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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.

Key word:  Sea-buckthorn, breeding, China, Research progress

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.

