The main directions of sea-buckthorn breeding program in Siberia
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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.   

