Danube seabuckthorn population – source of male forms valuable for selection
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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.
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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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