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Актуальность. Проростки маша (Vigna radiata (L.) 
R. Wilczek) отличаются высокой пищевой ценностью 
и очень популярны в мире, так как являются источником 
питательных и биологически активных веществ. 
В России употребление в пищу проростков V. radiata 
только начинает развиваться. Для выращивания этой 
культуры на микрозелень в производственных условиях 
необходимо иметь сорта, характеризующиеся быстрым 
развитием и большим весом ростков. В связи с этим це-
лью нашей работы стало изучение влияния условий вы-
ращивания и генотипа на морфофизиологические пока-
затели семян и проростков. Методы. Исследованы образ-
цы из коллекции маша ВИР. Про ведена оценка энергии 
прорастания, всхожести, силы роста, морфологических 
признаков семян и проростков у 16 000 растений. Изу-
чены семена четырех репродукций – Астраханской (2015, 
2017 г.), Кубанской (2005 г.) и Адлерской (2016 г.) опыт-
ных станций ВИР. Влияние условий выращивания и гено-
типа на морфофизиологические показатели устанавли-
вали с помощью одно- и двухфакторного дисперсионно-
го анализа. Изучение взаимосвязей между признаками 
проводили с применением корреляционного и компо-
нентного анализов. Результаты. Наиболее сильно на 
морфофизиологические признаки семян и проростков 
действуют индивидуальные особенности образцов, сла-
бее – погодные условия, место и год репродукции. По сев-
ные качества семян больше зависят от числа осадков, вы-
павших во время вегетации, чем от суммы активных тем-
ператур. В сухих условиях формируются семена с лучшей 
всхожестью, энергией прорастания и силой роста. Вы де-
лены образцы, имеющие стабильные и высокие показа-
тели энергии прорастания, всхожести, силы роста и веса 
проростков. 

Ключевые слова: маш, энергия прорастания, всхожесть, 
сила роста семян, влияние эколого-географических усло-
вий, изменчивость морфологических признаков.

Background. Mung bean (Vigna radiata (L.) R. Wilczek) 
sprouts are of high nutritional value and are very popular in 
the world, as they are a source of nutrients and bioactive 
compounds. In Russia, the consumption of V. radiata sprouts 
is only beginning to develop. Growing this crop for micro-
greens on a commercial scale requires cultivars with a rap-
id development rate and higher weight of sprouts. With this 
in view, the aim of this research was to study the effect of 
growing conditions and the genotype on morphological and 
physiological parameters of mung bean seeds and sprouts. 
Methods. Mung bean accessions from the VIR collection 
were analyzed. Germination energy, seed germination and 
seed vigor, and morphological characteristics were evalu-
ated in seeds and sprouts of 16,000 plants. Four plant repro-
ductions grown at Astrakhan (2015, 2017), Kuban (2005) 
and Adler (2016) Experiment Stations of VIR were studied. 
The effect produced by growing conditions and the geno-
type on morphological and physiological parameters of 
plants was identified using one- and two-way analyses of 
variance. Correlations between the traits were assessed us-
ing correlation and component analyses. Results. Specific 
individual features of the accessions produced the stron-
gest effect on morphological and physiological characteris-
tics of seeds and sprouts; weather conditions, the place and 
year of reproduction, to a lesser extent. Sowing quality of 
seeds depended more on the precipitation amount during 
the growing season than on the sum of active temperatures. 
When formed under dry conditions, seeds manifested bet-
ter seed germination, germination energy of seeds, and seed 
vigor. Accessions with high and stable levels of seed germi-
nation, germination energy, and seed vigor, and weight of 
sprouts were identified. 

Key words: mung bean, seed germination, germination en-
ergy of seeds, seed vigor, effect of ecogeographic conditions, 
variability of morphological characters.

 The effect of growing conditions and the year of reproduction 
on sowing qualities of seeds, morphological and physiological 
characteristics in sprouts of Vigna radiata (L.) R. Wilczek

Introduction

Mung bean (Vigna radiata (L.) R. Wilczek) is a multipur-
pose crop, widespread in the countries of Southeast Asia and 
in the arid regions of Africa and Australia. In the Russian 
Federation it has been cultivated on small areas in the south-
ern parts of the country. This crop is grown for seeds, sprouts 
and beans, used to prepare porridge, soups, or vege table ac-

companiments. Mung bean dishes enrich the human diet not 
only with proteins, carbohydrates or micronutrients, but also 
with essential amino acids, such as lysine, known to be defi-
cient in cereals (Shi et al., 2016). Nutritive value is found not 
only in seeds, but also in sprouts: because of their low glyce-
mic index they are often used in various diets. Like seeds, they 
are a source of numerous nutrients. They contain flavonoids, 
phenolic acids, organic acids, amino acids, carbohydrates, and 

ОРИГИНАЛЬНАЯ СТАТЬЯ • ORIGINAL АRTICLE

73PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING 181 (2), 2020



lipids. Metabolites in mung bean sprouts are biologically ac-
tive and possess antioxidant, antimicrobial, anti-inflammato-
ry, antidiabetic, antihypertensive, antitumor and other health-
friendly properties. That is why ordinary food prepared from 
mung bean seeds or sprouts is regarded and used as a medi-
cation (Tang et al., 2014, Ullah et al., 2014). 

Mung bean sprouts (microgreens) are a very popular food 
among both Europeans and Americans because it serves as 
a source of minerals and vitamins and its production does not 
require much acreage, inputs or time (Ebert, 2015; Kyriacou 
et al., 2016). Sprouts are sold fresh or canned (Pataczek et al., 
2018). From 2014 through 2018, the total imports of mung 
bean seeds to Europe to produce sprouts have been 21–27 
million tons (Market Access Database, 2018). In 2017, the 
main suppliers were Myanmar (14.4 million tons), China 
(3.8), and Australia (1.8). 

In Russia, mung bean sprouts have only recently started 
to be part of the diet. To cultivate V. radiata on a large scale for 
microgreen production, it is essential to have cultivars with 
high plant growth vigor, rapid development rate, and ability 
to produce large amounts of sprouts. 

Seeds with high sowing qualities are quicker to form 
sprouts. Seed vigor is associated with the growth, develop-
ment and productivity of plants grown from them (Lik hachev, 
1984). It is known that seed germination, germination energy 
of seeds, and seed vigor in many pulse crop seeds depends on 
cultivar-specific differences and growing conditions 
(Adamova, 1971a; Likhachev, Shevchenko, 1975; Rakovskaya 
et al., 2019). 

Considering all this, the aim of our research was to analyze 
the effect produced by seed growing conditions, periods of 
seed conservation, and specific features of varieties (geno-
type) on the indicators of seed germination, germination en-
ergy, and seed vigor as well as on morphological characters of 
mung bean sprouts. 

The research objectives included: 
1. studying the variability in germination energy, seed 

germination, and seed vigor when seed accessions were re-
produced under different ecogeographic conditions;

2. assessing the variability of morphological and agro-
nomic characteristics in sprouts (in the phase of first leaf de-
velopment) grown from seeds in different sites of reproduc-
tion;

3. analyzing the effect of the genotype, weather condi-
tions, place and year of seed reproduction on the studied indi-
cators in seeds and sprouts;

4. identifying mung bean accessions with high and stable 
levels of the development (growth) and weight of sprouts.

Materials and methods

The accessions of Kenyan origin from the mung bean 
collection held by the N.I. Vavilov Institute of Plant Genetic 
Resources (VIR) served as the material for our experiments. 
The seeds selected for the study were grown under differ-
ent ecogeographic conditions at three branch stations of 
VIR: Kuban Experiment Station (KES) in 2005; Astrakhan 
Experiment Station (AES) in 2015 and 2017; and Adler 
Experiment Station (AdES) in 2016. 

The areas where the seeds were reproduced differed in 
their soil and climate environments. AES is situated in 
Astrakhan Province, in the area of insufficient humidity. 
Soils on the experimental plot are alluvial-meadow heavy 
loams. The summer is hot and dry. The sum of active tem-
peratures in 2015 was 3945.5°С; in 2017, 3915.7°С; precipi-
tation amount from April to October in 2015 was 92.8 mm; 
in 2017, 103.0 mm (Fig. 1). KES is located in the steppe area 
of the Kuban Plain, Krasnodar Territory. Soils in the sta-
tion’s zone are represented by massive Ciscaucasian cher-
nozems developed on forest-like loam carbonate. The cli-
mate in the station’s vicinity is warm, moderately continen-
tal, with hot summers, insufficient humidity, and extreme 
instability in all climatic data elements. In 2005, the sum of 
active temperatures reached 3751.4°С; precipitation 
amount from April to October was 346.8 mm. AdES is situ-
ated in Adlersky District, City of Sochi, on the shore of the 
Black Sea. The earth in the vicinity is represented by yellow 
and red soils. The climate in the station’s area is humid sub-

Fig. 1. The sums of active temperatures and precipitation amounts during the growing season in the years of seed 
reproduction at the Experiment Stations of VIR: KES – Kuban Experiment Station, AES – Astrakhan Experiment Station,

AdES – Adler Experiment Station
Рис. 1. Сумма активных температур и количество осадков, выпавших за вегетационный период в годы 
размножения семян на опытных станциях ВИР. KES – Кубанская опытная станция, AES – Астраханская 

опытная станция, AdES – Адлерская опытная станция
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tropical, with a hot and humid climatic summer. The sum of 
active temperatures in 2016 was 4094.7°С, with the precipi-
tation amount from April to October 778.7 mm. 

Sums of active temperatures and precipitation amounts 
were calculated using the weather report data provided by 
the All-Russia Research Institute of Hydrometeorological 
Information – World Data Center (RIHMI–WDC, 2020).

Germination energy of seeds and seed germination were 
measured according to the guidelines approved for grain le-
gume crops (GOST 12038-84). Seeds were germinated in 
rolls under laboratory conditions at a constant temperature 
of +20°С. They were placed on two layers of filter paper 
sized 20 × 100 cm (± 2 cm), 5 cm below the upper edge of 
a sheet. From above, the sample was covered with a band of 
moistened filter paper of the same size. Then, the seeds 
placed between paper layers were rolled up into a roll and 
inserted vertically into a seed germinator. Seed vigor was 
analyzed on the basis of B.S. Likhachev’s technique devel-
oped for cereal crops (Likhachev, 1975). Seed germination 
energy indicators were recorded on the 4th day, seed vigor 
on the 5th, seed germination and seed hardness on the 10th. 
Germination energy, seed germination, and seed vigor were 
calculated in percent form. Morphological characters of the 
sprouts (their wet and dry weight, lengths of the root, stem 
and first leaf, stem diameter) were examined on the 10th 
day. For each accession of the collection, 1600 plants were 
analyzed (100 seeds in 4 replications from each reproduc-
tion). All in all, 16,000 plants were evaluated. 

Statistical processing of the data obtained was per-
formed using the software package Statistica 10.0 (http://
statsoft.ru). To study the relationships between characters, 

Table 1. Variability of plant growth and development indicators in the early stages of ontogenesis in the accessions 
of Vigna radiata at the Kuban, Astrakhan, and Adler Experiment Stations of VIR (2005, 2015–2017)

Таблица 1. Изменчивость показателей роста и развития растений на ранних стадиях онтогенеза у образ-
цов Vigna radiata на Кубанской, Астраханской и Адлерской опытных станциях ВИР (2005, 2015–2017 гг.)

correlation analysis was applied (r = the Pearson correla-
tion coefficient). The following scale was accepted for cor-
relation coefficients: very strong, r > 0.90; strong, 
0.90 > r > 0.70; medium, 0.70 > r > 0.50; and weak, 
0.50 > r > 0.30. Factor analysis (employing principal compo-
nents) was applied to disclose the variability and structure 
of relationships among characters.

Statistical significance of the effect produced by the gen-
otype, weather conditions and reproduction sites on the 
studied characteristics was determined using one-way and 
two-way analyses of variance. Following Fisher’s model, the 
percent of the factor’s effect size (η2, %) was calculated ac-
cording to the formula (Ivanter, Korosov, 2003):

 where η2, % is the effect size percentage; SSfactor is the 
sum of squared deviations for a factor; SStotal is the total sum 
of squared deviations. 

Results and discussion

Our research has shown that the mung bean accessions 
from Kenya demonstrate high variability in their growth 
and development indicators in the early stages of plant on-
togenesis (Table 1). Strong variations were observed in 
morphological (root length, stem length, leaf length, and 
stem diameter) and agronomic (1000 seed weight, and 
sprout weight) characters as well as in physiological ones 
(germination energy of seeds, seed germination, and seed 
vigor). 

Indicator Minimum value Maximum value
Mean value,

error of the mean

Germination energy of seeds, % 18.00 100.00 75.89 ± 0.78

Seed germination, % 22.00 100.00 80.31 ± 0.70

Seed vigor, % 0.00 96.00 45.81 ± 1.16

Seed hardness, % 0.00 30.00 3.22 ± 0.22

1000 seed weight, g 24.00 138.00 50.83 ± 0.87

Wet sprout weight, g 0.13 0.60 0.34 ± 0.01

Dry sprout weight, g 0.01 0.06 0.03 ± 0.0004

Sprout stem length, cm 2.80 17.60 8.51 ± 0.01

Sprout root length, cm 2.00 19.20 11.67 ± 0.12

Sprout stem diameter, mm 1.00 5.00 2.48 ± 0.03

First leaf length, cm 0.50 3.10 1.75 ± 0.14
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The studied characters varied greatly across the places 
of seed reproduction (Fig. 2). Practically all measured indi-
cators showed the best values in the seeds and sprouts pro-
duced in Astrakhan Province (AES). Those accessions had 
the highest germination energy, seed germination, and seed 
vigor. They also exceeded accessions grown at other sites in 
the weight of wet sprouts, stem and root lengths, but in the 
first leaf length they were the best only in 2015. Seeds re-

Fig. 2. Variability of growth and development indicators in the sprouts of Vigna radiata grown from seeds repro-
duced in different soil and climate environments

Рис. 2. Изменчивость показателей роста и развития проростков Vigna radiata, выращенных из семян, 
репродуцированных в разных почвенно-климатических условиях

produced at the Kuban Experiment Station had the highest 
weight of 1000 seeds, but the sprouts germinated from them 
demonstrated lower values of root, stem and leaf length, 
and wet sprout weight. The exceptions were stem diameter 
and dry sprout weight: these indicators showed higher val-
ues than in the sprouts grown from the seeds of other repro-
ductions. The worst values were observed in the seeds and 
sprouts produced in Adler (AdES). 
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er, did not depend on the site of seed reproduction. In our 
experiment, this indicator was stronger influenced by the 
genotype (effect size η2 = 42%), and to a lesser extent by the 
year of seed reproduction (η2 = 1%). 

Two-way analysis of variance, undertaken to disclose 
associations between the year of seed reproduction and the 
genotype, and the variability of morphological and agro-
nomic characters, showed that the latter were more affect-
ed by the genome of an accession than the year of its repro-
duction (Table 3). The effect size of the genotype, produced 
on 1000 seed weight, was 58%; on wet and dry sprout 
weight, 65 and 57%, respectively; on root, leaf and stem 
lengths, 33, 31 and 34%, respectively; on stem diameter, 
25%. The genotype and the year of seed reproduction had 
almost the same effect on the variability of sowing quality 
indicators in mung bean seeds (germination energy, seed 
germination, and seed vigor): their effect size varied within 
the range of 24 to 36%.

According to the results of a one-way analysis of vari-
ance, the site of seed reproduction rendered an effect on the 
growth indicators of seeds and sprouts in a similar way as 
with the year of their reproduction (Table 4). Tukey’s test 
showed that soil and climate conditions at AdES and KES 
had an almost similar effect on the studied indicators, while 
AES was significantly different. In the context of the ana-
lyzed set of morphological and physiological characters, the 
seeds delivered from Astrakhan Province were much better 

Fig. 2. Variability of growth and development indicators in the sprouts of Vigna radiata grown from seeds repro-
duced in different soil and climate environments

Рис. 2. Изменчивость показателей роста и развития проростков Vigna radiata, выращенных из семян, 
репродуцированных в разных почвенно-климатических условиях

In our experiment, significant differences in morpho-
logical, biological and agronomic characteristics were reg-
istered between different accessions as well (Table 2). 

The best mean values (calculated for all versions of the 
experiment) of germination energy and seed germination 
were found in accessions k-14436, k-14401, k-14408 and 
k-14451, while k-14407, k-14436 and k-14403 were the best 
in seed vigor. Among those accessions k-14407 deserves 
a special mention as it stably demonstrated good seed 
growth values regardless of the year or place of seed repro-
duction. The highest seed hardness was observed in 
k-14416; the same accession showed low levels of germina-
tion energy, seed germination, and seed vigor. An analogous 
pattern of the abovementioned indicators was obvious in 
k-14421. High values of root length were identified in acces-
sions k-14408, k-14436 and k-14438; stem length, in k-14408; 
leaf length, in k-14408, k-14438 and k-14403; stem diameter, 
in k-14401, k-14438 and k-14403; wet sprout weight, in 
k-14408, k-14438, k-14403 and k-14436; dry sprout weight, 
in k-14408 and k-14403. The best accessions in the entire set 
of indicators were k-14408, k-14403 and k-14438. 

To check the significance of the effect produced by the 
genotype, place and year of reproduction, and weather con-
ditions on the tested indicators, factorial analysis of vari-
ance was applied (Tables 3–6). Its results showed that the 
variability of the studied characters was significantly af-
fected by all the factors in question. Seed hardness, howev-
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Table 3. Results of a two-way analysis of variance, disclosing associations between the year of seed reproduction 
and the genotype, and the variability of morphological and biological characters in Vigna radiata

Таблица 3. Результаты двухфакторного дисперсионного анализа по выявлению ассоциаций между
годом репродукции семян, генотипом и изменчивостью морфологических и биологических признаков 

Vigna radiata

Factors Df SS MS F p SS MS F p

Germination energy of seeds Seed germination

Genotype 9 78132 7813 39.78 0.00 70746 7075 45.30 0.00

Year 3 78467 26156 133.18 0.00 59200 19733 126.36 0.00

Residual 
variability 686 134724 196 107128 156

Total 
variability 699 300756 243124

η2
genotype, % 25.98 29.10

η2
year, % 26.09 24.35

Table 2. Characterization of Vigna radiata accessions according to mean values of their growth and development 
indicators in the early stages of ontogenesis at the Kuban, Astrakhan, and Adler Experiment Stations of VIR

(2005, 2015–2017)

Таблица 2. Характеристика образцов Vigna radiata по средним показателям роста и развития растений 
на ранних стадиях онтогенеза на Кубанской, Астраханской и Адлерской опытных станциях ВИР

(2005, 2015–2017 гг.)
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14401 86.3 87.8 21.8 0.2 39.6 0.3 0.03 6.8 10.8 3.3 1.8

14403 69.8 79.0 64.7 0.1 60.2 0.4 0.04 6.5 8.6 2.8 1.9

14405 79.7 85.0 35.3 0.3 48.3 0.3 0.03 7.9 10.1 2.7 1.8

14407 78.8 82.7 76.7 7.5 34.5 0.3 0.02 9.2 13.4 2.5 1.8

14408 84.2 90.0 60.8 0.9 94.0 0.5 0.04 11.6 14.1 2.7 2.2

14412 79.9 82.4 44.6 3.0 70.0 0.3 0.02 8.9 12.9 2.3 1.5

14416 47.5 52.7 26.0 14.9 51.3 0.2 0.02 6.5 12.4 2.0 1.5

14421 64.8 69.5 33.5 5.9 35.5 0.3 0.02 7.7 9.6 2.1 1.4

14436 95.5 96.5 68.0 1.5 60.0 0.4 0.02 10.3 14.1 2.0 1.8

14438 75.3 79.5 33.7 0.0 34.7 0.5 0.03 10.3 13.6 2.9 1.9

14451 84.4 88.0 57.8 0.9 40.4 0.3 0.03 9.1 11.3 2.1 1.8
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Table 3. The end

Таблица 3. Окончание

Factors Df SS MS F p SS MS F p

Seed vigor 1000 seed weight

Genotype 9 226834 22683 68.996 0.00 217927 21793 120.841 0.00

Year 3 237043 79014 240.337 0.00 34650 11550 64.046 0.00

Residual 
variability 686 225533 329 123715 180

Total 
variability 699 663876 373978

η2
genotype, % 34.17 58.27

η2
year, % 35.71 9.27

Wet sprout weight Dry sprout weight

Genotype 9 4.54774 0.45477 183.03 0.00 0.043590 0.004359 135.48 0.00

Year 3 1.09719 0.36573 147.20 0.00 0.008128 0.002709 84.20 0.00

Residual 
variability 686 1.70447 0.00248 0.022073 0.000032

Total 
variability 699 7.01786 0.076446

η2
genotype, % 64.80 57.02

η2
year, % 15.63 10.63

Stem length Root length

Genotype 9 1613.01 161.30 50.24 0.00 2251.74 225.17 41.55 0.00

Year 3 958.62 319.54 99.52 0.00 907.62 302.54 55.83 0.00

Residual 
variability 686 2202.66 3.21 3717.39 5.42

Total 
variability 699 4770.26 6831.78

η2
genotype, % 33.81 32.96

η2
year, % 20.10 13.29

Stem diameter Leaf length

Genotype 9 88.354 8.835 29.45 0.00 30.718 3.072 36.89 0.00

Year 3 40.177 13.392 44.64 0.00 11.134 3.711 44.57 0.00

Residual 
variability 686 205.791 0.300 57.127 0.083

Total 
variability 699 354.990 99.983

η2
genotype, % 24.89 30.72

η2
year, % 11.32 11.14

SS – sum of squares; MS – mean squares; F – Fisher criterion value; p – significance level; df –degrees of freedom, η2, % – 
effect size, percentage
SS – сумма квадратов, MS – среднеквадратичное отклонение, F – значение критерия Фишера, p – уровень зна-
чимости, df – числа степеней свободы, η2, % – доля влияния
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Table 4. Results of a one-way analysis of variance, disclosing associations between the variability of morphologi-
cal and biological characters in Vigna radiata and the site of seed reproduction

Таблица 4. Результаты однофакторного дисперсионного анализа по выявлению ассоциаций между измен-
чивостью морфологических и биологических признаков Vigna radiata и местом репродукции

Factors Df SS MS F p SS MS F p

Germination energy of seeds Seed germination

Place of 
reproduction 2 83864 41932 134.75 0.00 63276 31638 122.61 0.00

Residual 
variability 597 216892 311   179847 258   

Total
variability 599 300756    243124    

η2, % 27.88    26.03    

Seed vigor 1000 seed weight

Place of 
reproduction 2 193028 96514 142.870 0.00 30819 15410 31.299 0.00

Residual 
variability 597 470848 676   343159 492   

Total
variability 599 663876    373978    

η2, % 29.08    8.24    

Wet sprout weight Dry sprout weight

Place of 
reproduction 2 0.75041 0.37521 41.727 0.00 0.007069 0.003534 35.509 0.00

Residual 
variability 597 6.26744 0,00899   0.069377 0.000100   

Total variability 599 7.01786    0.076446    

η2, % 10.69    9.25    

Stem length Root length

Place of 
reproduction 2 938.88 469.44 85.400 0.00 824.75 412.37 47.85 0.00

Residual 
variability 597 3831.38 5.50   6007.04 8.62   

Total variability 599 4770.26    6831.78    

η2, % 19.68    12.07    

Stem diameter Leaf length

Place of 
reproduction 2 34.174 17.087 37.123 0.00 7.853 3.927 29.71 0.00

Residual 
variability 597 320.815 0.460   92.130 0.132   

Total
variability 599 354.990    99.983    

η2, % 9.63    7.85    
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in their quality than those grown on the experimental fields 
of Krasnodar Territory.

The sum of active temperatures and the amount of pre-
cipitation during the growing season had a statistically sig-
nificant effect on the variability of all tested characteristics 

of mung bean seeds and sprouts (Tables 5, 6). The effect of 
these two factors on seed germination energy, seed germi-
nation, and seed vigor was higher than on other characters: 
the effect size percentage varied from 27 to 32%. Their ef-
fect on morphological and agronomic traits was 8–20%. The 

Table 5. Results of a one-way analysis of variance, disclosing associations between the variability of morpholo-
gical and biological characters in Vigna radiata and the sum of active temperatures

Таблица 5. Результаты однофакторного дисперсионного анализа по выявлению ассоциаций между измен-
чивостью морфологических и биологических признаков Vigna radiata и суммой активных температур

Factors Df SS MS F p SS MS F p

Germination energy of seeds Seed germination

Sum of active 
temperatures 3 87817 29272 95.68 0.00 65090 21697 84.82 0.00

Residual 
variability 696 212940 306   178034 256   

Total variability 699 300756    243124    

η2, % 29.20    26.77    

Seed vigor 1000 seed weight

Sum of active 
temperatures 3 212018 70673 108.857 0.00 33278 11093 22.661 0.00

Residual 
variability 696 451858 649   340700 490   

Total variability 699 663876    373978    

η2, % 31.94    8.90    

Wet sprout weight Dry sprout weight

Sum of active 
temperatures 3 0.75513 0.25171 27.974 0.00 0.010591 0.003530 37.313 0.00

Residual 
variability 696 6.26272 0.00900   0.065854 0.000095   

Total variability 699 7.01786    0.076446    

η2, % 10.76    13.85    

Stem length Root length

Sum of active 
temperatures 3 954.95 318.32 58.068 0.00 853.53 284.51 33.12 0.00

Residual 
variability 696 3815.32 5.48   5978.25 8.59   

Total variability 699 4770.26    6831.78    

η2, % 20.02    12.49    

Stem diameter Leaf length

Sum of active 
temperatures 3 59.588 19.863 46.799 0.00 11.459 3.820 30.03 0.00

Residual 
variability 696 295.402 0.424   88.524 0.127   

Total variability 699 354.990    99.983    

η2, % 16.79    11.46    
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Table 6. Results of a one-way analysis of variance, disclosing associations between the variability of morphologi-
cal and biological characters in Vigna radiata and the amount of precipitation

Таблица 6. Результаты однофакторного дисперсионного анализа по выявлению ассоциаций между измен-
чивостью морфологических и биологических признаков Vigna radiata и количеством осадков

Factors Df SS MS F p SS MS F p

Germination energy of seeds Seed germination

Precipitation 
amount 3 87900 29300 95.80 0.00 65249 21750 85.10 0.00

Residual 
variability 696 212857 306   177874 256   

Total variability 699 300756    243124    

η2, % 29.23    26.84    

Seed vigor 1000 seed weight

Precipitation 
amount 3 211509 70503 108.474 0.00 32336 10779 21.959 0.00

Residual 
variability 696 452366 650   341642 491   

Total variability 699 663876    373978    

η2, % 31.86    8.65    

Wet sprout weight Dry sprout weight

Precipitation 
amount 3 0.76565 0.25522 28.411 0.00 0.010783 0.003594 38.098 0.00

Residual 
variability 696 6.25221 0.00898   0.065663 0.000094   

Total variability 699 7.01786    0.076446    

η2, % 10.91    14.11    

Stem length Root length

Precipitation 
amount 3 954.59 318.20 58.041 0.00 862.65 287.55 33.53 0.00

Residual 
variability 696 3815.67 5.48   5969.14 8.58   

Total variability 699 4770.26    6831.78    

η2, % 20.01    12.63    

Stem diameter Leaf length

Precipitation 
amount 3 60.845 20.282 47.990 0.00 12.138 4.046 32.06 0.00

Residual 
variability 696 294.145 0.423   87.846 0.126   

Total variability 699 354.990    99.983    

η2, % 17.14    12.14    
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precipitation amount produced a little stronger effect on 
variations in wet and dry sprout weight, stem diameter, and 
root and leaf length. Correlation analysis identified weak 
negative correlations between precipitation amount and 
germination energy of seeds (r = –0.47), seed germination 
(r = –0.46), seed vigor (r = –0.40), wet sprout weight 
(r = –0.30), stem length (r = –0.39), and root length 
(r = –0.35); correlation coefficients were weaker for all oth-
er characters (r < 0.30). The sum of active temperature cor-
related very weakly (r < 0.30) with all morphological and 
physiological characters.

Interrelations among morphological and physiological 
characters were studied using correlation analysis (signifi-
cance level р < 0.05). As a result, strong correlations were 
identified between germination energy of seeds and seed 
germination (r = 0.95), and dry and wet sprout weights 
(r = 0.70). Germination energy had medium correlations 
with a number of characters: seed vigor (r = 0.60), and 
sprout stem length (r = 0.58). The same correlation level 
was observed for seed germination with seed vigor 
(r = 0.58), wet sprout weight (r = 0.50), stem length (r = 0.57), 
and leaf length (r = 0.50). Seed vigor correlated with stem 
length (r = 0.56). Wet sprout weight correlated both with 
stem length (r = 0.56) and with leaf length (r = 0.59), while 
dry sprout weight only with leaf length (r = 0.59). Positive 
correlations were found between stem and root lengths 
(r = 0.61), and between stem and leaf lengths (r = 0.50). 
Negative correlations were observed for seed hardness 
with germination energy (r = –0.50) and seed germination 
(r = –0.49). Thus, sowing qualities of seeds to a considerable 
extent determined the development of sprouts, while seed 
hardness reduced the seed germination and germination 
energy indicators. Maximum weight was measured in spro-
uts with long stems and leaves.

Factor analysis (employing principal components) was 
applied to disclose regularities in the variability and struc-
ture of links among characters in mung bean accessions in 
the early stages of ontogenesis (Table 7). Component analy-
sis identified two factors that determined 59.0% of the total 
variance for characters. The first factor (F1, 35% of vari-

ance) included: seed germination, germination energy, seed 
vigor, wet sprout weight, and stem, root and leaf lengths. 
Analyzing the first factor showed that the seeds with high 
values of seed germination, germination energy, seed vigor 
developed sprouts with a higher wet sprout weight, and lon-
ger stems, leaves and roots. This factor may be interpreted 
as the factor of seed germination energy and seed vigor. The 
second factor (F2, 24% of variance) aggregated dry sprout 
weight, stem diameter, 1000 seed weight, and, in negative 
correlation, seed hardness. The leading characters within 
this factor, i.e., with the strongest effect on coordinated 
variations in the rest characters, were dry sprout weight 
and stem diameter. Studying the set of characters in the sec-
ond factor revealed an interrelation between stem diameter 
and 1000 seed weight. Sprouts with a longer stem diameter 
germinated from larger seeds. Seed hardness was observed 
more often in small-seeded accessions. It should be men-
tioned that wet sprout weight was a transgressive charac-
ter, interlinked not only with seed germination and germi-
nation energy, but also with seed weight, i.e., it depended on 
a coordinated variability in several sets of correlated char-
acters.

Considering the distribution of the tested accessions 
across the space of the first two factors, it is possible to no-
tice that the plants with similar characters are located close 
to each other (Fig. 3). Figure 3.1 shows a quite compact 
group of accessions reproduced at AES in 2017. Accessions 
grown at AES in 2015 are observed nearby. In the scatter-
plot they occupy the area characterized by high values of 
seed germination, seed germination energy, seed vigor, 
stem length, root length, leaf length, medium and large 
seeds, medium and high sprout weights. 

Accessions reproduced at KES (2005) are in the area of 
plants with low or medium values of seed germination, ger-
mination energy, seed vigor, large and medium seeds, high 
and medium weights of dry and wet sprouts. 

For a majority of accessions reproduced at AdES (2016), 
minimum levels of seed germination, germination energy 
and vigor were observed. Most of them are located in the 
area of small and medium seeds, small sprout weights, short 

Table 7. Factor loadings of characters in mung bean seeds and sprouts

Таблица 7. Факторная структура признаков семян и проростков маша

Character Factor 1 Factor 2

Germination energy of seeds 0.85 0.17

1000 seed weight –0.05 0.55

Seed germination 0.83 0.26

Seed hardness –0.26 –0.58

Seed vigor 0.81 –0.15

Wet sprout weight 0.55 0.64

Dry sprout weight 0.22 0.82

Sprout stem length 0.83 0.08

Sprout root length 0.62 0.04

Sprout stem diameter –0.14 0.73

Sprout leaf length 0.57 0.49

Variance, % 35.0 24.0
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Fig. 3. Scatterplot of the tested mung bean accessions in the factorial space. 
Factor 1, Factor 2 are the first two factors. 

1. Across the stations, where 2005 means the seed reproduction at the Kuban Experiment Station (KES); 2015 and 2017 
mean the seed reproductions at Astrakhan Experiment Station (AES); 2016 means the seed reproduction at Adler 

Experiment Station (AdES) of VIR. 
2. Across VIR’s catalogues, where ‘k-’ is the catalogue number of an accession

Рис. 3. Распределение изученных образцов маша в факторном пространстве.
Factor 1, Factor 2 – первые два фактора.

1. По станциям, где 2005 – репродукция Кубанской опытной станции; 2015 и 2017 – репродукции Астраханской 
опытной станции; 2016 – репродукция Адлерской опытной станции – филиалов ВИР. 

2. По каталогам ВИР, где «к» – номер каталога
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leaves, stems and roots (in the scatterplot they are to the 
left, in the lower and middle parts). Accession k-14407 was 
an exception (on Fig. 3.1 it may be found among the acces-
sions reproduced at AES in 2015 and 2017). This variety 
demonstrated high seed germination, germination energy 
and vigor, with medium values in sprout and seed weights, 
regardless of the year and place of seed reproduction. 
Accession k-14451 was close to the latter in the tested indi-
cators. Also worth mentioning are k-14401, k-14403 and 
k-14408 which showed stable high levels in 1000 seed 
weight and sprout weights in all the years of testing. On the 
scatterplot they are in the upper part of the image (Fig. 3.2). 
Accessions k-14405 and k-14412 changed their indicators in 
different sites of reproduction: they demonstrated the best 
values of sprout weight when reproduced at KES, while their 
seed germination, germination energy and vigor were bet-
ter at AES. Accession k-14416, with the highest percentage 
of hard seeds per sample (on Fig. 3.2, to the left in the lower 
and middle areas), had the lowest values in seed germina-
tion and seed vigor. 

While analyzing Fig. 3, it is possible to trace a reduction 
of seed germination, germination energy and seed vigor lev-
els when mung bean was cultivated in more humid environ-
ments (KES or AdES). These characters in a majority of ac-
cessions had high values when seed reproduction was per-
formed in dry climate at AES. This is well in line with the 
data of other researchers, who reported that under higher 
humidity there was a decrease in seed germination because 
metabolic process tended to go faster, thus worsening the 
quality of seeds (Trisvyatsky, 1966; Adamova, 1971b). 
According to O. P. Adamova (Adamova, 1971а), when mung 
bean accessions were reproduced in Uzbekistan, their seed 
germination, like with other legume crops, was higher than 
in Abkhazia.

It should be also taken into account that higher humidity 
combined with higher temperatures accelerates the devel-
opment of microorganisms on seed surface, which leads to 
even more rapid reduction and deterioration of seed germi-
nation (Maui, 2015; Kirik, Pikovsky, 2017). Accelerated de-
velopment of microorganisms was registered during our 
experiments on the seeds reproduced at AdES: greater part 
of the seed material was affected by fungi and other diseas-
es. So, it is natural that the germination of seeds at AdES was 
the lowest.

On the other hand, it is well known that the smaller are 
the seeds, the more active is their enzyme activity. Small-
seeded plant forms possess more powerful and more stable 
vitality, and are able to retain their seed germination longer 
(Adamova, 1971b). The results of our research confirmed 
this fact: the larger seeds at KES had lower values of seed 
germination, germination energy and vigor that the smaller 
ones reproduced at AES. 

Summarizing all of the abovementioned, it is possible to 
conclude that in our experiments the greatest effect on the 
tested characteristics was produced by specific individual fea-
tures of accessions; the year, place and conditions of seed re-
production had lesser effects. It should be mentioned that, 
despite high variabilities of the studied morphological and 
physiological indicators and their dependence on the geno-
type and seed growing conditions, it was possible to identify 
mung bean varieties with stable and high levels of seed ger-
mination, germination energy and vigor, combined with me-
dium sprout weight values: k-14407 and k-14451. As for ac-
cessions k-14401, k-14403 and k-14408, they are the best in 
terms of economic value, as they demonstrated the highest 
sprout weights, regardless of the site of seed reproduction. 

Conclusion 

The accessions of Vigna radiata from Kenya demonstrat-
ed high variability in morphological, agronomic and physi-
ological characteristics of their seeds and sprouts.  A statis-
tically significant effect on all these variable characters was 
produced by the genotype, the year of seed reproduction, 
and the ecogeographic environments where the seeds were 
formed. Individual features of the accessions provided the 
strongest effect on all characteristics; the effect of the site 
of reproduction and meteorological conditions (precipita-
tion amounts and sums of active temperatures) was less 
strong. Abundant rainfalls during the plant growing season 
reduced the sowing qualities of seeds. The dry climate of 
Astrakhan Province proved to be more favorable for mung 
bean cultivation. 

The effect of weather conditions, recorded during the 
growing season, on the variability of morphological charac-
ters in mung bean sprouts was weaker than on the seed ger-
mination indicators. 

The weight of a mung bean sprout is interrelated with 
seed germination energy, stem length and diameter, and 
leaf length. Seed hardness is negatively correlated with 
seed germination, germination energy, and seed vigor, and 
positively correlated with small seed size.

Among the studied accessions, there are mung bean va-
rieties with high and stable indicators of seed germination, 
germination energy, and seed vigor, morphological charac-
teristics, and weight of sprouts. These varieties are promis-
ing for large-scale commercial cultivation of mung bean for 
microgreen production.

This study was implemented within the framework of the 
State Task in accordance with the topical plan of VIR for 
Project No. 0662-2019-0002 “Scientific support for effective 
utilization of the global genetic diversity of grain legume crops 
and their wild relatives from the VIR collection”.

Работа выполнена в рамках государственного зада-
ния согласно тематическому плану ВИР по проекту 
№ 0662-2019-0002 «Научное обеспечение эффективного 
использования мирового генофонда зернобобовых куль-
тур и их диких родичей коллекции ВИР».
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