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ABSTRACT 

Among the most promising characteristics, it was observed that determination of the sex in seabuckthorn 
(Hippophae rhamnoides L.) is possible by the estimation of the tannic substances in the leaves. The strong 
positive correlation between the weights of fruits and seeds was found, but strong negative correlation 
between the weight of the fruits and percentage of the seeds in them was also found in most of the cases. 
There were no essential correlations in the following pairs of characteristics, viz. percentage of seed mass in 
the crude fruits and length of fruit pedicle, leaf index (length/width) and length of fruit pedicle, leaf index and 
percentage of seed mass in fruits, leaf index and fruit index, leaf index and average fruit mass, length of leaves 
and length of fruit pedicle, yield of fruits per 1 m of length of fruiting sprouts and degree of prickliness of plant 
(number of thorns per 10 cm of sprout length) etc. Width of the leaves was negatively and reliably correlated 
with the content of dry substances and oil in fruits. Between width of leaves and weight of seeds, the 
considerable positive connection (r = 0.64 at P = 0.999) was observed. The index of leaves at medium level 
was correlated positively with the content of oil in the fruits (r = 0.38 at P = 0.99). 

The majority of the studied populations have close positive correlations between the colour of fruits and 
content of carotene in their pulp. Mass of fruits essentially correlates (r = 0.64 at P = 0.999) with content of oil 
in seeds, then the medium negative correlation (r = -0.35 at P = 0.99) was found and between mass of fruits 
and content of their oil. Mass of fruits in one flower bud was also equally correlated with number of fruits and 
with average mass of one fruit (r = 0.517 and 0.544 respectively). It testifies that the selection of seabuckthorn 
with the purpose of increasing productivity of fruits should be guided simultaneously both by an increase of 
number of fruits per length unit of sprout, and an increase of average mass of fruit. 
Key words: Seabuckthorn (Hippophae rhamnoides L.), correlationships, sex determination and biological 
characteristics. 

  

EARLY DETERMINATION OF THE SEX 

The development and determination of sex in the plants fall into the poorly investigated field of developmental 
biology. At the same time, they have the important theoretical and practical value. Seabuckthorn is a dioecious 
plant. Its male and female individuals have unequal values, from the point of view of their economic uses. Adult 
individuals develop the sexual differences, which can be seen clearly. However in the early stages of their 
development, the male and female individuals, by outer characteristics are not differentiable. Meanwhile, the 
opportunity of quick sex determination during early age, has rather major value for the horticulture and 
silvicultural points of view. 

The studies testify that the sex of the plants depends on the genetic structure, incorporated in the nucleus of 
cell and its development takes place through the hormonal balance of cytokinins and auxins (7). Seabuckthorn 
somatic cells carry 24 chromosomes. The karyotype of the female plants consists of eleven pairs of autosomes 
and one pair of sexual X-chromosomes. The karyotype of the male plants contains 11 pairs of autosomes, one 
X-chromosome and one Y- chromosome. Thus, the species Hippophae rhamnoides L. is a diploid with basic 
chromosome number of n = 12, in which 11 chromosomes are autosomes. The genosome Ө monitors female, 
the chromosome Y monitors male, being heterogamete (37). Moreover, the seabuckthorn falls into mixoploids, 
which, during the growth and differentiation of roots, form cells with various chromosome number (1, 18). 

Studies devoted to early determination of sex in seabuckthorn, have been carried out in three basic directions, 
i.e., morphological, physiological and biochemical characteristics. Reliably to say about sex type of 
seabuckthorn plants is possible only in the third or fourth year on the basis of development of the buds. Male 
plant has the buds, which are much larger than the female. They are coated with many scales, whereas in the 
female, buds are small and coated only with two scales. During the first 2-3 years, it is practically impossible to 
distinguish the male and female individuals by these characteristics. In 1970, V.V. Malinkovsky has offered to 
decide sex in 2-years old the plants, among them, the male individuals prevailing (29). However, in practice, 
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these data were not confirmed. The long-term observations on the seedlings of seabuckthorn have shown, that 
the large seedlings of the upper tier differ from others, not only by height, but also by development (44, 43). 
The part of them begins to fruit in the 3-years of age. However, the early selection of the seedlings on the 
basis of height can result in the destruction of the valuable female plants. The sex of the male plants can be 
decided only after initiation of flower buds in them at the age of 3-years and later. The morphological analysis 
of one-year-old sprouts from the adult plants (average length -40 cm) and from 2-3-years old seedlings 
(average length-15 cm) has shown that the male individuals had smaller number of internodes and buds in 
sprouts than the female plants (45). Mass of 100 buds in the male sprouts varied from 3.3 to 4.8 g, whereas 
the same number of buds in the female sprouts had mass from 0.29 g to 0.39 g. 

The physiological and biochemical examinations, which were been carried out in the adult plants of 
seabuckthorn, have confirmed of essential differences between the male and female individuals (16, 17, 32, 
45). The buds of the male and female plants differ on the content of accumulation and metabolism of 
carbohydrates. Buds of the male plants in the autumn season have more content of starch, which is related 
with more prolonging and intensive photosynthesis in comparison with the female plants. The indirect evidence 
of this opinion is the increase of stability of pigment-protein-lipid complex in the chloroplasts in the leaves of 
the male plants in this season. 

In the branches, both of the male and female individuals, the activity and duration of cambium functioning are 
almost the same. The increments in the height and radius for the growing season of the male individuals are 
lesser than of the female, though it would be logical to expect reverse interrelation, as the stored organic 
matters of female individuals are spent for the fructification. The explanation to the given fact can be found in 
the works of Dzhaparidze works, where he noted, that the female individuals are characterized by more dense 
foliage, greater area of leaf plate and the thickness of mesophyll, higher number of stomata and water content 
in all organs (11). The observation by some workers indicates the availability of close relationship between sex 
of plants and water content in the vegetative organs (11, 16, 17, 32). The adult male trees and their 2-3-year-
old male seedlings differ by the greater water retention in tissues, in comparison with female plants and this 
difference is more strongly expressed in the young plants. 

In one of the experiments with the purpose of establishment of the physiological and biochemical differences 
between the male and female individuals, the water-retaining ability of 1-year-old sprouts in the leafless state 
was studied. The water-retaining ability was studied in branches after 24-hour drying in laboratory. It was found 
that both the female and the male individuals, having generally different water contents, enter wintering with 
almost identical dampness. However, with the coming of the heat in the spring, the female individuals reduced 
water-retaining ability significantly earlier in comparison with male. The difference was so appreciable, that has 
inspired the workers to start the special experiments on the young seedlings to study the use of water-retaining 
ability of the branches in the second half of April, as an index of early diagnostics of sex of plants. 
Unfortunately, the results of these experiments on the young seedlings have not been reported in the literature. 

The studies were devoted to study the interrelation of sex dimorphism with the content of pigments in the 
plants and, in particular, carotenoids. The analysis of the carotenoids in various organs of seabuckthorn has 
shown, that their content is higher in the female plants. Some times, there are differences in the content of 
vitamins in the male and female individuals of seabuckthorn. Some researchers have found sexual differences 
also on other biochemical characteristics (45). In particular, the male individuals contain greater amount of 
amino acids like Aspartic Acid, Glycine and Serine (in total), Threonine, Glutamic Acid, Tyrosine, 
Phenylalanine and Leucine, than the female plants. For the purpose of establishing relationship between type 
of sex of the plants and activity of physiological processes, the numerous comparative examinations of 
photosynthetic rate, respiration and transpiration of male and female individuals of seabuckthorn were carried 
out. The obtained results do not differ by definiteness and stability in relation with age features of the plants of 
different sexes. 

The determination and comparison of respiration and photosynthesis rates of the male and female plants have 
not found legible processes as the attributes to this or that sex, though for the chlorophyll content, the essential 
differences were observed: viz. the female individuals in August (in the conditions of Nizhniy Novgorod region 
of Russia), had 7.0-14.0% more photosynthetic pigment than the male plants (7, 25, 45). In the leaves of 
hybrid monogynopaediums (families), the sex dimorphism by the content of green and yellow pigments is 
expressed weakly (39). The differences in the activity of Ascorbate-oxidase, Peroxidase and Catalase were 
studied. The female plants differ by higher enzymatic activity than the male plants. They have the higher 
activity of Peroxidase (154.4) than the male plants (135.4). Activity of Catalase is similar. These results 
indicate the difference in the activity of oxidation-reduction processes in the female and male plants. Regarding 
to concentrations of cellular sap, contents of protein and polyphenols in the buds, leaves and stems, qualitative 
and quantitative composition of flavonols in leaves, the possible differences between male and female plants 
were not found (14,31,45). 

Unsuccessfully, there was also an attempt to use the passive electrical properties of vegetative tissues for the 
establishment of sexual differences (13, 15). The authors studied electrical resistance of bast of uneven-aged 
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branches of seabuckthorn. For examinations, 4 individuals of seabuckthorn in the age of 7 years from East-
Siberian population were selected. Among them, there were 2 female plants and 2 male plants. There was not 
found statistically reliable differences for the quantity of the electrical resistance between the male and female 
individuals of seabuckthorn. However, final conclusion about an opportunity to use the indexes of electric 
conductivity, as characteristic of sex dimorphism, is possible after carrying out additional experiments for the 
greater number of the female and male individuals, related to one population. Zh.I. Gatin observed the 
interesting regularity. According to his observations, in seabuckthorn, only male plants are infested by the 
aphids (23). However, this finding needs to be tested further. 

The special attention is merited to the examinations of the scientists offering to determine sex of the plants by 
the content of tannic substances in the leaves. Female individuals contain more tannic substances than male 
(27, 33). For the development of method, the property of tannic dyes of the male and female individuals of 
seabuckthorn, poplar, grapes, willows and other species was used to yield clearly discernible color precipitates 
with soluble lead salts (26). It appeared that, having known in test tubes the color precipitates from the leaves 
of male and female individuals of the given species, it is easily possible to compare by color precipitates of 
examined young plants and thus, to determine their sex. The procedure is as following. The amount of the 
fresh leaves of 2 to 5 g, is carefully grinded and is triturated with sand in the mortar. At the completion of 
grinding, the distilled water of 10 ml per 1 g of leaves is added and material is stirred. Then, all the material is 
transferred to the flask and is maintained for 1-2 hrs for the extraction. After that, the material is filtered through 
filter paper. Thus, the obtained extract is used for the analysis. Five ml of the extract is transferred to the test 
tube, where 2 drops of 5% sodium bicarbonate solution (NaHC03) are added, followed by 4 drops of lead 
acetate. After adding of each reagent, the test tube is well shaken. At once, flakes of precipitate are formed in 
a characteristic color i.e., light gray for the male plants (on Oswald scale of colors 2 lc) and deep green (dark-
virescent) for the female plants (on Oswald scale of colors 2 ng). In case of control, the precipitates from the 
leaves of adult plants are used, for which sex is obviously known. 

Therefore, it is possible to establish the fact, that the differences between the female and male individuals of 
seabuckthorn become apparent, both in the morphological and biochemical characteristics. The differences in 
the chemical characteristics are more constant and essential than the structural and morphological differences. 
However, the data accumulated do not yet allow to the selectors to offer reliable and simple methods of early 
determination of sex of seabuckthorn seedlings, in young stage. The observed correlations in the most cases 
are developed much more weakly and can not serve as steady characteristics of the sex difference. Most 
promising among various measures, therefore, it should be recognized to decide the sex by the determination 
of the tannic substances in the leaves. 

  

INTERRELATIONS BETWEEN MORPHOLOGICAL AND BIOCHEMICAL CHARACTERISTICS 

Charles Darwin has showed value of correlative variability of characteristics of the living organisms. He 
generalized huge practical experience on the selection of plants and animals (10). N.I. Vavilov (46, 47) pointed 
out “the doctrine of correlations shifted onto background by conception of organisms as mosaic, again comes 
to proscenium as a result of establishment of genetic cohesion and more profound comprehension of 
connectedness of functions and organs in organism and establishment of morpho-physiological correlations”. 

The correlations of the characteristics in seabuckthorn plants from the scientific and economic points of view 
represent special interest, as this valuable fruit plant quite recently has been introduced into cultivation. The 
study of the natural gene pools of the given species supposes also analysis of the interrelations of its biological 
characteristics. The revealing of correlation of characteristics of the wild-growing and cultivated forms of 
seabuckthorn will help to discover the regularities of evolution and to rationally carry out the selections of this 
species for its cultivation. 

  

CORRELATIONS BETWEEN MORPHOLOGICAL CHARACTERISTICS 

For the acceleration of introduction and selection of seabuckthorn, the analysis of correlations between visually 
estimated morphological characteristics-markers is required. The respective examinations by various workers 
have permitted us to find in seabuckthorn, the essential average correlations between colours of the leaves 
and fruits, strong correlation between degree of prickliness of branches and number of branches in the yearly 
sprouts (lengthy year sprouts, especially on young plants, usually had also greater number of one-year-old 
sprouts, carried the thorns). 

Individuals of seabuckthorn, having branches with light bark and strong downiness, as a rule, have more 
strong prickliness. The forms with similar combination of characteristics are found out in all, till now 
investigated populations of seabuckthorn, but more often in the Caucasian populations (2, 3, 24). Strong 
prickliness of branches, and also abundant covering of bark and leaves by silvery scales, apparently, were 
developed by seabuckthorn during natural selection under exposure to increased insulation and drought. In 
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populations of seabuckthorn in Azerbaijan, Armenia and Pamirs, such individuals also demonstrate the vertical 
orientation (erectility) of leaves. The correlation of sprout length with higher number of thorns has appeared 
stronger on highly thorny forms than less thorny forms and also in Caucasian populations of seabuckthorn in 
comparison with Altai and seaside populations (Kaliningrad region) (24). In the tests of characteristics for the 
selection and genetic studies of seabuckthorn, the linear dimensions of leaf plate can be used. For that, linear 
dimensions (length, width) of leaves can possibly be used in the second half of vegetation period before the 
maturity of fruits. The results of studies in wild seabuckthorn and plantation prove the direct considerable 
correlation between linear dimensions of leaves and fruits. The forms of seabuckthorn with large leaf plate 
have also larger fruits. This relationship is characteristic of both of the large-fruited Altai forms and for small- 
fruited Caucasian seabuckthorn populations (21, 24). 

The strong positive correlation between the weight of the seabuckthorn fruits and seeds was found, but strong 
negative correlation between the weight of the fruits and percentage of the seeds in them was also found in 
most of the cases. Thus, in the investigated populations of seabuckthorn, with an increase of fruit mass was 
followed by an increase in seed mass proportionally, but the proportion of the seeds (percentage of total fruit 
mass) decreased. The coefficients of multiple correlation (R) have shown strong relation of percentage part of 
seeds in fruit mass with degree of prickliness of plants and solid basis (dry substances) in their fruits (for the 
forms of the Armenian population, R = 0.892) and medium connection between the content of carotenoids and 
colours of leaves and fruits (for the forms from the Kaliningrad region, R = 0.622). 

In seabuckthorn population growing in the valley of Kara-Kojsu river (Central Dagestan, 800-900 m above sea 
level), there was found an essential influence of heterogeneity of population in fruits color (28), viz. less 
pigmented (yellow) forms are characterized by smaller mass of seeds and greater mass of pulp, than more 
pigmented ones (orange-red). The obtained results allow us to recommend the selectors and introducers to 
use the mass sampling of seabuckthorn, directed to an increase of pulp mass of fruit of yellow-fruited forms, 
with larger fruits. In the studied populations of seabuckthorn, as a rule, there are no essential correlations in 
the following pairs of characteristics, viz. percentage of seed mass in the crude fruits and length of fruit pedicle, 
leaf index (length/ width) and length of fruit pedicle, leaf index and percentage of seed mass in fruits, leaf index 
and fruit index, leaf index and average fruit mass, length of leaves and length of fruit pedicle, yield of fruits per 
1 m of length of fruiting sprouts and degree of prickliness of plant (number of thorns per 10 cm of sprout 
length) etc. Panteleeva (35) has found that between the length of fruit pedicle, type of its separation from 
sprout and force required for separation of fruit, there is no essential relation. In her opinion, it will allow us to 
conduct selection of seabuckthorn simultaneously for length of fruit pedicle and weakening of its bond with the 
fruit or sprout. 

  

CORRELATIONS BETWEEN MORPHOLOGICAL CHARACTERISTICS OF VEGETATIVE ORGANS AND 
BIOCHEMICAL CHARACTERISTICS OF FRUITS 

The linear dimensions (length, width) of leaf plate and also indexes (length/width) of leaves calculated from 
these dimensions could become convenient test characteristics. Therefore, establishment of direct relation 
between these characteristics and biochemical composition of seabuckthorn fruits has the important value for 
the selection work (21). The analysis of interrelation between the dimensions of leaves and other 
characteristics testifies to the presence of medium negative relationship between the length of the leaves and 
content of vitamin С in the fruits (r = -0.42 at P = 0.999), and also positive interrelation between length of 
leaves and mass of seeds (r = 0.55 at P = 0.999). Width of the leaves was negatively and reliably correlated 
with the content of dry substances and oil in fruits. The correlation coefficient is equal -0.32 ± 0.10 and -0.42 ± 
0.09 respectively. Between width of leaves and weight of seeds, the considerable positive connection (r = 0.64 
at P = 0.999) was observed. The index of leaves at medium level was correlated positively with the content of 
oil in the fruits (r = 0.38 at P = 0.99). 

Some populations of seabuckthorn demonstrate the medium and essential negative reliable correlation 
between length of leaves and content of vitamin С in the fruits (Altai forms of seabuckthorn), content of oil of 
the fruits and seeds (forms of the Caucasian seabuckthorn), between width of leaves and content of oil of the 
fruits and seeds (Altai and South-Kazakhstan seabuckthorn). Caucasian forms of seabuckthorn show the 
positive correlation of medium force between index of leaves and content of oil in fruits, between the content of 
oil of fruits and seeds.  

 

CORRELATIONS BETWEEN MORPHOLOGICAL, QUALITATIVE AND BIOCHEMICAL 
CHARACTERISTICS OF SEABUCKTHORN FRUITS 

The strong positive relationship in the investigated forms of seabuckthorn was observed between the mass of 
fruits and their dimensions (length, diameter) (r = 0.70 and 0.79 at P = 0.999). The correlation coefficient 
between mass and diameter of fruits of the Altai seabuckthorn reached to 0,93 (P = 0.999). For that, the 
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argument in this compared pair of characteristics is the dimensional indexes of fruit, as the direct correlation 
ratio (y/x = 0.87) reliably exceeds reverse correlation ratio (x/y = 0.84). Mass of the fruits is also essentially 
correlated with the mass of seeds in them (r = 0.63 at P = 0.999) (21). There is no essential relationship 
between the average mass of fruit and length of fruit pedicle, between number of fruits from one bud with other 
(3, 24), that confirms reality of existence of seabuckthorn forms having large-fruits, long pedicle and great 
number of fruits from one bud. 

The significant studies have also been carried out on the correlations between the mass of fruits and their 
biochemical composition (4, 5, 21, 24). As a rule, medium to strong negative correlations (r = -0.71 at P = 
0.999) were observed between the mass of 100 fruits and percentage content of dry matters. This strong 
relationship is confirmed by visual observations, i.e., content of dry matter in fruits of large-fruited forms 
growing in more moist habitats usually was much lesser than in the forms with small fruits. However, the small-
fruited forms had higher proportion of seeds in the dry matter of fruits. Strong positive relation was found 
between percentage content of seeds in seabuckthorn fruits and dry matter. Mass of 100 fruits correlated 
negatively with the percentage content of dry matter in them. The increase of volume and mass of fruit of 
seabuckthorn forms often is connected with an increase of water content in pulp of fruits. It probably also 
explains negative relation (or absence of relation) between mass of 100 fruits and percentage content of 
biologically active substances in them. 

Mass of fruits essentially correlates (r = 0.64 at P = 0.999) with the content of seed oil and between mass of 
fruits and content of their oil, the negative relation of medium force (r = -0.35 at P = 0.99) is found. However, 
the Altai forms of seabuckthorn didn’t demonstrate close interrelations between these characteristics. The 
positive relation (r = 0.57, P = 0.999) is noted between mass of seeds and content of oil in them. The forms 
from the Kaliningrad region demonstrated the medium and strong negative correlation between mass of 100 
fruits and content of vitamin C. The dimensions of the fruits are in the same dependence, as average mass of 
fruit with the content of dry matters in fruits and mass of seeds. The positive reliable correlation of medium 
level between the length of fruit pedicle and content of vitamin С (r = 0.46, P = 0.99), carotene (r = 0.34, P = 
0.99) in the pulp of fruits is fixed. 

Relations between the mass of the fruits and contents of vitamin С and carotene of the investigated forms and 
plants of seabuckthorn from Southern Kazakhstan and Altai were not proved statistically. Relation was also not 
found between number of the fruits on one flower bud and mass of fruits (the correlation coefficient for various 
populations changed from -0.01 to 0.03). The majority of the investigated forms didn’t show the essential 
relation between mass of the fruits and length of fruit pedicle. 

The not less important value is represented by correlations between qualitative characteristics (colour of fruits 
and seeds) and biochemical composition of fruits. Information about correlations between qualitative 
characteristics and biochemical composition of fruits is not definite. It is known, that the degree of intensity of 
fruits colour is proportional to the content of carotenoids in their pulp (12, 22, 42, 43). The majority of the 
investigated populations have close positive correlation between colour of fruits and content of carotene in 
their pulp (4, 20, 21, 24, 34, 48). It is important to note that the presence of relation or its absence between 
colour of fruits and content of carotene in their pulp depends on the degree of expression of characteristics. 
Therefore, for example, the forms of seabuckthorn from Altai and Southern Kazakhstan populations are 
distinguished by higher content of carotene, which demonstrates the essential positive relation (r = 0.60 and r 
= 0.47, respectively). At the same time, for Caucasian populations of seabuckthorn with low content of 
carotene, similar interrelation was not statistically proved (21). For all investigated populations of 
seabuckthorn, the forms with darker colour of seeds, had the increased content of oil in the pulp of fruits (24). 

Between the sum of carotenoids and content of β-carotene, a legible positive relationship was also revealed 
(5, 38). It is observed that the forms of seabuckthorn with red fruits, accumulate greater amount of oil (6, 19, 
36). However, in the fruits of hybrid monogynopaediums (families) of seabuckthorn, the relation between the 
content of oil and β-carotene is not steady and therefore can not serve as reliable index for selection (5). The 
similar situation was also observed for the evaluation of dependence between the mass of seabuckthorn fruits 
and their oil content. The positive relation between these indexes was noted by analysis of fruits of hybrid 
monogynopaediums (families) (4). The rather high similar correlation was found in Altai population of 
seabuckthorn (r = 0.721), however relation of mass of fruits with the content of carotenoids has appeared 
negative (24). In seabuckthorn growing in Pamirs, higher oil content and larger mass of fruits are noted in the 
forms with yellow fruits (30). 

Study of an intra-populations correlative variability of separate parts of fruits and also content of oil in their pulp 
and sum of tocopherols for seabuckthorn from Central Dagestan (valley of Kara-Kojsu river, 800-900 m above 
sea level) have allowed to establish correlation of a number of quantitative indexes with colour of fruits (8, 9). 
Some of the forms with smaller intensity of colour (with yellow fruits) had major mass of pulp and greater 
content of oil than forms with more intensively pigmented fruits (with red fruits), which needs to be ascertained 
in various forms. The parallel change of the same characteristics is found for different times of harvesting and 
their positive and reliable correlation in individual variability. Dependence of the content of oil on dry matter in 
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fruits in various directions of variability (individual variability, diversity of forms for colour of fruits, ecological 
and physiological changes during their ripening) testifies to systematic character of established correlations 
and about an opportunity of their use in selection. By removing productive and high-oil cultivars of 
seabuckthorn by the method of mass selection, the workers recommend to take the large-fruited forms with 
yellow colour of fruits. Weak and doubtful correlations were observed between colour of fruits and content of 
vitamin С content of oil in fruits and seeds. The colour of seeds, as a rule, does not correlate or correlates very 
weakly. According to the data of a number of studies in different areas of natural seabuckthorn, the forms with 
more dark colour of seeds have the higher content of oil in pulp (24). However, mathematical calculations for 
use of correlation and regression analyses do not confirm the given point of view (21). 

The correlation coefficients between biochemical indexes of separate parts of fruits essentially varied 
depending on the parentage of seabuckthorn (21). Therefore, for seabuckthorn from Southern Kazakhstan, the 
correlation between the content of dry matters and carotene in the fruits was positive (r = 0.52, P = 0.95), and 
for other populations, it was negative (r = -0.37, P = 0.999). The vitamin С content in the fruits of Altai 
seabuckthorn was negatively correlated with the content of carotene, and for other populations, the positive 
correlation between these characteristics (r = 0.51) was found. It was also found necessary to note 
considerable positive dependence for all investigated populations between the content of dry matters and oil in 
fruits. The correlation coefficient in dependence on parentage of seabuckthorn changed from 0.54 to 0.71. 
Between the content oil in seeds and dry matter, a negative relation (r = -0.56 at P = 0.999) was revealed. The 
considerable positive dependence was found between the content of oil in seeds and content of vitamin С (r = 
0.61, P = 0.999) and carotene (r = 0.68, P = 0.999) in the pulp of fruits. 

The considerable positive correlation between the content of carotene and oil in the fruits is revealed for the 
forms of seabuckthorn from Southern Kazakhstan. In fruits of the small-leaved forms of high-mountainous 
populations of seabuckthorn, it is typical of being considerably high content of vitamin C. It is high enough and 
reliable correlation (correlation coefficient for the forms of Altai seabuckthorn reaches -0.65 at P = 0.999). At 
the same time, large-leaved Kaliningrad plants are not lesser in the content of vitamin С to the high-
mountainous forms. The strong positive relation was observed between the content of dry matters in fruits and 
content of soluble dry matter. For example, for Kaliningrad specimens, it was characterized by the value of D = 
0.70. It is possible with some accuracy on the basis of this relation, to calculate solid mass of fruits of 
seabuckthorn from soluble dry matter, saving, in this manner, the laborious work of drying of fruits. It is 
interesting to note, that for the investigated populations, the averages of the relations of the given indexes 
have appeared almost the same. Apparently, for calculation of these coefficients for each of geographic races 
of seabuckthorn, it is necessary to cluster the forms according to the value of average fruit mass (24). 

The weak, usually non-credible correlations were observed between solid mass in fruits and content of oil, 
carotenoids, vitamins С and total acids (5, 24). The noted components usually did not correlate among 
themselves. The reliable positive relation between the content of vitamin С and total acids was found for the 
forms of Kaliningrad population (r ± mr = 0.604 ± 0.194). Between oil content in fruits and bark of seabuckthorn 
for forms from Armenia and Kaliningrad region, the reliable relation is not revealed. Probably, it is the result of 
differences in composition of the tissues. 

  

CORRELATIONS BETWEEN CHARACTERISTICS DETERMINING SEABUCKTHORN FRUIT YIELD 

The establishment of the interrelations between characteristics and yield of fruits will allow us correctly to 
select the given fruit plant form with the purpose of increasing its productivity. It is possible to estimate 
productivity of seabuckthorn individuals on the basis of integrated characteristics i.e. yield of fruits per length 
unit (1 m) of fruiting sprouts (productivity coefficient). The strong positive correlations of this index are found 
with the number of flower buds and total number of fruits per length unit of fruiting sprout, and also with 
average mass of fruit (24). In the forms from Kabardino-Balkariya (Caucasus), coefficient of multiple correlation 
of this index with number of fruits from one flower bud and with average mass of one fruit was evaluated as 
0.943. In the forms of Caucasian seabuckthorn, usually having the greatest number of fruits per length unit of 
sprout, the productivity factor was more strongly connected to number of fruits than for other forms. 

Mass of fruits from one flower bud is also equally correlated with number of fruits and with average mass of 
one fruit (r = 0.517 and 0.544 respectively). It testifies that the selection of seabuckthorn with the purpose of 
increasing productivity of fruits should be guided simultaneously both by an increase of number of fruits per 
length unit of sprout, and an increase of average mass of fruit. Average mass of fruit did not more often 
correlates reliably with number of flower buds and with fruits per length unit of sprout, though in some cases, 
there were medium and strong negative relations. Apparently, the cultivars of seabuckthorn having large fruits, 
lengthy fruit pedicle and great number of fruits per length unit of sprout can be obtained. 
Between the number of flower buds (per length unit of sprout), which have formed fruits, and number of fruits 
from one flower bud, the wild-growing and cultivated forms of seabuckthorn usually demonstrated medium or 
strong positive relation (24). Therefore, the correlation coefficient for the forms from Armenian population of 
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seabuckthorn has been evaluated as 0.827. These characteristics in morphological structure of plant should be 
considered as homologous, which vary simultaneously. Charles Darwin has mentioned that “the homologous 
parts are inclined to vary in identical direction’' and “when parts are in close correlation one to another, for 
example, seed and the pulp of fruit (whatever was its homologous nature), changes of one part are usually 
accompanied by changes of other, though the degree of them does not always happen identical” (10). 

  

CULTIVAR SPECIFICITY OF CHEMICAL COMPOSITION AND PRODUCTS OF SEABUCKTHORN 
PROCESSING 

During the processing of seabuckthorn fruits, it was observed, that the juice of the studied forms, is differently 
partitioned into layers (phases) during settling (41). In these experiments, there were 7 forms of seabuckthorn. 
The juice of the forms No. 1 and No. 2 was very promptly divided into top layer with pulp and bottom layer, 
completely transparent. The juice of the forms No. 3 and No. 4 also was legibly parted in 2 layers, but was 
settled very much slowly (in the 2-3 days). In this case, the layer with pulp for juice of the form No. 1 amounted 
to 30% of total juice, and of the forms No. 2, No. 3 and No. 4 respectively to 52, 63 and 72%. The juice of the 
form No. 5 was parted in 2 layers indistinctly upper layer with pulp (51%) and lower layer weakly pigmented, 
opaque layer without pulp. 

The juice of the form No. 6 was parted also indistinctly, and the layer with pulp was below in the form of 
amorphous precipitate (53% of total amount), and upper opaque, weakly pigmented. And, finally, juice of the 
form No. 7 homogeneous, brightly pigmented, is not parted even after six-month settling. Characteristically, 
that the juice partitioning in different seabuckthorn forms did not depend on the conditions of cultivation, that is 
the explored characteristic, which reflects the cultivar specificity and represents particular interest for the 
identification of cultivars and technological processing of fruits. 

The electrophoresis analysis of seabuckthorn proteins also merits some attention (40). These studies have 
established heterogeneity of reserve proteins of seabuckthorn seeds, i.e. the Prolamins consist of 18-21 
components, and rapidly migrating zone of protein such as Albumins and Globulins contains 30-32 
components. An electrophoretic spectrum of proteins of fruit pulp (it was analyzed for the lyophilizate of fruit 
pulp without defatting in order to prevent vanishing components in zone of slowly migrating proteins) is less 
heterogeneous and dependent on the cultivar with 3-12 components. In the opinion of the workers, the marker 
proteins can be used for the solution of questions of seabuckthorn selection i.e., identification of cultivars, 
picking up the initial forms and quality control of breeding material. 

  

CONCLUSION 

Therefore, due to the presence of essential correlations of majority studied characteristics, is defined by the 
species features of seabuckthorn and to a lesser degree depends on the attributes of plants to various 
geographic races and populations, apparently, because in different regions, the seabuckthorn occupies the 
same ecological niches. The correlations between various morphological and biochemical characteristics of 
seabuckthorn are reliable on the various levels of significance. Between separate indexes, the correlation is 
lacking. Strong reliable relations connect many characteristics analyzed above. 

On the basis of each of these characteristics, it is possible to give an objective evaluation of other 
characteristics, i.e. to use them as the test-characteristics. In particular, the separate morphological 
characteristics of seabuckthorn can serve for the evaluation of it at the early stages of plant development, and 
also for the evaluation of biochemical composition of the fruits. 

The strength of the relationship between characteristics strongly depends upon the degree of the expression of 
these characteristics. The character of the interrelation between separate characteristics is determined for both 
properties of the genotypes and conditions of environment. For example, the correlations between biochemical 
indexes and mass of fruits essentially vary under the influence of weather conditions. The established 
correlations of characteristics and in many cases their absence, will allow us promptly enough, simple and 
accurate method to make selection of the desired plants, both from the natural populations and hybrid forms. 
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