		0.430				53.0		0.430				30.0		0.430																																																																																																				株数		28		12		7		1		2								株数		0		6		19		11		10		3		1																株数		28		12		7		1		2								株数		0		6		19		11		10		3		1

		33.30		0.270				19.0		0.270				42.0		0.270																																																																																																				频数（%）		22		36		16		18		4		2						频数（%）		64		32		4																								频数（%）		22		36		16		18		4		2						频数（%）		64		32		4

		18.80		0.010				10.0		0.010				10.0		0.010																																																																																																				株数		11		18		8		9		2		1						株数		32		16		2																								株数		11		18		8		9		2		1						株数		32		16		2

		24.20		1.040				51.0		1.040				84.0		1.040																																																																																																				“蒙×中”杂雌与中雌果穗数频数分布																		“蒙×中”杂雌与中雌百果重频数分布																														“蒙×中”杂雌与中雌果穗数频数分布																		“蒙×中”杂雌与中雌百果重频数分布

		20.00		0.130				15.0		0.130				42.0		0.130																																																																																																				果穗数		＜50		50-100		100-150		150-200		200-250		250-300						百果重		＜15		15-20		20-25		25-30		30-35		35-40		＞40																果穗数		＜50		50-100		100-150		150-200		200-250		250-300						百果重		＜15		15-20		20-25		25-30		30-35		35-40		＞40

		15.60		0.050				10.0		0.050				10.0		0.050																																																																																																				“蒙×中”杂雌		56		24		14		2		4								“蒙×中”杂雌				12		35		22		5		6		2																“蒙×中”杂雌		56		24		14		2		4								“蒙×中”杂雌				12		35		22		5		6		2
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		新号		果穗数		果实密度		百果重		果产量		成熟期		1年刺

		新杂雌1		48		14		20.80		0.140		824		1.3

		新杂雌2		325		66		12.95		2.778		925		2.4

		新杂雌3		431		64		13.95		3.848		913		0.8

		新杂雌4		137		56		19.58		1.502		908		2.3

		新杂雌5		85		48		19.79		0.807		918		2.2

		新杂雌6		303		53		19.25		3.091		905		2.2

		新杂雌7		30		11		30.66		0.101		815		1.1

		新杂雌8		95		30		28.53		0.813		806		0.8

		新杂雌9		85		24		44.79		0.914		823		1.1

		新杂雌10		86		21		24.97		0.451		824		1.9

		新杂雌11		112		42		42.71		2.009		820		0.7

		新杂雌12		265		47		19.84		2.471		828		1.6

		新杂雌13		180		46		32.90		2.724		806		2.5

		新杂雌14		151		24		18.99		0.688		906		1.9

		新杂雌15		175		52		19.26		1.753		813		1.3

		新杂雌16		29		31		20.70		0.186		828		1.4

		新杂雌17		10		10		21.49		0.021		824		0.3

		新杂雌20		32		11		19.26		0.068		903		1.0

		新杂雌24		92		17		32.56		0.509		816		0.9

		新杂雌26		240		46		21.93		2.421		907		2.0

		新杂雌27		367		62		21.61		4.917		828		0.9

		新杂雌28		35		43		24.39		0.367		824		1.0

		新杂雌29		117		26		15.65		0.476		907		1.0

		新杂雌30		58		25		17.70		0.257		903		1.1

		新杂雌31		10		10		25.18		0.025		820		1.5

		新杂雌32		33		25		26.28		0.217		902		2.0

		新杂雌35		68		27		21.98		0.404		908		1.7

		新杂雌36		52		34		16.59		0.293		905		0.9

		新杂雌37		39		15		20.08		0.117		828		1.4

		新杂雌38		29		22		24.29		0.155		809		1.8

		新杂雌39		10		10		18.86		0.019		923		1.6

		新杂雌40		10		10		28.78		0.029		824		0.7

		新杂雌45		41		29		20.65		0.246		904		0.9

		新杂雌46		31		30		13.86		0.129		824		1.7

		新杂雌48		158		73		12.42		1.433		920		1.6

		新杂雌53		102		41		23.96		1.002		808		1.0

		新杂雌58		14		23		25.37		0.082		823		1.1

		新杂雌62		261		83		16.98		3.678		920		2.6

		新杂雌63		206		59		13.31		1.618		925		2.3

		新杂雌64		47		35		16.44		0.270		824		1.7

		新杂雌65		97		32		13.64		0.423		903		0.7

		新杂雌66		41		22		17.40		0.157		812		1.9

		新杂雌67		78		47		18.99		0.696		925		2.2

		新杂雌68		52		41		16.82		0.359		820		4.4

		新杂雌69		146		54		12.12		0.956		922		2.1

		新杂雌70		156		80		12.94		1.615		922		1.7

		新杂雌71		60		34		9.53		0.194		907		2.3

		新杂雌72		53		46		11.72		0.286		908		2.8

		新杂雌73		117		60		13.30		0.934		922		1.1

		新杂雌75		59		20		16.35		0.193		810		1.2

		平  均		109		37		20.64		1		866		2
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		2		杂雌4		296		173		4.6		4.7		1088		68		橘黄		酸甜		2		7.76		7.60		1.02		2.7		28.0		50.0		25.80		0.360		1.50		820				56		杂雌56		2.2				9		杂雌9		10.0				9		杂雌9		10.0				27		杂雌27		17.90				39		杂雌39		0.010				40		杂雌40		1.1				3		杂雌3		0.25				25		杂雌29		0.93		17		杂雌20		805				2		中雌4		1.5				39		中雌49		30				24		中雌30		26				23		中雌29		8.72				26		中雌33		0.16				31		中雌41		2.00				2		中雌4		1.5				39		中雌49		30				24		中雌30		26				23		中雌29		8.72				26		中雌33		0.16				31		中雌41		2.00				株数		6		11		14		11		4		3		1				13		中雌13		0.84				41		中雌41		901				中国雌株						2		2		14		34		28		14		6

		3		杂雌5		278		189		5.2		6.1		3618		253		橘红		酸		3		8.34		8.17		1.02		2.7		180.0		80.0		35.80		5.200		0.34		815				57		杂雌57		2.2				13		杂雌13		10.0				13		杂雌13		10.0				10		杂雌10		18.70				50		杂雌50		0.014				43		杂雌43		1.1				36		杂雌36		0.25				26		杂雌30		0.93		44		杂雌54		805				24		中雌30		1.5				3		中雌5		39				28		中雌35		28				32		中雌42		9.62				2		中雌4		0.23				9		中雌11		2.14				24		中雌30		1.5				3		中雌5		39				28		中雌35		28				32		中雌42		9.62				2		中雌4		0.23				9		中雌11		2.14				频数（%）						2		2		4		12		80				6		中雌6		0.85				55		中雌55		913

		4		杂雌6		311		213		7.4		8.5		4301		253		橘黄		酸		4		7.43		7.18		1.03		3.2		229.0		90.0		28.80		5.900		0.66		820				34		杂雌34		2.3				14		杂雌14		10.0				14		杂雌14		10.0				39		杂雌39		18.80				28		杂雌28		0.030				41		杂雌41		1.3				53		杂雌53		0.29				16		杂雌19		0.94		46		杂雌56		805				6		中雌8		1.6				18		中雌21		42				16		中雌19		30				42		中雌52		9.9				3		中雌5		0.27				3		中雌5		2.25				6		中雌8		1.6				18		中雌21		42				16		中雌19		30				42		中雌52		9.9				3		中雌5		0.27				3		中雌5		2.25				株数						1		1		2		6		40				14		中雌14		0.87				58		中雌58		913

		5		杂雌7		290		212		6.8		5.8		4556		268		橘黄		酸		5		7.79		7.17		1.09		4.0		10.0		10.0		22.10		0.050		1.87		825				8		杂雌8		2.4				30		杂雌30		10.0				20		杂雌20		10.0				34		杂雌34		18.90				11		杂雌11		0.034				21		杂雌21		1.6				5		杂雌5		0.34				29		杂雌35		0.94		43		杂雌53		808				14		中雌16		1.6				2		中雌4		43				15		中雌18		36				35		中雌45		9.99				18		中雌21		0.27				15		中雌18		2.61				14		中雌16		1.6				2		中雌4		43				15		中雌18		36				35		中雌45		9.99				18		中雌21		0.27				15		中雌18		2.61				“蒙×中”杂雌与中雌1年枝刺频数分布																		4		中雌4		0.88				56		中雌56		914

		6		杂雌8		239		240		7.2		4.4		5720		260		橘黄		酸		6		7.62		6.92		1.10		2.4		25.0		20.0		20.70		0.100		0.60		814				15		杂雌15		2.4				35		杂雌35		10.0				30		杂雌30		10.0				35		杂雌35		19.60				13		杂雌13		0.044				49		杂雌49		1.6				44		杂雌44		0.40				46		杂雌56		0.95		3		杂雌5		809				39		中雌49		1.6				15		中雌18		43				22		中雌25		42				38		中雌48		10.19				24		中雌30		0.28				7		中雌9		2.69				39		中雌49		1.6				15		中雌18		43				22		中雌25		42				38		中雌48		10.19				24		中雌30		0.28				7		中雌9		2.69				1年枝刺		＜0.5		0.5-1		1-1.5		1.5-2		2-2.5		2.5-3		＞3				5		中雌5		0.9				52		中雌52		916

		7		杂雌9		272		192		5.2		6.1		3105		207		橘红		酸		7		8.02		8.12		0.99		3.4		10.0		10.0		27.00		0.050		0.06		814				35		杂雌35		2.4				39		杂雌39		10.0				35		杂雌35		10.0				15		杂雌15		20.00				7		杂雌7		0.050				20		杂雌20		1.9				8		杂雌8		0.60				49		杂雌59		0.95		13		杂雌16		809				42		中雌52		1.6				25		中雌32		44				17		中雌20		43				33		中雌43		10.3				15		中雌18		0.30				35		中雌45		2.88				42		中雌52		1.6				25		中雌32		44				17		中雌20		43				33		中雌43		10.3				15		中雌18		0.30				35		中雌45		2.88				“蒙×中”杂雌		12		22		28		22		8		6		2				51		中雌51		0.9				59		中雌59		916

		8		杂雌10		263		187		4.8		4.0		2329		137		橘黄		酸		8		7.56		7.00		1.08		2.7		22.0		17.0		18.70		0.070		0.95		820				19		杂雌19		2.5				42		杂雌42		10.0				39		杂雌39		10.0				41		杂雌41		20.00				9		杂雌9		0.050				35		杂雌35		1.9				6		杂雌6		0.66				11		杂雌14		0.97		20		杂雌24		809				8		中雌10		1.7				26		中雌33		45				1		中雌1		45				3		中雌5		10.32				28		中雌35		0.3				36		中雌46		2.94				8		中雌10		1.7				26		中雌33		45				1		中雌1		45				3		中雌5		10.32				28		中雌35		0.3				36		中雌46		2.94				中国雌株						1		1		2		6		40				22		中雌22		0.91				6		中雌6		918

		9		杂雌11		235		246		7.4		7.5		5910		394		橘红		酸		9		7.30		7.46		0.98		2.6		72.0		20.0		23.60		0.034		1.19		814				29		杂雌29		2.5				50		杂雌50		10.0				42		杂雌42		10.0				28		杂雌28		20.20				14		杂雌14		0.050				50		杂雌50		2				40		杂雌40		0.66				15		杂雌18		0.97		26		杂雌30		809				27		中雌34		1.7				45		中雌55		45				25		中雌32		46				27		中雌34		10.79				43		中雌53		0.31				1		中雌1		2.98				27		中雌34		1.7				45		中雌55		45				25		中雌32		46				27		中雌34		10.79				43		中雌53		0.31				1		中雌1		2.98																						54		中雌54		0.91				57		中雌57		918

		10		杂雌13		210		164		3		4.5		1456		112		橘红		酸		10		8.44		7.81		1.08		3.3		10.0		10.0		28.70		0.044		0.77		814				30		杂雌30		2.5				56		杂雌56		10.0				50		杂雌50		10.0				8		杂雌8		20.70				30		杂雌30		0.050				51		杂雌51		2.3				58		杂雌58		0.70				9		杂雌11		0.98		34		杂雌40		809				41		中雌51		1.7				44		中雌54		47				43		中雌53		46				24		中雌30		10.85				25		中雌32		0.32				37		中雌47		3.00				41		中雌51		1.7				44		中雌54		47				43		中雌53		46				24		中雌30		10.85				25		中雌32		0.32				37		中雌47		3.00																						11		中雌11		0.92				1		中雌1		921

		11		杂雌14		292		191		5.6		4.1		1480		74		橘红		酸		11		7.87		8.13		0.97		2.6		10.0		10.0		30.20		0.050		1.30		815				42		杂雌42		2.5				43		杂雌43		13.0				56		杂雌56		10.0				30		杂雌30		21.10				42		杂雌42		0.050				17		杂雌17		2.4				13		杂雌13		0.77				7		杂雌9		0.99		41		杂雌51		809				44		中雌54		1.7				4		中雌6		48				18		中雌21		47				7		中雌9		10.88				35		中雌45		0.32				44		中雌54		3.08				44		中雌54		1.7				4		中雌6		48				18		中雌21		47				7		中雌9		10.88				35		中雌45		0.32				44		中雌54		3.08																						49		中雌49		0.92				40		中雌40		922

		12		杂雌15		252		183		4.4		5.5		4494		214		橘红		酸甜		12		6.50		7.09		0.92		2.4		127.0		83.0		20.00		2.100		1.48		817				11		杂雌11		2.6				41		杂雌41		15.0				25		杂雌25		15.0				55		杂雌55		21.30				19		杂雌19		0.060				22		杂雌22		2.4				59		杂雌59		0.79				18		杂雌21		0.99		23		杂雌27		813				1		中雌1		1.8				35		中雌45		54				2		中雌4		48				40		中雌50		11.01				50		中雌60		0.37				29		中雌37		3.21				1		中雌1		1.8				35		中雌45		54				2		中雌4		48				40		中雌50		11.01				50		中雌60		0.37				29		中雌37		3.21																						60		中雌60		0.92				29		中雌29		923

		13		杂雌16		220		233		6.3		4.4		4643		278		橘酸		酸		13		8.48		8.01		1.06		3.2		241.0		68.0		30.00		5.000		0.90		820				14		杂雌14		2.6				51		杂雌51		15.0				19		杂雌19		16.0				7		杂雌7		22.10				56		杂雌56		0.060				38		杂雌38		2.4				25		杂雌25		0.84				35		杂雌41		0.99		24		杂雌28		813				28		中雌35		1.8				17		中雌20		55				38		中雌48		49				50		中雌60		11.04				17		中雌20		0.39				6		中雌8		3.23				28		中雌35		1.8				17		中雌20		55				38		中雌48		49				50		中雌60		11.04				17		中雌20		0.39				6		中雌8		3.23																						43		中雌43		0.93				10		中雌10		924

		14		杂雌17		203		151		2.4		3.8		3072		192		橘红		酸甜		14		8.64		8.18		1.06		3.7		20.0		25.0		31.20		0.160		1.28		823				21		杂雌21		2.6				19		杂雌19		16.0				21		杂雌21		16.0				44		杂雌44		22.10				10		杂雌10		0.070				39		杂雌39		2.4				52		杂雌52		0.89				40		杂雌50		0.99		45		杂雌55		813				30		中雌40		1.8				47		中雌57		60				50		中雌60		51				37		中雌47		11.18				39		中雌49		0.44				38		中雌48		3.33				30		中雌40		1.8				47		中雌57		60				50		中雌60		51				37		中雌47		11.18				39		中雌49		0.44				38		中雌48		3.33																						12		中雌12		0.94				23		中雌23		924

		15		杂雌18		273		197		5.5		6.0		4422		201		橘红		酸		15		7.80		8.05		0.97		3.4		110.0		70.0		24.90		1.910		1.64		820				22		杂雌22		2.6				38		杂雌38		19.0				10		杂雌10		17.0				36		杂雌36		22.40				20		杂雌20		0.070				44		杂雌44		2.5				16		杂雌16		0.90				47		杂雌57		0.99		10		杂雌13		814				40		中雌50		1.8				49		中雌59		61				6		中雌8		55				2		中雌4		11.33				22		中雌25		0.48				17		中雌20		3.34				40		中雌50		1.8				49		中雌59		61				6		中雌8		55				2		中雌4		11.33				22		中雌25		0.48				17		中雌20		3.34																						19		中雌19		0.94				44		中雌44		924

		16		杂雌19		242		193		4.7		4.1		1360		80		橘红		酸		16		7.02		7.49		0.94		2.5		16.0		16.0		23.20		0.060		1.18		815				26		杂雌26		2.6				17		杂雌17		20.0				33		杂雌33		18.0				26		杂雌26		22.70				8		杂雌8		0.100				24		杂雌24		2.6				10		杂雌10		0.95				1		杂雌3		1.00		11		杂雌14		814				43		中雌53		1.8				28		中雌35		66				42		中雌52		56				36		中雌46		11.44				42		中雌52		0.53				30		中雌40		3.36				43		中雌53		1.8				28		中雌35		66				42		中雌52		56				36		中雌46		11.44				42		中雌52		0.53				30		中雌40		3.36																						45		中雌45		0.94				7		中雌7		925

		17		杂雌20		219		129		1.9		4.7		4065		271		橘红		酸甜		17		7.75		7.72		1.00		3.2		30.0		10.0		24.30		0.070		1.53		805				55		杂雌55		2.6				10		杂雌10		22.0				34		杂雌34		18.0				19		杂雌19		23.20				34		杂雌34		0.104				25		杂雌25		2.7				24		杂雌24		1.00				17		杂雌20		1.00		33		杂雌39		814				45		中雌55		1.8				50		中雌60		66				35		中雌45		60				10		中雌12		12.29				6		中雌8		0.55				40		中雌50		3.38				45		中雌55		1.8				50		中雌60		66				35		中雌45		60				10		中雌12		12.29				6		中雌8		0.55				40		中雌50		3.38																						10		中雌10		0.95				11		中雌11		925

		18		杂雌21		153		142		1.6		3.3		2080		160		橘黄		酸		18		8.89		8.98		0.99		2.6		42.0		16.0		34.50		0.230		1.80		820				4		杂雌4		2.7				8		杂雌8		25.0				8		杂雌8		20.0				57		杂雌57		23.30				43		杂雌43		0.120				13		杂雌13		3				51		杂雌51		1.01				2		杂雌4		1.02		38		杂雌44		814				5		中雌7		1.9				10		中雌12		68				4		中雌6		64				46		中雌56		12.3				40		中雌50		0.60				23		中雌29		3.40				5		中雌7		1.9				10		中雌12		68				4		中雌6		64				46		中雌56		12.3				40		中雌50		0.60				23		中雌29		3.40																						29		中雌29		0.95				46		中雌46		925

		19		杂雌22		165		167		2.4		5.5		2100		175		橘黄		酸		19		9.28		7.71		1.20		2.6		73.0		40.0		27.00		0.970		1.84		901				5		杂雌5		2.7				58		杂雌58		27.0				11		杂雌11		20.0				11		杂雌11		23.60				41		杂雌41		0.130				26		杂雌26		3.1				50		杂雌50		1.12				3		杂雌5		1.02		2		杂雌4		815				9		中雌11		1.9				6		中雌8		70				3		中雌5		67				19		中雌22		12.33				4		中雌6		0.61				27		中雌34		3.40				9		中雌11		1.9				6		中雌8		70				3		中雌5		67				19		中雌22		12.33				4		中雌6		0.61				27		中雌34		3.40																						30		中雌30		0.95				51		中雌51		925

		20		杂雌24		173		168		2.6		5.3		2397		141		橘黄		酸甜		20		8.22		7.89		1.04		2.9		80.0		35.0		31.40		0.900		1.00		802				10		杂雌10		2.7				4		杂雌4		28.0				27		杂雌27		20.0				43		杂雌43		23.90				27		杂雌27		0.140				28		杂雌28		3.1				19		杂雌19		1.18				41		杂雌51		1.02		4		杂雌6		815				23		中雌29		1.9				22		中雌25		70				40		中雌50		67				39		中雌49		12.62				44		中雌54		0.62				41		中雌51		3.43				23		中雌29		1.9				22		中雌25		70				40		中雌50		67				39		中雌49		12.62				44		中雌54		0.62				41		中雌51		3.43																						35		中雌35		0.95				54		中雌54		925

		21		杂雌25		176		172		2.7		3.7		1120		70		橘红		酸		21		9.20		7.92		1.16		3.9		30.0		15.0		33.30		0.150		0.84		805				28		杂雌28		2.8				20		杂雌20		30.0				17		杂雌17		25.0				40		杂雌40		24.20				51		杂雌51		0.140				37		杂雌37		3.1				11		杂雌11		1.19				4		杂雌6		1.03		8		杂雌10		815				33		中雌43		1.9				36		中雌46		75				14		中雌16		70				9		中雌11		13.26				45		中雌55		0.62				11		中雌13		3.45				33		中雌43		1.9				36		中雌46		75				14		中雌16		70				9		中雌11		13.26				45		中雌55		0.62				11		中雌13		3.45																						48		中雌48		0.95				13		中雌13		928

		22		杂雌26		172		186		3.1		5.5		3213		189		橘黄		酸		22		7.76		6.93		1.12		2.6		137.0		35.0		22.70		1.100		1.46		815				33		杂雌33		2.8				25		杂雌25		30.0				3		杂雌3		29.0				20		杂雌20		24.30				25		杂雌25		0.150				54		杂雌54		3.2				28		杂雌28		1.21				20		杂雌24		1.04		19		杂雌22		815				48		中雌58		1.9				11		中雌13		80				44		中雌54		73				30		中雌40		13.74				36		中雌46		0.69				4		中雌6		3.48				48		中雌58		1.9				11		中雌13		80				44		中雌54		73				30		中雌40		13.74				36		中雌46		0.69				4		中雌6		3.48																						20		中雌20		0.96				15		中雌15		928

		23		杂雌27		256		171		3.9		4.6		3287		173		橘黄		酸甜		23		7.96		6.94		1.15		3.1		40.0		20.0		17.90		0.140		1.63		805				44		杂雌44		2.8				33		杂雌33		30.0				37		杂雌37		30.0				59		杂雌59		24.80				17		杂雌17		0.160				29		杂雌29		3.3				54		杂雌54		1.21				27		杂雌33		1.04		30		杂雌36		815				49		中雌59		1.9				21		中雌24		80				37		中雌47		75				8		中雌10		13.76				37		中雌47		0.7				50		中雌60		3.48				49		中雌59		1.9				21		中雌24		80				37		中雌47		75				8		中雌10		13.76				37		中雌47		0.7				50		中雌60		3.48																						21		中雌21		0.96				12		中雌12		930

		24		杂雌28		231		161		3.1		4.7		3762		171		橘黄		酸		24		7.59		7.12		1.07		2.8		77.0		32.0		20.20		0.030		1.21		815				24		杂雌24		2.9				34		杂雌34		31.0				51		杂雌51		30.0				18		杂雌18		24.90				33		杂雌33		0.174				58		杂雌58		3.8				60		杂雌60		1.25				28		杂雌34		1.04		31		杂雌37		815				7		中雌9		2				40		中雌50		80				31		中雌41		77				18		中雌21		13.93				49		中雌59		0.84				19		中雌22		3.53				7		中雌9		2				40		中雌50		80				31		中雌41		77				18		中雌21		13.93				49		中雌59		0.84				19		中雌22		3.53																						34		中雌34		0.96				14		中雌14		930

		25		杂雌29		236		164		3.3		4.7		3914		206		橘红		酸		25		7.13		7.68		0.93		2.5		78.0		42.0		25.40		0.830		2.43		815				37		杂雌37		2.9				36		杂雌36		36.0				28		杂雌28		32.0				53		杂雌53		25.00				21		杂雌21		0.230				27		杂雌27		3.9				34		杂雌34		1.26				31		杂雌37		1.04		40		杂雌50		815				10		中雌12		2				43		中雌53		80				21		中雌24		78				6		中雌8		14.24				38		中雌48		0.93				14		中雌16		3.56				10		中雌12		2				43		中雌53		80				21		中雌24		78				6		中雌8		14.24				38		中雌48		0.93				14		中雌16		3.56																						50		中雌50		0.96				35		中雌35		930

		26		杂雌30		218		214		5.2		5.4		2629		146		黄		酸		26		6.80		7.28		0.93		2.5		10.0		10.0		21.10		0.050		2.55		809				59		杂雌59		2.9				27		杂雌27		40.0				24		杂雌24		35.0				29		杂雌29		25.40				38		杂雌38		0.270				34		杂雌34		4.1				17		杂雌17		1.28				37		杂雌43		1.04		50		杂雌60		815				13		中雌15		2				37		中雌47		84				36		中雌46		80				11		中雌13		14.27				21		中雌24		0.94				24		中雌30		3.56				13		中雌15		2				37		中雌47		84				36		中雌46		80				11		中雌13		14.27				21		中雌24		0.94				24		中雌30		3.56																						8		中雌8		0.97				49		中雌49		930

		27		杂雌33		195		207		4.4		4.8		3608		164		橘黄		酸		27		8.53		8.23		1.04		2.8		30.0		18.0		32.40		0.174		2.32		813				41		杂雌41		3.0				57		杂雌57		40.0				26		杂雌26		35.0				4		杂雌4		25.80				4		杂雌4		0.360				36		杂雌36		4.3				14		杂雌14		1.30				13		杂雌16		1.06		1		杂雌3		817				17		中雌20		2				8		中雌10		93				19		中雌22		83				16		中雌19		14.31				19		中雌22		1.03				34		中雌44		3.58				17		中雌20		2				8		中雌10		93				19		中雌22		83				16		中雌19		14.31				19		中雌22		1.03				34		中雌44		3.58																						16		中雌16		0.97				5		中雌5		1002

		28		杂雌34		202		196		4.1		4.3		4240		212		橘黄		甜酸		28		6.90		6.64		1.04		2.3		31.0		18.0		18.90		0.104		1.26		813				27		杂雌27		3.1				21		杂雌21		42.0				54		杂雌54		35.0				49		杂雌49		26.84				57		杂雌57		0.370				15		杂雌15		4.4				26		杂雌26		1.46				14		杂雌17		1.06		35		杂雌41		817				18		中雌21		2				42		中雌52		95				7		中雌9		84				12		中雌14		14.55				1		中雌1		1.06				21		中雌24		3.62				18		中雌21		2				42		中雌52		95				7		中雌9		84				12		中雌14		14.55				1		中雌1		1.06				21		中雌24		3.62																						46		中雌46		0.97				8		中雌8		1002

		29		杂雌35		193		137		1.9		6.0		1843		97		橘黄		酸		29		6.97		7.41		0.94		2.4		10.0		10.0		19.60		0.010		1.79		901				51		杂雌51		3.1				59		杂雌59		50.0				22		杂雌22		40.0				37		杂雌37		26.90				36		杂雌36		0.400				33		杂雌33		4.4				37		杂雌37		1.47				36		杂雌42		1.06		42		杂雌52		817				31		中雌41		2.0				30		中雌40		99				32		中雌42		86				13		中雌15		14.63				33		中雌43		1.23				45		中雌55		3.63				31		中雌41		2.0				30		中雌40		99				32		中雌42		86				13		中雌15		14.63				33		中雌43		1.23				45		中雌55		3.63																						53		中雌53		0.97				16		中雌16		1002

		30		杂雌36		293		167		4.3		4.3		3380		169		橘红		酸		30		8.03		6.73		1.19		3.4		36.0		50.0		22.40		0.400		0.25		822				58		杂雌58		3.1				40		杂雌40		51.0				43		杂雌43		40.0				9		杂雌9		27.00				37		杂雌37		0.430				57		杂雌57		4.4				15		杂雌15		1.48				43		杂雌53		1.06		14		杂雌17		818				50		中雌60		2				19		中雌22		101				49		中雌59		86				45		中雌55		14.76				10		中雌12		1.3				49		中雌59		3.64				50		中雌60		2				19		中雌22		101				49		中雌59		86				45		中雌55		14.76				10		中雌12		1.3				49		中雌59		3.64																						56		中雌56		0.97				34		中雌34		1002

		31		杂雌37		213		168		3.1		5.4		3876		228		橘黄		酸甜		31		7.93		7.65		1.04		2.9		53.0		30.0		26.90		0.430		1.47		825				60		杂雌60		3.1				37		杂雌37		53.0				55		杂雌55		40.0				22		杂雌22		27.00				55		杂雌55		0.490				4		杂雌4		4.6				4		杂雌4		1.50				24		杂雌28		1.07		6		杂雌8		820				32		中雌42		2.1				24		中雌30		101				46		中雌56		92				41		中雌51		14.9				32		中雌42		1.3				5		中雌7		3.73				32		中雌42		2.1				24		中雌30		101				46		中雌56		92				41		中雌51		14.9				32		中雌42		1.3				5		中雌7		3.73																						7		中雌7		0.98				47		中雌47		1002

		32		杂雌38		215		147		2.4		3.8		2112		96		橘黄		酸甜		32		9.09		8.09		1.12		3.5		19.0		42.0		33.30		0.270		2.14		809				6		杂雌6		3.2				55		杂雌55		57.0				57		杂雌57		40.0				60		杂雌60		27.20				59		杂雌59		0.500				19		杂雌19		4.7				20		杂雌20		1.53				8		杂雌10		1.08		9		杂雌11		820				34		中雌44		2.1				12		中雌14		109				29		中雌37		93				21		中雌24		14.98				47		中雌57		1.3				46		中雌56		3.76				34		中雌44		2.1				12		中雌14		109				29		中雌37		93				21		中雌24		14.98				47		中雌57		1.3				46		中雌56		3.76																						24		中雌24		0.98				37		中雌37		1003

		33		杂雌39		203		150		2.4		4.1		1728		108		橘红		酸		33		8.19		7.10		1.15		2.2		10.0		10.0		18.80		0.010		2.60		813				16		杂雌16		3.2				54		杂雌54		70.0				59		杂雌59		40.0				13		杂雌13		28.70				58		杂雌58		0.600				53		杂雌53		4.7				43		杂雌43		1.53				10		杂雌13		1.08		12		杂雌15		820				34		中雌45		2.1				31		中雌41		112				34		中雌44		93				31		中雌41		15.50				31		中雌41		1.34				39		中雌49		3.77				34		中雌45		2.1				31		中雌41		112				34		中雌44		93				31		中雌41		15.50				31		中雌41		1.34				39		中雌49		3.77																						40		中雌40		0.98				4		中雌4		1008

		34		杂雌40		131		127		1.1		4.2		1254		66		黄		酸		34		7.61		7.06		1.08		3.5		51.0		84.0		24.20		1.040		0.66		809				20		杂雌20		3.2				11		杂雌11		72.0				29		杂雌29		42.0				6		杂雌6		28.80				29		杂雌29		0.830				10		杂雌10		4.8				49		杂雌49		1.56				34		杂雌40		1.08		18		杂雌21		820				36		中雌47		2.1				33		中雌43		123				45		中雌55		93				25		中雌32		15.68				30		中雌40		1.35				42		中雌52		3.78				36		中雌47		2.1				33		中雌43		123				45		中雌55		93				25		中雌32		15.68				30		中雌40		1.35				42		中雌52		3.78																						41		中雌41		0.99				20		中雌20		1008

		35		杂雌41		180		119		1.3		3.2		1680		84		橘黄		酸		35		6.86		6.95		0.99		3.0		15.0		42.0		20.00		0.130		3.35		809				50		杂雌50		3.2				22		杂雌22		73.0				38		杂雌38		42.0				50		杂雌50		29.00				54		杂雌54		0.870				52		杂雌52		4.8				27		杂雌27		1.63				39		杂雌49		1.08		21		杂雌25		820				47		中雌57		2.1				1		中雌1		127				33		中雌43		97				22		中雌25		16.16				8		中雌10		1.8				12		中雌14		3.82				47		中雌57		2.1				1		中雌1		127				33		中雌43		97				22		中雌25		16.16				8		中雌10		1.8				12		中雌14		3.82																						52		中雌52		0.99				22		中雌22		1008

		36		杂雌42		160		98		0.8		3.3		912		57		橘红		酸		36		6.81		6.42		1.06		2.5		10.0		10.0		15.60		0.050		2.77		822				54		杂雌54		3.2				28		杂雌28		77.0				41		杂雌41		42.0				52		杂雌52		29.80				24		杂雌24		0.900				60		杂雌60		5				18		杂雌18		1.64				45		杂雌55		1.08		27		杂雌33		820				26		中雌33		2.2				13		中雌15		135				27		中雌34		98				49		中雌59		16.16				23		中雌29		1.8				8		中雌10		3.86				26		中雌33		2.2				13		中雌15		135				27		中雌34		98				49		中雌59		16.16				23		中雌29		1.8				8		中雌10		3.86																						1		中雌1		1				25		中雌25		1008

		37		杂雌43		152		116		1.1		4.1		1521		117		橘黄		酸甜		37		7.94		7.63		1.04		4.4		13.0		40.0		23.90		0.120		1.53		809				13		杂雌13		3.3				49		杂雌49		77.0				4		杂雌4		50.0				14		杂雌14		30.20				44		杂雌44		0.940				5		杂雌5		5.2				55		杂雌55		1.78				5		杂雌7		1.09		32		杂雌38		820				37		中雌48		2.2				14		中雌16		153				30		中雌40		98				28		中雌35		16.28				11		中雌13		1.83				26		中雌33		3.88				37		中雌48		2.2				14		中雌16		153				30		中雌40		98				28		中雌35		16.28				11		中雌13		1.83				26		中雌33		3.88																						25		中雌25		1				32		中雌32		1008

		38		杂雌44		201		154		2.5		6.1		3237		249		橘红		酸		38		7.76		6.57		1.18		2.8		85.0		50.0		22.10		0.940		0.40		822				53		杂雌53		3.3				29		杂雌29		78.0				36		杂雌36		50.0				58		杂雌58		30.40				22		杂雌22		0.970				9		杂雌9		5.2				35		杂雌35		1.79				6		杂雌8		1.10		36		杂雌42		820				12		中雌14		2.3				32		中雌42		157				20		中雌23		105				47		中雌57		16.36				27		中雌34		1.88				25		中雌32		3.89				12		中雌14		2.3				32		中雌42		157				20		中雌23		105				47		中雌57		16.36				27		中雌34		1.88				25		中雌32		3.89																						55		中雌55		1				33		中雌33		1008

		39		杂雌49		173		131		1.6		3.6		2538		141		橘黄		酸		39		7.74		7.14		1.08		4.0		77.0		56.0		26.84		1.200		1.56		817				9		杂雌9		3.4				24		杂雌24		80.0				44		杂雌44		50.0				16		杂雌16		30.00				40		杂雌40		1.040				30		杂雌30		5.2				21		杂雌21		1.80				44		杂雌54		1.10		39		杂雌49		820				16		中雌19		2.3				5		中雌7		170				39		中雌49		116				17		中雌20		16.45				7		中雌9		2.02				43		中雌53		3.92				16		中雌19		2.3				5		中雌7		170				39		中雌49		116				17		中雌20		16.45				7		中雌9		2.02				43		中雌53		3.92																						58		中雌58		1				53		中雌53		1008

		40		杂雌50		165		151		2		5.7		2512		157		橘黄		酸		40		8.09		8.19		0.99		3.2		10.0		10.0		29.00		0.014		1.12		818				18		杂雌18		3.4				44		杂雌44		85.0				52		杂雌52		50.0				17		杂雌17		31.20				26		杂雌26		1.100				18		杂雌18		5.5				22		杂雌22		1.84				22		杂雌26		1.12		7		杂雌9		822				29		中雌37		2.3				9		中雌11		171				23		中雌29		118				26		中雌33		16.67				46		中雌56		2.06				47		中雌57		3.93				29		中雌37		2.3				9		中雌11		171				23		中雌29		118				26		中雌33		16.67				46		中雌56		2.06				47		中雌57		3.93																						33		中雌33		1.01				60		中雌60		1008

		41		杂雌51		183		154		2.3		4.5		2436		174		橘黄		酸		41		8.80		8.59		1.02		3.1		15.0		30.0		31.22		0.140		1.01		809				36		杂雌36		3.4				18		杂雌18		110.0				49		杂雌49		56.0				51		杂雌51		31.22				49		杂雌49		1.200				59		杂雌59		5.5				56		杂雌56		1.84				32		杂雌38		1.12		29		杂雌35		822				11		中雌13		2.4				48		中雌58		174				5		中雌7		122				5		中雌7		16.83				14		中雌16		2.13				20		中雌23		3.95				11		中雌13		2.4				48		中雌58		174				5		中雌7		122				5		中雌7		16.83				14		中雌16		2.13				20		中雌23		3.95																						37		中雌37		1.01				30		中雌30		1014

		42		杂雌52		220		205		4.8		5.7		4428		246		橘黄		酸		42		9.62		7.91		1.22		4.1		120.0		50.0		29.80		1.800		0.89		815				38		杂雌38		3.5				60		杂雌60		110.0				16		杂雌16		68.0				24		杂雌24		31.40				3		杂雌3		1.700				14		杂雌14		5.6				7		杂雌7		1.87				48		杂雌58		1.13		47		杂雌57		822				19		中雌22		2.4				23		中雌29		175				47		中雌57		132				20		中雌23		17.12				12		中雌14		2.44				10		中雌12		4.01				19		中雌22		2.4				23		中雌29		175				47		中雌57		132				20		中雌23		17.12				12		中雌14		2.44				10		中雌12		4.01																						9		中雌9		1.02				18		中雌18		1015

		43		杂雌53		240		193		4.7		7.0		2932		181		橘黄		酸		43		7.28		6.90		1.06		3.3		150.0		83.0		25.00		3.120		0.29		815				40		杂雌40		3.5				52		杂雌52		120.0				18		杂雌18		70.0				33		杂雌33		32.40				52		杂雌52		1.800				56		杂雌56		5.7				57		杂雌57		2.12				50		杂雌60		1.13		48		杂雌58		822				25		中雌32		2.4				27		中雌34		179				48		中雌58		137				44		中雌54		18.05				9		中雌11		3.32				2		中雌4		4.02				25		中雌32		2.4				27		中雌34		179				48		中雌58		137				44		中雌54		18.05				9		中雌11		3.32				2		中雌4		4.02																						18		中雌18		1.02				24		中雌24		1015

		44		杂雌54		213		170		3.2		7.6		4505		265		橘红		酸		44		9.38		8.49		1.10		3.2		70.0		35.0		35.70		0.870		1.21		820				3		杂雌3		3.6				15		杂雌15		127.0				58		杂雌58		75.0				25		杂雌25		33.30				18		杂雌18		1.910				16		杂雌16		6.3				38		杂雌38		2.14				23		杂雌27		1.15		28		杂雌34		823				21		中雌24		2.5				46		中雌56		182				8		中雌10		140				29		中雌37		18.15				13		中雌15		3.39				48		中雌58		4.06				21		中雌24		2.5				46		中雌56		182				8		中雌10		140				29		中雌37		18.15				13		中雌15		3.39				48		中雌58		4.06																						44		中雌44		1.02				45		中雌45		1015

		45		杂雌55		226		256		7.8		6.2		2326		164		橘黄		酸		45		8.66		8.05		1.08		2.6		57.0		40.0		21.30		0.490		1.78		820				17		杂雌17		3.7				26		杂雌26		137.0				5		杂雌5		80.0				38		杂雌38		33.30				15		杂雌15		2.100				3		杂雌3		6.4				33		杂雌33		2.32				33		杂雌39		1.15		15		杂雌18		825				35		中雌46		2.5				38		中雌48		190				9		中雌11		146				48		中雌58		18.26				5		中雌7		3.48				13		中雌15		4.14				35		中雌46		2.5				38		中雌48		190				9		中雌11		146				48		中雌58		18.26				5		中雌7		3.48				13		中雌15		4.14																						32		中雌32		1.03				48		中雌48		1015

		46		杂雌56		250		209		5.7		6.0		2030		145		橘黄		酸甜		46		8.49		8.95		0.95		2.2		10.0		10.0		37.53		0.060		1.84		820				25		杂雌25		3.9				3		杂雌3		138.0				15		杂雌15		83.0				21		杂雌21		34.50				60		杂雌60		2.500				7		杂雌7		6.8				29		杂雌29		2.43				21		杂雌25		1.16		16		杂雌19		825				20		中雌23		2.8				20		中雌23		200				10		中雌12		155				1		中雌1		18.52				20		中雌23		3.6				18		中雌21		4.22				20		中雌23		2.8				20		中雌23		200				10		中雌12		155				1		中雌1		18.52				20		中雌23		3.6				18		中雌21		4.22																						47		中雌47		1.03				21		中雌21		1020

		47		杂雌57		185		213		4.4		5.1		3468		204		橘黄		酸甜		47		7.56		7.67		0.99		2.2		40.0		40.0		23.30		0.370		2.12		825				7		杂雌7		4.0				53		杂雌53		150.0				53		杂雌53		83.0				54		杂雌54		35.70				53		杂雌53		3.100				8		杂雌8		7.2				30		杂雌30		2.55				38		杂雌44		1.18		25		杂雌29		825				22		中雌25		2.9				34		中雌44		202				11		中雌13		160				15		中雌18		19.69				34		中雌44		4.23				22		中雌25		4.23				22		中雌25		2.9				34		中雌44		202				11		中雌13		160				15		中雌18		19.69				34		中雌44		4.23				22		中雌25		4.23																						57		中雌57		1.03				42		中雌42		1020

		48		杂雌58		253		169		3.8		4.6		1456		91		橘黄		酸		48		9.34		8.25		1.13		3.1		27.0		75.0		30.40		0.600		0.70		817				49		杂雌49		4.0				5		杂雌5		180.0				40		杂雌40		84.0				5		杂雌5		35.80				16		杂雌16		4.900				6		杂雌6		7.4				39		杂雌39		2.60				30		杂雌36		1.19		37		杂雌43		825				46		中雌56		2.9				7		中雌9		220				12		中雌14		167				14		中雌16		19.79				48		中雌58		4.36				16		中雌19		4.49				46		中雌56		2.9				7		中雌9		220				12		中雌14		167				14		中雌16		19.79				48		中雌58		4.36				16		中雌19		4.49																						23		中雌23		1.04				19		中雌19		1025

		49		杂雌59		208		224		5.5		5.5		5149		271		橘黄		酸甜		49		7.78		8.20		0.95		2.9		50.0		40.0		24.80		0.500		0.79		822				52		杂雌52		4.1				6		杂雌6		229.0				60		杂雌60		95.0				56		杂雌56		37.53				5		杂雌5		5.200				11		杂雌11		7.4				42		杂雌42		2.77				19		杂雌22		1.20		5		杂雌7		901				4		中雌6		3.1				41		中雌51		256				13		中雌15		170				4		中雌6		20.1				29		中雌37		5.8				28		中雌35		4.78				4		中雌6		3.1				41		中雌51		256				13		中雌15		170				4		中雌6		20.1				29		中雌37		5.8				28		中雌35		4.78																						59		中雌59		1.04				9		中雌9		1030

		50		杂雌60		256		194		5		5.8		3122		233		橘黄		酸甜		50		8.55		7.57		1.13		3.1		110.0		84.0		27.20		2.500		1.25		808				43		杂雌43		4.4				16		杂雌16		241.0				6		杂雌6		105.0				3		杂雌3		43.70				6		杂雌6		5.900				55		杂雌55		7.8				41		杂雌41		3.35				42		杂雌52		1.22		49		杂雌59		901				15		中雌18		3.1				29		中雌37		342				41		中雌51		205				34		中雌44		22.52				41		中雌51		7.81				33		中雌43		4.90				15		中雌18		3.1				29		中雌37		342				41		中雌51		205				34		中雌44		22.52				41		中雌51		7.81				33		中雌43		4.90																						42		中雌42		1.07				43		中雌43		1030

		平均				222		178		3.9		5.1		3019		178						平均		8.01		7.65		1.05		3.0		58.9		36.4		26.2		0.85		1.35						平均				3.0				平均				58.9				平均				36.9				平均				26.2				平均				0.85				平均				3.9				平均				1.35

		序号		编号		树高		均冠		冠体		地径		当年枝		1年枝		果色		味道				果纵径		果横径		果形系数		果柄长		果穗数		果实密度		百果重		果产量		1年刺		成熟期

		百果重		果产量				果穗数		果产量				果实密度		果产量																														“蒙×中”杂雌果柄长度频数分布																		“蒙×中”杂雌百果重频数分布																		“蒙×中”杂雌果实产量频数分布																“蒙×中”杂雌1年枝刺频数分布																		“蒙×中”杂雌与中雌果柄长度频数分布																		“蒙×中”杂雌与中雌果实密度频数分布																“蒙×中”杂雌与中雌果实产量频数分布														“蒙×中”杂雌与中雌果柄长度频数分布																		“蒙×中”杂雌与中雌果实密度频数分布																“蒙×中”杂雌与中雌果实产量频数分布

		43.70		1.700				138.0		1.700				29.0		1.700																														果柄长		＜2		2-2.5		2.5-3		3-3.5		3.5-4		4-4.5		＞4.5				百果重		＜15		15-20		20-25		25-30		30-35		35-40		＞40				果实产量		＜1		1/2		2/3		3/4		4/5		＞5				1年枝刺		＜0.5		0.5-1		1-1.5		1.5-2		2-2.5		2.5-3		＞3				果柄长		＜2		2-2.5		2.5-3		3-3.5		3.5-4		4-4.5		＞4.5				果实密度		＜20		20-40		40-60		60-80		80-100		＞100				果实产量		＜1		1/2		2/3		3/4		4/5		＞5		果柄长		＜2		2-2.5		2.5-3		3-3.5		3.5-4		4-4.5		＞4.5				果实密度		＜20		20-40		40-60		60-80		80-100		＞100				果实产量		＜1		1/2		2/3		3/4		4/5		＞5

		25.80		0.360				28.0		0.360				50.0		0.360																														频数（%）				22		32		32		10		4						频数（%）				12		35		22		5		6		2				频数（%）		76		12		4		2		2		4				频数（%）		12		22		28		22		8		6		2				频数（%）				22		32		32		10		4						频数（%）		34		32		16		8		8		2				频数（%）		76		12		4		2		2		4		频数（%）				22		32		32		10		4						频数（%）		34		32		16		8		8		2				频数（%）		76		12		4		2		2		4

		35.80		5.200				180.0		5.200				80.0		5.200																														株数		0		11		16		16		5		2						株数		0		6		19		11		10		3		1				株数		38		6		2		1		1		2				株数		6		11		14		11		4		3		1				株数		0		11		16		16		5		2						株数		17		16		8		4		4		1				株数		38		6		2		1		1		2		株数		0		11		16		16		5		2						株数		17		16		8		4		4		1				株数		38		6		2		1		1		2

		28.80		5.900				229.0		5.900				90.0		5.900																																																																																																				频数（%）		46		40		10		4										频数（%）				10		24		18		22		26				频数（%）		52		24		8		8		4		4		频数（%）		46		40		10		4										频数（%）				10		24		18		22		26				频数（%）		52		24		8		8		4		4

		22.10		0.050				10.0		0.050				10.0		0.050																																																																																																				株数		23		20		5		2										株数		0		5		12		9		11		13				株数		26		12		4		4		2		2		株数		23		20		5		2										株数		0		5		12		9		11		13				株数		26		12		4		4		2		2

		20.70		0.100				25.0		0.100				20.0		0.100

		27.00		0.050				10.0		0.050				10.0		0.050																																																																																																				“蒙×中”杂雌与中雌果柄长度频数分布																		“蒙×中”杂雌与中雌果实密度频数分布																“蒙×中”杂雌与中雌果实产量频数分布														“蒙×中”杂雌与中雌果柄长度频数分布																		“蒙×中”杂雌与中雌果实密度频数分布																“蒙×中”杂雌与中雌果实产量频数分布

		18.70		0.070				22.0		0.070				17.0		0.070																																																																																																				果柄长度		＜2		2-2.5		2.5-3		3-3.5		3.5-4		4-4.5		＞4.5				果实密度		＜20		20-40		40-60		60-80		80-100		＞100				果实产量		＜1		2/3		2/3		3/4		4/5		＞5		果柄长度		＜2		2-2.5		2.5-3		3-3.5		3.5-4		4-4.5		＞4.5				果实密度		＜20		20-40		40-60		60-80		80-100		＞100				果实产量		＜1		1/2		2/3		3/4		4/5		＞5

		23.60		0.034				72.0		0.034				20.0		0.034																																																																																																				“蒙×中”杂雌				22		32		32		10		4						“蒙×中”杂雌		34		32		16		8		8		2				“蒙×中”杂雌		76		12		4		2		2		4		“蒙×中”杂雌				22		32		32		10		4						“蒙×中”杂雌		34		32		16		8		8		2				“蒙×中”杂雌		76		12		4		2		2		4

		28.70		0.044				10.0		0.044				10.0		0.044																																																																																																				中国雌株		46		40		10		4										中国雌株				10		24		18		22		26				中国雌株		52		24		8		8		4		4		中国雌株		46		40		10		4										中国雌株				10		24		18		22		26				中国雌株		52		24		8		8		4		4

		30.20		0.050				10.0		0.050				10.0		0.050

		20.00		2.100				127.0		2.100				83.0		2.100

		30.00		5.000				241.0		5.000				68.0		5.000

		31.20		0.160				20.0		0.160				25.0		0.160

		24.90		1.910				110.0		1.910				70.0		1.910

		23.20		0.060				16.0		0.060				16.0		0.060

		24.30		0.070				30.0		0.070				10.0		0.070

		34.50		0.230				42.0		0.230				16.0		0.230

		27.00		0.970				73.0		0.970				40.0		0.970

		31.40		0.900				80.0		0.900				35.0		0.900																														“蒙×中”杂雌果穗数频数分布																		“蒙×中”杂雌果实密度频数分布																		“蒙×中”杂雌树冠体积频数分布																		“蒙×中”杂雌与中雌果柄长度频数分布

		33.30		0.150				30.0		0.150				15.0		0.150																														果穗数		＜50		50-100		100-150		150-200		200-250		250-300		＞300				果实密度		＜20		20-40		40-60		60-80		80-100		＞100						果实产量		＜1		1/2		2/3		3/4		4/5		5/6		＞6				果形系数		＜0.9		0.9-1.0		1-1.1		1.1-1.2		＞1.2

		22.70		1.100				137.0		1.100				35.0		1.100																														频数（%）		56		24		14		2		4								频数（%）		34		32		16		8		8		2						频数（%）		2		14		18		16		20		16		14				频数（%）				34		44		20		2

		17.90		0.140				40.0		0.140				20.0		0.140																														株数		28		12		7		1		2								株数		17		16		8		4		4		1						株数		1		7		9		8		10		8		7				株数		0		17		22		10		1

		20.20		0.030				77.0		0.030				32.0		0.030																																																																																				频数（%）		10		68		22

		25.40		0.830				78.0		0.830				42.0		0.830																																																																																				株数		5		34		11		0		0

		21.10		0.050				10.0		0.050				10.0		0.050

		32.40		0.174				30.0		0.174				18.0		0.174

		18.90		0.104				31.0		0.104				18.0		0.104																																																																																																				“蒙×中”杂雌与中雌果穗数频数分布																		“蒙×中”杂雌与中雌百果重频数分布																														“蒙×中”杂雌与中雌果穗数频数分布																		“蒙×中”杂雌与中雌百果重频数分布

		19.60		0.010				10.0		0.010				10.0		0.010																																																																																																				果穗数		＜50		50-100		100-150		150-200		200-250		＞250						百果重		＜15		15-20		20-25		25-30		30-35		35-40		＞40																果穗数		＜50		50-100		100-150		150-200		200-250		＞250						百果重		＜15		15-20		20-25		25-30		30-35		35-40		＞40

		22.40		0.400				36.0		0.400				50.0		0.400																																																																																																				频数（%）		56		24		14		2		4								频数（%）				12		35		22		5		6		2																频数（%）		56		24		14		2		4								频数（%）				12		35		22		5		6		2

		26.90		0.430				53.0		0.430				30.0		0.430																																																																																																				株数		28		12		7		1		2								株数		0		6		19		11		10		3		1																株数		28		12		7		1		2								株数		0		6		19		11		10		3		1

		33.30		0.270				19.0		0.270				42.0		0.270																																																																																																				频数（%）		22		36		16		18		4		2						频数（%）		64		32		4																								频数（%）		22		36		16		18		4		2						频数（%）		64		32		4

		18.80		0.010				10.0		0.010				10.0		0.010																																																																																																				株数		11		18		8		9		2		1						株数		32		16		2																								株数		11		18		8		9		2		1						株数		32		16		2

		24.20		1.040				51.0		1.040				84.0		1.040																																																																																																				“蒙×中”杂雌与中雌果穗数频数分布																		“蒙×中”杂雌与中雌百果重频数分布																														“蒙×中”杂雌与中雌果穗数频数分布																		“蒙×中”杂雌与中雌百果重频数分布

		20.00		0.130				15.0		0.130				42.0		0.130																																																																																																				果穗数		＜50		50-100		100-150		150-200		200-250		250-300						百果重		＜15		15-20		20-25		25-30		30-35		35-40		＞40																果穗数		＜50		50-100		100-150		150-200		200-250		250-300						百果重		＜15		15-20		20-25		25-30		30-35		35-40		＞40

		15.60		0.050				10.0		0.050				10.0		0.050																																																																																																				“蒙×中”杂雌		56		24		14		2		4								“蒙×中”杂雌				12		35		22		5		6		2																“蒙×中”杂雌		56		24		14		2		4								“蒙×中”杂雌				12		35		22		5		6		2

		23.90		0.120				13.0		0.120				40.0		0.120																																																																																																				中国雌株		22		36		16		18		4		2						中国雌株		64		32		4																								中国雌株		22		36		16		18		4		2						中国雌株		64		32		4

		22.10		0.940				85.0		0.940				50.0		0.940

		26.84		1.200				77.0		1.200				56.0		1.200

		29.00		0.014				10.0		0.014				10.0		0.014

		31.22		0.140				15.0		0.140				30.0		0.140

		29.80		1.800				120.0		1.800				50.0		1.800

		25.00		3.120				150.0		3.120				83.0		3.120

		35.70		0.870				70.0		0.870				35.0		0.870

		21.30		0.490				57.0		0.490				40.0		0.490

		37.53		0.060				10.0		0.060				10.0		0.060

		23.30		0.370				40.0		0.370				40.0		0.370

		30.40		0.600				27.0		0.600				75.0		0.600

		24.80		0.500				50.0		0.500				40.0		0.500

		27.20		2.500				110.0		2.500				84.0		2.500
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图8“蒙×中”杂雌优株果穗数年际变化
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Sheet1

		“蒙×中”杂雌优株2003表型调查资料

		样株号		树高		1/2树高		冠幅1		冠幅2		均冠幅		1/2均冠		冠体		地径		柄长		纵径		横径		系数		百果重		果密度		果穗		单株产量		成熟期		1年刺		1级枝		2级枝		3级枝		4级枝		5级枝		6级枝		99树高		00树高		01树高		02树高		03树高

		优1		170		85		172		200		186		93.0		3.078		5.7		3.0		7.7		7.93		0.98		41.2		80		210		7.40		825		1.31		1		2		12		65		238		4141		40		80		100		138		170

		优10		238		119		161		217		189		94.5		4.449		6.1		2.7		8.34		8.17		1.02		35.8		80		180		5.20		816		0.34		1		1		8		55		253		3618		130		147		176		213		238

		优12		220		110		174		291		233		116.3		6.224		4.4		3.2		8.48		8.01		1.06		30.6		68		241		5.00		820		0.90		1		2		6		59		278		4643		18		67		138		175		220

		平均		209		105		169		236		203		101		4.584		5.4		3.0		8.17		8.04		1.02		35.9		76		210		5.87		820		0.85

		“蒙×中”杂雌优株2004表型调查资料

		年度		树高		1/2树高						均冠		1/2均冠		冠体		地径		果柄长		果纵径		果横径		果形系数		百果重		果实密度		果穗数		果产量		成熟期		1年刺

		杂雌优1		186		93						211		106		4.3		6.8		3.0		7.2		7.3		0.99		21.9		15		131		0.430		815		1.30

		优10		282		141						231		116		7.9		6.6		2.9		7.90		7.0		1.13		21.49		10		10		0.021		824		0.30

		优12		252		126						249		125		8.2		7.9		3.1		7.90		6.80		1.16		21.61		62		367		4.917		828		0.90

		平均		240		120						230		115		6.8		7.1		3.0		7.67		7.03		1.09		21.68		29		169		1.790		822		0.833

		蒙中杂雌优株03新梢数量

		品种		99年枝条数		00年枝条数		01年枝条数		02年枝条数		03年枝条数

		初选优株		2		9		60		256		4134

		杂雄群体		2		10		43		175		3002

		中国沙棘		2		9		37		155		2966

		蒙中杂雌优株连年树高

		品种		1999年		2000年		2001年		2002年		2003年

		初选优株		78		113		139		168		218

		杂雌群体		42		93		133		173		212

		中国沙棘		32		67		91		134		161

		蒙中杂雌优株百果重年际变化								蒙中杂雌优株果穗数年际变化								蒙中杂雌优株果实密度年际变化								蒙中杂雌优株果实产量年际变化

		样株号		优1		优10		优12		样株号		优1		优10		优12		样株号		优1		优10		优12		样株号		优1		优10		优12

		2004年		21.9		21.5		21.6		2004年		131		10		367		2004年		15		10		62		2004年		0.4		0.02		5.9

		2003年		41.2		35.8		30.6		2003年		210		180		241		2003年		80		80		68		2003年		7.4		5.2		5
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		03蒙中杂雌优株

		品种		杂雌优株		杂雌群体		乌兰沙林		中国沙棘		品种		杂雌优株		杂雌群体		乌兰沙林		中国沙棘		品种		杂雌优株		杂雌群体		乌兰沙林		中国沙棘		品种		杂雌优株		杂雌群体		乌兰沙林		中国沙棘		品种		杂雌优株		杂雌群体		乌兰沙林		中国沙棘

		2003树冠体积		4.8		3.6		1.6		2.7		2003百果重		35.6		26		26		13.9		果柄长(mm)		3		3		4.7		2		2003果实产量		5.4		0.8		0.1		1.5		1年枝刺(个/10cm)		1.1		1.4		0		3.5

		2004树冠体积		6.8		5.1		1.7		3.2		2004百果重		21.7		20.6		28		9.4												2004果实产量		1.8		1.0		2.4		0.7
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图20“蒙×中”杂雌与群体、亲本树冠体积
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百果重量（g）

图21“蒙×中”杂雌与群体、亲本百果重量
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2003果实产量

果实产量（kg/株）

图22“蒙×中”杂雌与群体、亲本果实产量
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1年枝刺(个/10cm)

棘刺密度（个/10cm）

图23 “蒙×中”杂雌与群体、亲本果穗棘刺



		蒙中杂雌、群体、亲本性状计算

		乌兰沙林树冠体积										中国雌株树冠体积

		树高		1/2树高		均冠幅		1/2均冠幅		冠体		树高		1/2树高		均冠幅		1/2均冠幅		冠体

		132		66		150		75		1.6		161		80.5		178		89		2.7
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		优1		优1

		优10		优10
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2004年

2003年

果实密度（个）

图9“蒙×中”杂雌果实密度年际变化
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Sheet1

		“蒙×中”杂雌优株2003表型调查资料

		样株号		树高		1/2树高		冠幅1		冠幅2		均冠幅		1/2均冠		冠体		地径		柄长		纵径		横径		系数		百果重		果密度		果穗		单株产量		成熟期		1年刺		1级枝		2级枝		3级枝		4级枝		5级枝		6级枝		99树高		00树高		01树高		02树高		03树高

		优1		170		85		172		200		186		93.0		3.078		5.7		3.0		7.7		7.93		0.98		41.2		80		210		7.40		825		1.31		1		2		12		65		238		4141		40		80		100		138		170

		优10		238		119		161		217		189		94.5		4.449		6.1		2.7		8.34		8.17		1.02		35.8		80		180		5.20		816		0.34		1		1		8		55		253		3618		130		147		176		213		238

		优12		220		110		174		291		233		116.3		6.224		4.4		3.2		8.48		8.01		1.06		30.6		68		241		5.00		820		0.90		1		2		6		59		278		4643		18		67		138		175		220

		平均		209		105		169		236		203		101		4.584		5.4		3.0		8.17		8.04		1.02		35.9		76		210		5.87		820		0.85

		“蒙×中”杂雌优株2004表型调查资料

		年度		树高		1/2树高						均冠		1/2均冠		冠体		地径		果柄长		果纵径		果横径		果形系数		百果重		果实密度		果穗数		果产量		成熟期		1年刺

		杂雌优1		186		93						211		106		4.3		6.8		3.0		7.2		7.3		0.99		21.9		15		131		0.430		815		1.30

		优10		282		141						231		116		7.9		6.6		2.9		7.90		7.0		1.13		21.49		10		10		0.021		824		0.30

		优12		252		126						249		125		8.2		7.9		3.1		7.90		6.80		1.16		21.61		62		367		4.917		828		0.90

		平均		240		120						230		115		6.8		7.1		3.0		7.67		7.03		1.09		21.68		29		169		1.790		822		0.833

		蒙中杂雌优株03新梢数量

		品种		99年枝条数		00年枝条数		01年枝条数		02年枝条数		03年枝条数

		初选优株		2		9		60		256		4134

		杂雄群体		2		10		43		175		3002

		中国沙棘		2		9		37		155		2966

		蒙中杂雌优株连年树高

		品种		1999年		2000年		2001年		2002年		2003年

		初选优株		78		113		139		168		218

		杂雄群体		42		93		133		173		212

		中国沙棘		32		67		91		134		161

		蒙中杂雌优株百果重年际变化								蒙中杂雌优株果穗数年际变化								蒙中杂雌优株果实密度年际变化								蒙中杂雌优株果实产量年际变化

		样株号		优1		优10		优12		样株号		优1		优10		优12		样株号		优1		优10		优12		样株号		优1		优10		优12

		2004年		21.9		21.5		21.6		2004年		131		10		367		2004年		15		10		62		2003年		7.4		5.2		5

		2003年		41.2		35.8		30.6		2003年		210		180		241		2003年		80		80		68		2004年		0.4		0.02		5.9
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图24 “蒙×中”杂雌优株果实大小年际变化
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图25“蒙×中”杂雌优株果穗数年际变化
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果实密度（个）

图26“蒙×中”杂雌果实密度年际变化



		03蒙中杂雌优株

		品种		杂雌优株		杂雌群体		乌兰沙林		中国沙棘		品种		杂雌优株		杂雌群体		乌兰沙林		中国沙棘		品种		杂雌优株		杂雌群体		乌兰沙林		中国沙棘		品种		杂雌优株		杂雌群体		乌兰沙林		中国沙棘		品种		杂雌优株		杂雌群体		乌兰沙林		中国沙棘

		2003树冠体积		4.8		3.6		0.8		2.4		2003百果重		35.6		26		26		13.9		果柄长(mm)		3		3		4.7		2		2003果实产量		5.4		0.8		0.1		1.5		1年枝刺(个/10cm)		1.1		1.4		0		3.5

		2004树冠体积		6.8		5.1		1.7		3.2		2004百果重		21.7		20.6		28		9.4												2004果实产量		1.8		1.0		2.4		0.7
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图20“蒙×中”杂雌与群体、亲本树冠体积
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图21“蒙×中”杂雌与群体、亲本百果重量
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图22“蒙×中”杂雌与群体、亲本果实产量
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图23 “蒙×中”杂雌与群体、亲本果穗棘刺
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Sheet1

		

				Sample form		αT1		αT3		βT1		βT3		γT1		γT3+δT1		δT3		Total

				Lahaul I		1283		518		64						744		66		2675

				Lahaul II		1727		361		45				234		419		3		2786

				Lahaul III		1206		584		32				176		545		10		2553

				Spiti I		1301		628		71		613				284		166		3063

				Spiti II		1467		332		20		123		153		137		5		2237

				Spiti III		951		427		55				157		349		29		1968

				H.sal I		875		98		10						685		30		1919

				H.sal II		776		212		35						252		17		1292

				H.sal III		221		279						128		649		13		1290

				Sample form		Total

				Lahaul I		2675

				Lahaul II		2786

				Lahaul III		2553

				Spiti I		3063

				Spiti II		2237

				Spiti III		1968

				H.sal I		1919

				H.sal II		1292

				H.sal III		1290

																																		Sample form		Total

																																		Lahaul I		2960

																																		Lahaul II		4398

																																		Lahaul III		3686

																																		Spiti I		2780

																																		Spiti II		6207

																																		Spiti III		3472

																																		H.sal I		1186

				Sample form		αT1		αT3		βT1		βT3		γT1		γT3+δT1		δT3																H.sal II		740

				Lahaul I		1283		518		64						744		66																H.sal III		123

				Lahaul II		1727		361		45				234		419		3

				Lahaul III		1206		584		32				176		545		10

				Spiti I		1301		628		71		613				284		166

				Spiti II		1467		332		20		123		153		137		5

				Spiti III		951		427		55				157		349		29

				H.sal I		875		98		10						685		30

				H.sal II		776		212		35						252		17

				H.sal III		221		279						128		649		13
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