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A b s t r a c t  
 

Reproductive biology of many cultivated plants has been studied in detail whereas in newly 
introduced, especially arid fodder species, different aspects of flowering, pollination, reproduction, 
seed production, etc., should be understood. Salsola orientalis S.G. Gmel. is a dwarf semi shrub ha-
loxerophyte plant vegetated for a long period (250-254 days), 35-55 cm in height, with the root sys-
tem of the generic type that penetrates the soil to a depth of 5-8 m. The species is extremely 
drought-resistant and tolerant to salt stress so this is a valuable fodder pasture plant in the deserts of 
Central Asia, well eaten by sheep and camels, especially in autumn and winter. Salsola orientalis is a 
polymorphic species consisting of a plurality of intraspecific ecotypes, populations and biotypes 
which differ in environmental sustainability and fodder productivity. S. orientalis is considered prom-
ising for breeding due to intraspecific plant polymorphism on adaptiveness and productivity. Here we 
report the data on flowering, intraspecific diversity of sexual types in population, and seed reproduc-
tive function of S. orientalis. The seeds were collected in arid, geographically and environmentally 
distinct areas of Tajikistan, Kyrgyzstan, Uzbekistan, and sown in the Desert Karnabchul (Uzbeki-
stan, Samarkand region, Karnab). Karnabchul is characterized by hot summers (+40-45 C in 
June-July) and dry climate (annual precipitation of 180 mm with 100-250 mm fluctuations). The 
soil is grey-brown, middle-saline. This study was carried out in the nursery (each plot of 100 m2 in 
size) by the method of A.N. Ponomarev. The number of functionally female flowers on each plant in 
all populations was estimated. The type of pollination was determined in experiments with isolation 
of individual plants and flowers. Embryonless seeds were found among the specimen collected in dif-
ferent eco-geographical areas and in three tested S. orientalis varieties (Pervenets Karnaba, Solnech-
nyi and Salang). The seed of these varieties were divided into three fractions by size (large, medium 
and small) and weight of 1000 seeds. We found that the flowers in S. orientalis were cross-wind-
pollinated. Self-pollination does not occur, since by the time of stamen appearance in bisexual flowers 
the pistil turns brown and dry. S. orientalis flowering begins in June and lasts until mid-July, the hot-
test season. However, the disclosure and the dusting of the flowers occur in the cooler morning hours 
(at a temperature of 25-26 С and relative humidity of 26-65 %). In S. orientalis, self-incompatibility to 
avoid self-fertilization is not limited to dichogamy (i.e., non-simultaneous maturation of male and fe-
male generative structures of hermaphrodite individuals), and also combined with other adaptations to 
cross-pollination. These are the presence of female flowers and intermediate flowers with long stigma 
lobes of the pistil, and emergence of the plants with only functionally female flowers. The cross-
pollination in S. orientalis is provided by both genetic incompatibility and structure of the flower. We 
attributed S. orientalis species to trioecious plants because i) only staminate flowers, ii) hermaphrodite 
and pistillate flowers, and iii) only pistillate flowers were characteristic of the individuals in the popula-
tion. A wide variation on embryoless seed ratio (from 0-2 % to 98-100 %) was found in S. orientalis. 
Hence, selection makes it possible to increase the number of plant with low embryoless seed ratio in the 
population. Similar result can be achieved when using the parental forms with low percentage of em-
bryoless seeds in breeding to obtain population with more frequent female forms. In both cases, you can 
get perspective parental forms for breeding varieties with low percentage of embryoless seeds and in-
creased seed germination. Our findings are essential for development of S. orientalis breeding and seed 
production in the arid zones of Central Asia and Russia. 
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The Russian scientists have notably contributed to plant reproductive bi-
ology [1-3]. Special attention was paid to embryogeny [4], polyembryony [5], 
genetic heterogeneity of seeds [6, 7], embryo autonomy [8], embryological bases 
of androclinic haploidy [9, 10]. These fundamental knowledges were the bases 
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for effective technologies used to create wheat, barley, and sunflower varieties 
and lines [11-13], and to reproduce valuable genotypes of rare plant species for 
preserving their biodiversity and extending resource reproduction [14-16]. Fur-
ther studies concerned the origin of different types of embryonic sacs and ovules, 
fertilization processes, the peculiar morphogenetic structures, seed development, 
and the role of heterospermia in seed reproduction [17-19]. The data elucidated 
the role of position control in the specialization of female gametophyte cells [20, 
21], their capacity for polyembryony, and the cytoembryological mechanisms of 
interspecific and interlinear hybridization in economically important species of 
cultivated plants [22, 23]. The achievements in reproductive biology have be-
come the theoretical basis for effective (innovative) methods in breeding [23, 
24], reproduction of biological resources [25], biodiversity conservation [26] and 
the biotechnologies used to massively reproduce valuable genotypes [27, 28]. 

Though the reproductive biology of many cultivated plants has been 
quite well studied, in introduced species, especially arid fodder plants, bloom bi-
ology, types of pollination, seed reproduction, and other related aspects have 
hardly been investigated [29]. Eastern salsola (Salsola orientalis S.G. Gmel.), a 
haloxerophytic semi-shrub which is widely used to restore the forage productivity 
of degraded pastures in the arid regions of Central Asia and Russia, is among 
these species [29]. Eastern salsola is a perennial plant with a root system of a 
universal type deeply penetrating into the soil, which possesses exceptionally 
high drought tolerance and tolerance to salt stress, serves as a valuable fodder 
plant on the arid pastures of Central Asia, is well eaten by sheep and camels, es-
pecially in autumn and winter seasons [29]. 

Eastern salsola is a polymorphous species consisting of a multitude of in-
traspecific ecotypes, populations and biotypes [29]. Its ecotypes and population 
forms that appeared during evolution in ecologically distinct climatic and edaph-
ic conditions of arid zones are endowed with different adaptive and productive 
potentials. Such ecotype and population diversity on ecological and economical-
ly valuable traits predetermines the possibility of its improvement toward more 
productive drought and salt tolerant varieties. 

Domestic and foreign experience of breeding forage plants indicates the 
success to be largely depending on the knowledge of reproductive biology. In this 
paper we first experimentally established that the Eastern salsola is a cross-wind-
pollinated trioecious species. Cross-pollination is ensured by the system of genetic 
incompatibility and a peculiar structure of the flower. The daily and seasonal 
rhythms of flowering were studied under extremely harsh xerothermal conditions 
of the arid climate of the Central Asia, with the stages of flowers' opening and 
dusting described. Manifestation of the absence of corcule and its dependence on 
the conditions of the year were established. Based on that, we revealed a wide var-
iability of the seeds on this trait and proposed a method for selecting plants in 
which the absence of corcule is low and the rate of seed germination is high. 

Our aim was the study of daily and seasonal flowering rhythms, as well 
as estimation of the intraspecific population diversity on sexual types and seed 
reproduction in Eastern salsola plants in view of its breeding and seed produc-
tion in arid regions of Central Asia and Russia. 

Technique. Eastern salsola seeds which differed in ecological and geo-
graphical origin were collected in arid regions of Tajikistan, Kyrgyzstan, Uzbeki-
stan, and then sown under the conditions of Karnabchul Desert, Uzbekistan, 
Samarkand region, Karnab) in 1998-1999. Plant reproductive biology was stud-
ied in the collection nursery as described by A.N. Ponomarev [30]. A plot size 
was 100 m2 [30]. 

Since June, the flower structure was studied, and the dynamics of flower 
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opening was estimated under field conditions daily from 6.00 a.m. to 8.00 p.m. 
with 15-20 minute interval using loops of different magnification. Simultaneous-
ly, the temperature and the relative air humidity were recorded. Inflorescences 
(25 ones in each of 4 repetitions) and all the flowers in the lower and upper 
parts of the inflorescence were measured in length and width with a millimeter 
tape. The number of flowers per day was counted on 3 medium-sized plants of 
each ecotype. When studying the seasonal flowering rhythm, the number of 
flowers was counted daily from the beginning of flowering to the last flower ap-
pearance 4 times a day (i.e. twice from 6.00 a.m. to 12.00 noon and twice from 
1.00 p.m. to 8.00 p.m.). Flowers of different sexual types were counted on all the 
plants of each ecotype during the entire flowering period. 

The yield of normal seeds was estimated by the number of functionally 
female flowers on each plant in all the populations. First all the flowers, then 
only the female ones were counted upward along the longest second-order gen-
erative shoot. The portion of male and bisexual plants with functionally female 
flowers was calculated. 

When studying pollination type, the whole and half of the plant were en-
closed in a frame, covered on all sides by unbleached calico, and the inflores-
cences were isolated in parchment sacs. After maturing, the seeds were counted. 
To determine the rate of germless seeds in each population, the seeds of the 
longest generative shoot cut from each plant were crumbled into an individual 
paper sachet specifying the sample and plant numbers, and four samples of 100 
seeds from each sachet were placed into separate bags. The bags were left in wa-
ter for a day, then removed and dried. Embryos were squeezed out on the glass 
by light compression. The germless seed percentage was calculated for 100 seeds. 
In the study of germless seeds in the varieties Pervenets Karnaba and Senokosniy 
(All-Union Karakul Research Institute, Samarkand) and Salang (W.R. Williams 
All-Russian Fodder Research Institute), seeds were divided by size into the frac-
tions (large, medium and small), and 1000 seeds of each fraction were weighted. 
Dependence of the germless seed occurrence on the variety genotype and plant 
age was studied in the collection nursery laid in 1990. 

Statistical processing was carried out by dispersion and correlation anal-
yses [31]. 

Results. The climate in the region is continental, with hot and dry sum-
mers and cold winters. Soils are gray-brown, sandy loamy, medium saline of 
chloride-sulfate type. The average annual air temperature is +16 С, in June-
July in the shade it reaches +40-45 С, in January it drops to 18 ...20 С. The 
annual atmospheric precipitation amounts 180 mm with fluctuations of 160-250 
mm in years. The origin of the samples is also shown in Table 1. 

1. Samples (ecotypes) of Eastern salsola (Salsola orientalis S.G. Gmel.) used in the ex-
periments, and growing conditions 

Accession 
number 

Origin  Soils 
Average annual 
precipitation, mm 

k-9 Tajikistan, Leninabad region, settlement 
Farab, foothill semi-desert 

Light gray, loamy, slightly saline soils  
290 

k-10 Tajikistan, the town of Kanibadam, set-
tlement Kutkan, foothill semi-desert 

Gray, loamy, slightly saline soils of 
sulfate-chloride type 300 

k-11 Tajikistan, the suburbs of Kurgan-Tube 
(point 1), foothill semi-desert 

Light gray, loamy, medium saline soils  
280 

k-12 Tajikistan, the suburbs of Kurgan-Tube 
(point 2), foothill semi-desert 

Light gray soils, sandy loamy, slightly 
saline soils 280 

k-13 Kyrgyzstan, the suburbs of Tash-Kumyr, 
foothill plains 

Light gray, loamy-gravelly soils 
270 

k-14 Uzbekistan, Namangan region, Chust 
district, the foothill semi-desert 

Light gray loamy soils 
290 

k-15 Tajikistan, Aini region, settlement Asht, 
foothill plains 

Light gray, loamy, slightly saline soils 
230 
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Table 1 (Continued) 

k-16 Kyrgyzstan, the town of Talas, settlement 
Bulak, foothill semi-desert 

Middle gray loamy soils 
310 

k-17 Kyrgyzstan, Osh region, settlement Hay-
darkan, foothill semi-desert 

Typical gray, loamy, slightly saline 
soils 320 

k-18 Tajikistan, the suburbs of the town of Is-
fara, settlement Gorka, foothill plains 

Light gray loamy, medium saline soils  
285 

 

Flowers of the Eastern salsola form paniculate inflorescences, one by 
one, are bisexual, sessile, with a spiral arrangement. A pistil appears a little bit 
earlier then the stamens. The calyx consists of five membranous light-green sep-
als, folded like in corn cob, partly overlapping one another, and having hairs. 
Calyx is not opening, has five free stamens, located around the base of the pistil. 
When the stamens appear, the anthers are considerably removed from the pistil. 
Stamens are the same in size. Stamen filaments are white in color, and round in 
cross section. Anthers are yellow, cream and pink. There is one pistil (without a 
post) per flower. Stigma is bilobate with a lot of papillae. Ovary has the upper 
location. When flowering, the calyx remains closed, resembling a cone in the 
neck of which the stamen filaments are grouped. In windless weather, the pollen 
fell on the stigma of its own pistil. On the pistil of not blossoming buds, one 
could see numerous papillae with pollen grains. Therefore, the pistil, even before 
the release of the stamens in its flower, possessed a sufficient amount of pollen 
from the flowers of neighboring plants. 

The flowering of the Eastern salsola in the Karnabchul desert began in 
May and lasted until mid-July, in the hottest period when the air temperature 
rose to 40-41 С, and the relative humidity dropped to 6-7 %. However, the 
opening and dusting of flowers occurred in the morning, at an air temperature of 
25-26 С and a relative humidity of 26-65 %. On the growing generative branch-
es, along with acropeatel flowering, new buds continued to appear. In October, 
mature winged seeds with a developed spiral-twisted embryo appeared. The peak 
flowering was from the end of June to July. The flowers were protoginic, and 
flowering proceeded as follows. First, a bilobate, strongly pubescent stigma was 
seen from the perianth. On days 2 to 3 from 6.30 to 7.30 a.m., stamen filaments 
began to grow rapidly, carrying brightly colored anthers out of perianth. Flower-
ing proceeded at an increasing rate, with a maximum opening of flowers at 8.30-
9.30 a.m., and ended with the appearance of single flowers by 12.30 to 1.00 p.m. 
The extension of anthers and dusting occurred 40-50 minutes after the opening 
of floral scales. Each anther burst with a longitudinal crack and began to dust. 
The dusting was copious and fleeting, i.e. 10-15 minutes on warm days, 30-40 
minutes in cloudy ones. The flower remained open for 5-6 hours. 

We distinguished the following subphases in the flowering of Eastern 
salsola: the appearance of the stigma of the pistil (female subphase) (2-3 days); 
stamens dusting (1.0-1.5 hours); the end of flowering, the flower closing (4-7 
hours). On the shoots there were flowers in different stages of flowering: some 
just exposed stamens, some began to dust, some intensively dusted, some were 
completely free from pollen, and some were closed (returned to their original 
state) and grouped pollen-free brown stamens in its center. Thanks to this char-
acter of blossoming, a more effective pollination and, consequently, fertilization 
can be achieved. 

Based on flower structure and the presence of plants with a complete ab-
sence of bisexual flowers, the Eastern salsola can be referred to wind-pollinated 
species with cross pollination. Self-pollination did not occur, because by the 
time the stamens were released from the bisexual flowers, their pistil has turned 
brown and dry. It is known that in angiosperms the homomorphic incompatibil-
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ity of species is most common, when populations are homogeneous on the flow-
er characteristics. Homomorphic incompatibility is reported in such large groups 
as the family Compositae, Cruciferae, Gramineae, Leguminosae, Rosaceae and 
Solanaceae; in the genus Salsola (family Chenopodiaceae) the homomorphic in-
compatibility has also been found [1, 4]. 

The experiments in which we isolated the whole plant or a half of the 
plant indicated cross-pollination in the Eastern salsola, as the seeds were not 
produced in both variants (Table 2). 

2. Seed formation in Eastern salsola (Salsola orientalis S.G. Gmel.) plants cultivat-
ed under the conditions of wormwood-ephemeral of Karnabchul Desert (Mm, 
Uzbekistan, Samarkand region, arid year with average annual precipitation of 
130 mm) 

Variant  Bud number Normal seed number 
N o  i s o l a t i o n  

Whole bush 6.60±0.60/100 5.40±0.49/100 
Half of bush  4.37±0.50/100 3.80±0.34/86.9 

U n d e r  i s o l a t i o n  
Whole bush 8.90±1.40/100 0 
Half of bush  2.13±0.29/100 0 
N o t å. The absolute values (pcs), and relative values (%) are shown before and after the slash, respectively. 

 

Most studies of plant reproduction are focused on self-incompatibility as 
the key point in the genetic control of reproduction in cross-pollinated species. 
However, pollination mode, the life cycle of a flower, its sexual type and struc-
ture are of no less importance in providing cross-pollination and reliable func-
tion of incompatibility systems in wind-pollinated species. Obviously, only com-
bination of all these features makes the base for cross-pollination and, as a con-
sequence, provides complex heterozygosity in the population [1, 12, 18]. 

It is known that in some arid fodder plants [29], e.g. Kochia prostrata 
(L.) Schrad. and Salsola orientalis, the self-incompatibility which prevents self-
fertilization, is not limited to dichogamy (non-simultaneous maturation of male 
and female generative structures), but is combined with other adaptations to 
cross pollination, i.e. the presence of female and transitional forms of flowers 
with long lobes of the pistil stigma. 

At flowering, in the Eastern salsola female plants, unlike hermaphrodi-
tous ones, the calyces were intensively green and did not open. In case of plant 
bisexuality, the bisexual flowers were light yellow and orange in the morning, 
and only after a complete pollination, when the sepals closed, they again turned 
greenish. These differences made it easy to detect sterile plants. In addition, the 
flower of a sterile plant was more like a bud having a bilobate pistil which was 
1.0-1.5 times larger than the pistil of a fertile plant. In sterile forms, anthers in-
side the calyx did not crack and remained unclosed until the seeds ripened. Pol-
len coloration was from light yellow to white. The anthers of sterile plants were 
smaller in size and shrunken, the pollen was not spherical in shape and less in 
diameter as compared to fertile pollen (7-9 mm vs. 29-31 mm). Thus, a distyly 
may be assumed in some Eastern salsola populations, when there are plants of 
the first type with short stamen filaments and very elongated lobes of the pistil 
stigma, and those of the second type with relatively high stamen filaments, large 
anthers and short stigma lobes. According to available data [20, 32], heterostyly 
in other flowering plant species is related to dioeciousness. The short-pistil plants 
with short stigma lobes and the long-pistil plants (or those with oblong lobes) are 
analogs of male and female forms, respectively. 

A significant increase in the number of pistillate flowers of the Eastern 
salsola was observed in a wetter year (Table 3). The lack of moisture inhibited 
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the formation and development of female flowers and led to the predominance 
of male flowers. Optimum hydration, on the contrary, contributed to an increase 
in the number of female flowers and a change in the flower proportion on the 
plant in their favor. This led to a significant increase in the seed production per 
plant and, consequently, in the total seed yield. 

3. Percentage of functionally female flowers in the populations of Eastern salsola 
(Salsola orientalis S.G. Gmel.) of different ecogeographic origin in contrasting 
years (collection nursery, Uzbekistan, Samarkand region) 

Accession  
number 

Plant density,  
psc per 100 m2 

Year 1 (arid, average annual  
precipitation of 130 mm) 

Year 2 (humid, average annual 
precipitation of 283 mm) 

on average limits  on average limits  
k-9 18 28 15-50 36 20-55 
k-10 82 36 8-65 44 26-58 
k-11 82 41 10-63 49 12-90 
k-12 14 24 10-48 34 19-60 
k-13 13 24 13-41 32 20-60 
k-14 58 47 19-71 55 32-86 
к-15 26 36 15-63 47 36-70 
k-16 66 47 9-82 53 20-98 
k-17 56 43 15-72 52 30-89 
k-18 30 40 13-73 44 28-64 

 

As cultivars are usually more homogeneous in morphological and eco-
biological characteristics, we studied the occurrence of germless seeds in three 
varieties of Eastern salsola. The seed size in the Pervenets Karnaba plants ranged 
from 6.2 (large) to 3.8 mm (small), and the 1000 seed weight was 7.4-5.4 g. A 
similar relationship between the seed size and weight was observed in the Seno-
kosniy and Salang varieties. Fractions of middle-size seeds with intermediate 
1000 seed weight value had a greater field germination rate as compared to 
large- and small-size seed fractions (Table 4). Mainly, this is due to the fact that 
in large-size fractions low-quality seeds were quite frequent, while among the 
relatively small seeds one could find those of good quality. 

4. Seed germination in Eastern salsola (Salsola orientalis S.G. Gmel.) varieties, as 
influenced by seed size (collection nursery, Uzbekistan, Samarkand region, in the 
arid year with an average annual precipitation of 130 mm) 

Variety  Fraction  Seed size, mm 1000 seed weight, g Field seed germination, % 
Pervenets Karnaba Large 

Middle 
Small 

6.2 
5.3 
3.8 

7.4 
6.2 
5.4 

13.5 
20.0 
4.3 

Senokosniy Large 
Middle 
Small 

5.7 
4.6 
3.8 

7.0 
6.6 
5.0 

11.7 
13.5 
6.8 

Salang Large 
Middle 
Small 

6.5 
5.8 
4.0 

8.4 
7.2 
6.4 

14.5 
15.8 
7.0 

 

One of the causes influencing relationship between seed size and weight, 
on one side, and their germless character, on the other side, could be the seeds 
insufficiently filled during growing and have a shrunken or shriveled appearance. 
This feature of seeds, despite the importance, has been little studied due to the 
lack of fairly simple and reliable tests. 

In our experiments, the mean rate of germless seeds in the wild East-
ern salsola plants varied in two years from 48 to 76 % and from 46 to 64 % 
(Table 5). In the humid year, the percentage in all the samples was 2-19 % 
lower than in the arid year, at that, the plants could be found in which all 
the seeds contained germs, while in some other plants all the seeds were 
germless. Plants with zero level of germless seeds belonged to k-10, k-11 and 
k-18 populations (Tajikistan), k-14 population (Uzbekistan) and k-13, k-17 
populations (Kyrgyzstan). 
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5. Percentage of germless seeds in Eastern salsola (Salsola orientalis S.G. Gmel.) 
plants of different ecogeographic origin in contrasting years (collection nursery, 
Uzbekistan, Samarkand region) 

Accession  
number 

Plant density,  
psc per 100 m2 

Year 1 (arid, average annual  
precipitation of 130 mm) 

Year 2 (humid, average annual  
precipitation of 283 mm) 

on average limits  on average limits  
k-9 18 66 52-85 64 19-96 
k-10 82 64 17-95 52 0-100 
k-11 82 69 27-90 51 10-90 
k-12 14 76 57-90 57 26-80 
k-13 13 48 49-77 62 26-88 
k-14 58 56 29-90 48 4-98 
k-15 26 69 29-75 55 34-74 
k-16 66 56 18-91 52 8-98 
k-17 56 57 28-98 46 0-100 
k-18 30 54 27-87 50 18-84 

 

6. Seed yield (SY, g) and germless seed rate (GLR, %) in Eastern salsola (Salsola 
orientalis S.G. Gmel.) varieties during plant ageing (collection nursery, Uzbeki-
stan, Samarkand region) 

Variety 
Plant age 

1 year  2 years 3 years 8 years 
LSD05 SY GLR SY GLR SY GLR SY GLR 

Senokosniy 4.7 41.9 13.7 49.5 48.7 52.0 154.7 57.8 3.9 
Salang 3.8 40.9 19.3 45.0 40.7 52.3 136.5 62.2 2.5 
Pervenets Karnaba 5.5 46.9 – – 49.7 47.7 144.7 65.5 3.6 
N o t å. Dashes mean no data. 

 

With the age of plants, the germless seed rate elevated from 41.9 to 
65.5 %, and the differences between extreme values in most varieties were signif-
icant (Table 6). The lowest value was found in Senokosniy variety, with 41.9 % 
germless seeds in 1-year old plants and 57.8 % germless seeds 8-year old plants. 
Also, individual plant seed productivity in all the varieties increased constantly, 
depending on age (see Table 6). In 1-year old plants, it ranged from 3.8 to 5.5 g 
per plant, and increased 26-fold and 35-fold in 8-year old plants of Pervenets 
Karnaba and Salang variety, respectively. An inverse relationship was found out 
between the seed productivity and the presence of embryo in seeds. With the rise 
of seed productivity as plants grew older, the germless fraction of their seeds in-
creased. 

Thus, Eastern salsola (Salsola orientalis S.G. Gmel.) plants are cross-
wind-pollinated. Self-pollination is not observed, since by the time the stamens 
are released from bisexual flowers, the pistil becomes dry. Blossoming of Eastern 
salsola begins in May and lasts until mid-July in the hottest period, however, the 
flower opening and dusting occur in the morning hours at a temperature of 25-
26 С and relative humidity of 26-65 %. Self-incompatibility, which prevents 
self-fertilization, is provided by dichogamy, and the presence of female and tran-
sitional flowers, as well as the plants with only functionally female flowers. Reli-
able cross-pollination is due to both incompatibility systems and the peculiar 
features of flowers. The detection of female plants among the Eastern salsola 
populations allows us to classify this species as trioecious, since in the population 
of this semi-shrub plants there are individuals with only staminate flowers, with 
hermaphroditic and pistillate flowers, and with the pistillate flowers only. The 
average amount of germless seeds varies from 48 to 76 %. Variability in this fea-
ture (from 0-2 % to 98-100 %) makes a wide background for section of plants 
with very low percent of germless seeds to increase their number in the popula-
tion. A similar result can be achieved by crossing plants with low germless seed 
proportion to obtain populations enriched with female forms. In both cases, it is 
possible to create promising parental plants for breeding varieties low in germless 
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seed percent and high in laboratory and field germination rate 
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