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Analysis of soybean world collection in conditions
of south-eastern Kazakhstan

Abstract: The study of the phenotypic variability of the world crop collections in various conditions
is an important step for identification of genetic factors (genes, quantitative trait loci), associated with
yield and its components in order to increase the effectiveness of genetic and breeding programs. Current
paper presents some results from the comparative analysis of the phenotypic data from the soybean world
collection (originators — Kazakhstan, Russia, Canada, France, Sweden, Switzerland, Serbia, Belarus,
Poland, Ukraine, Moldavia, Bulgaria, Belgium, Czech Republic, Slovakia, USA, China, Japan, Uzbekistan,
Kyrgyzstan). The collection consisted of 192 cultivars and lines grown on the experimental plots of the
Kazakh Research Institute of Agriculture and Plant Growing (KAZNIIZR, Almalybak v., Almaty region,
Kazakhstan) in 2017 and 2018 yy. A number of key yield-associated traits, including plant height, pod
insertion height, number of branches, nodules and seeds per plant, yield per plant and thousand seed weight
were studied. It was noted that the yield over the two years of trials positively correlated with the above-
mentioned traits. The soybean accessions were ranked based on all the studied traits. As a result of the study
of the yield components, several high-productive cultivars were identified. Cheremosh (Ukraine), Agassiz
(USA), Iskra (Kazakhstan) and Evrika (Kazakhstan) showed high stable results in both years. The obtained
results will be used in the genome-wide association study to identify the significant relations between DNA

markers and complex quantitative traits to be applied in further genetic and breeding programs.
Key words: soybean, collection, cultivar, yield, correlation, economically valuable traits.

Introduction

Cultivated soybean (Glycine max (L.) Merrill) is
an annual plant that belongs to the genus Soya (Gly-
cine), family Fabaceae. Due to its rich biochemical
composition, soybean is considered as a universal ag-
ricultural crop cultivated with the aim of producing
food, technical raw materials and feed for livestock
[1-3].

World soybean production over the past 10
years has increased by 65%. According to the Unit-
ed States Department of Agriculture (USDA), in
2017 y., 346.9 million tons of soybeans were pro-
duced worldwide [4]. The main producers of soy-
beans are the United States, Argentina and Brazil,
whose total output makes around 87% of the world
production [5].

The lands under soybean in Kazakhstan increase
from year to year. The total sowing area for this crop
over the past 10 years has expanded to 129,000 in
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2017, compared to 50,000 hectares in 2007. Soybean
is grown mostly in Almaty, Kostanay and East Ka-
zakhstan regions with about 83% of this crop grown
in Almaty region [6].

The ecological trails of cultivars from different
origins have an important role for modern agricul-
ture. A wide range of soybean genotypes with stud-
ied traits in conditions of southeastern Kazakhstan is
the basis of successful breeding programs. Nowadays
more research is being conducted with the aim of up-
bringing early-maturing and high-protein soybean
cultivars for cultivation in northern and eastern re-
gions of the country [7; 8].

For refinement of cultivars with high yield and
quality, it is important to consider the variation and
association of morphometric and productivity traits
[9; 10]. In this regard, the actual aim of this work
was to analyze the world soybean collection of lo-
cal and foreign origins in the conditions of southeast
Kazakhstan in 2017 and 2018.
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Materials and methods

The experimental material comprised 192 cul-
tivars and lines from different countries of Eastern
and Northern Europe (France, Sweden, Switzerland,
Serbia, Russia, Belarus, Poland, Ukraine, Moldavia,
Bulgaria, Belgium, Czech Republic and Slovakia),
North America (Canada, USA), East Asia (China,
Japan), Central Asia (Kazakhstan, Uzbekistan, Kyr-
gyzstan) was studied in conditions of southeast Ka-
zakhstan in 2017 and 2018 [7; 11]. The cultivar (cv.)
Zhansaya bred by the Kazakh Research Institute of
Agriculture and Plant growing (KAZNIIZR) was in-
volved into the study as a standard cv. for Almaty
region [11].

Field experiments were conducted on experimen-
tal sites of KAZNIIZR, located at an altitude of 740
meters above the sea level, 43°15° N, 76°54° W. This
territory is characterized by the continental climatic
conditions: mild and cool winters, cool spring, hot
and dry summers, warm and dry fall. The soil cover
is represented by light chestnut, loamy, or less often
sandy soils [8].

The seeds of soybean accessions were sown in
April of 2017 and 2018 according to Dospekhov
[13], without any soil fertilizers. Structural anal-

ysis was conducted using the guidelines of The
State Commission for Variety Testing of agricul-
tural crops [12]. Plants were selected to record the
observations during the maturation period, prior to
plots harvesting. For each accession the following
traits were analyzed: Plant height (PH), cm; Pod
insertion height (PIH), cm; Number of branches
per plant (NBP); Number of nodules per plant
(NNP), No.; Number of seeds per plant (NSP),
No.; Yield per plant (YP); Thousand seeds weight
(TSW), g [14].

Data processing was performed using Statistical
Package for the Social Sciences (SPSS 16.0; https://
www.ibm.com/analytics/data-science/predictive-an-
alytics/spss-statisticalsoftware).

Results and discussion

The world soybean collection grown in southeast
Kazakhstan (KAZNIIZR) in 2017 and 2018, was an-
alyzed by complex of morphometric and yield traits.
Correlation analysis showed significant association
between two years of field experience, with Pearson
correlation coefficient r= 0.34, P<0.001.

Table 1 represents data showing the variability
ranges of the studied traits.

Table 1 — The variability ranges of morphometric and yield-associated traits

. 2017 2018
Trait
Min Max Mean Min Max Mean
PH 22.7 132.6 75.8+2.1 21.7 123.8 59.3+1.4
PIH 3.0 26.2 10.1£0.3 2.5 144 6.7+0.2
NBP 0.0 3.1 1.4+0.0 0.0 4.8 1.8+0.1
NNP 7.6 26.8 15.1£0.3 6.9 40.0 17.4+0.4
NSP 1.5 103.6 35.240.9 15.0 101.8 41.1£1.2
YP 2.5 19.3 10.6+0.3 3.0 30.5 13.8+0.5
TSW 90.0 218.0 159.8+1.4 124.0 268.0 179.0£1.7
Notes: PH — plant height, cm; PIH — pods insertion height, cm; NBP — number of branches per plant; NNP — number of nodules per
plant; NSP — number of seeds per plant; YP — seed yield per plant, g; TSW — thousand seed weight, g

Yield per plant (YP) is one of the key compo-
nents of soybean productivity, which is dependent
on the weather and/or agro ecological conditions
(~80%) and cultivar’s genotype (~20%) [14]. In ana-
lyzed collection YP ranged as 2.5-19.3 g in 2017 and
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3.0-30.5 g in 2018, with an average of 10.6 and 13.8
g, respectively (Table 1). It was found that the yield
of 54% of accessions was higher than in standard cv.
Zhansaya in 2017, while about 44% of the collection
exceeded standard during the next year (Figure 1).
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Figure 1 — Distribution of soybean world collection accessions by yield per plant
in 2017 and 2018 yy. Note: YP — yield per plant. The arrow indicates the data for the standard cv. Zhansaya

Top ten soybean cultivars with the highest YP
values observed in 2017 and 2018 in Almaty region
are presented in Table 2. It was observed that cul-
tivars Renta, Agassiz, Cheremosh, Iskra, Ana and
Renta had a stable high YP in both years.

Correlation analysis illustrated that yield per
plant had positive correlation with all studied traits,
particularly with productivity components. Signifi-
cant correlation with the highest coefficient between
YP and the number of seeds per plant, NSP (r=0.84,
P<0.001) and the number of nodules per plant, NNP
(r=0.79, P<0.001) were found (Table 3).

The number of seed per plant (NSP) is
also a major component of productivity.
This trait is directly related to the yield of soybean

[15]. In the first year of field trials, NSP varied from
10 to 103.6 seeds per plant (Table 1), for Zhansa-
ya — 35 seeds per plant, about 46% of the collection
showed higher value than standard cv., and among
them were Zispida 641 (Belgium) — 103.6, Slavia
(Russia) — 93.7, Agassiz (USA) — 62.7, Misula (Ka-
zakhstan) — 61 and Ana (Serbia) — 60 seeds per plant.
In the second year, 30% of collections were higher
than standard (47.9), including Vesta (Russia) —
101.8, Agassiz (USA) — 96.0, Cheremosh (Ukraine)
— 87.5, Vilana (Russia) — 80.2 and Bystritsa 2 (Rus-
sia) — 78.0 seeds per plant (Figure 2, a). It was no-
ticed that cultivars Agassiz, Iskra, Zhalpaksai (Ka-
zakhstan) and Vilana showed stable high NSP in both
years.

Table 2 — Soybean cultivars with the top ten maximal ranks of yield per plant in 2017 and 2018

Culivar name YP, g (2017) Culivar name YP, g (2018)
Slavia (Russia) 19.3 Evrica (Kazakhstan) 30.5
Agassiz (USA) 19.1 Vilana (Russia) 30.0

Cheremosh (Ukraine) 18.7 Agassiz (USA) 28.9
Misula (Kazakhstan) 18.3 Lira (Russia) 28.7
Iskra (Kazakhstan) 18.2 Renta (Russia) 28.5
Xinjiang D09-676 (China) 17.9 Parker (USA) 27.7

Ana (Serbia) 17.5 Xinjiang D10-130 (China) 27.7
Venera (Serbia) 17.4 Vesta (Russia) 27.6
Renta (Russia) 17.3 Lybid (Ukraine) 26.0
Runo (Russia) 17.3 Xinjiang D11-252 (China) 26.0

Standard cv. Zhansaya 10.1 Standard cv. Zhansaya 13.4
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Table 3 — Correlation links between key elements of yield structure

Traits PH PIH NBP NNP NSP YP TSW
PH 1

PIH 0.63*** 1

NBP 0.17%** 0.09 1

NNP 0.46%** 0.17%%* 0.77*** 1

NSP 0.52%** 0.20%** 0.59%** 0.86*** 1
YP 0.45%%* 0.18%** 0.48%** 0.79%** 0.84#%* 1

TSW -0.18%** -0.15%** 0.08 0.04 -0.01 0.25%** 1

Notes: PH — plant height,cm; PIH — pods insertion height, cm; NBP — number of branches per plant, No.; NFN — number of nodules
per plant, No.; NSP — number of seeds per plant, No.; YP — seed yield per plant, g; TSW — a thousand seeds weight, g; *** — P<0.001,
** — P<0.05, * — P<0.01
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Figure 2 — Distribution of soybean accessions by number of seeds, nodules, and branches per plant and thousand seed weight

in 2017 and 2018. Note: NSP — number of seeds per plant; NNP — number of nodules per plant;

NBP — number of branches per plant; TSW — thousand seed weight, g. The arrow indicates the data for the standard cv. Zhansaya
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The number of nodules per plant (NNP) corre-
lated with all studied traits, except TSW (Table 3).
It should be noted, that the NNP values range was
higher in 2018 (from 6.9 to 40.0), than in the previ-
ous year (7.6 — 26.0), respectively (Table 1, Figure
2, b). The highest NNP values were observed for the
following accessions: Evrika (Kazakhstan) — 26.0,
Runo (Russia) — 26.8, 362/2 (Eastern Beauty) — 24.3,
Niva 70 (Russia) — 23.1 and Misula (Kazakhstan)
— 22.9 in 2017, and Agassiz (USA) — 40.0, Vesta
(Russia) — 39.1, Cheremosh (Ukraine) — 36.4, Vilana
(Russia) — 35.9 and Parker (USA) — 32.3 in 2018.
In both years the stable high NNP showed cultivars
Iskra, Cheremozh and Agassiz.

The number of branches per plant (NBP) is de-
pendent on plant genotype and environment condi-
tions. In our collection in the second year of field
trails soybean plants NBP value increased to 4.5,
comparing with 3.5 in 2017 (Figure 2, ¢). Some re-
searchers, studying the number of branches, believe
that the more branches on a plant, the more nodes and
beans develop; therefore the higher the seed produc-
tivity is. Others consider that it is necessary to breed
cultivars with a small number of branches — single-
stem cultivars, the productivity of which is increased
by rising of the plant density [10; 16]. The results
of trails in Almaty region in both years showed that
soybean plants with NBP more than one branch per
plant had higher value of YP and it is similar to the
first point of view. In addition, there was the high
significant correlations between NBP and NNP (r=
0.77, P<0.001), NBP and NSP (r = 0.59, P<0.001),
and NBP with YP (r=0.48, P<0.001) (Table 3).

The thousand seed weight (TSW) is a very impor-
tant trait of seed quality, which is dependent on the
seed size and fullment. According to the literature, in
conditions of water deficiency, genotypes with larger
seeds have advantage in high yield production due
to their better absorbing ability [15; 17]. In analyzed
collection TSW varied from 90.0 to 218.0 g in 2017,
and from 124.0 to 268.0 g in 2018 (Table 1). TSW in
the first year of field experiments were recorded for
Xinjiang a don 1 (China) — 218 g, Soer 345 (Russia)
—211.3 g and Agassiz (USA) — 208 g, in the second
year — Almaty (Kazakhstan) — 268 g, Nikko (Serbia)
— 255 g and Lambert (USA) — 239.5 g. More than
half of the collection exceeded the results of Zhansa-
ya (148.7 and 173 g in 2017 and 2018, respectively)
(Figure 2, d).

Correlation analysis of TSW indicated negative
correlation with PH. r=-0.18, P<0.001) and the pod
insertion height, PIH, (r=-0.15 (P<0.001). On the
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other hand, there was a positive correlation with the
yield per plant, r=0.25 (P<0.001). In addition, corre-
lation was found neither between TSW and NLB, nor
TSW and NFN (Table 3).

Plant height (PH) is a major morphometric trait
in breeding practice as it linked to the soybean lodg-
ing score [18]. PH in analysed accessions varied from
22.7t0 132.6 cm in 2017 and from 21.7 to 123.8 cm
in the next year with an average equal to 75.8+2.1
and 59.3+1.4, respectively (Table 1). The standard
cv. Zhansaya also showed the tendency of the stem
shortening in second year in comparison with the
2017 (99.6in 2017 vs 77.1 cm in 2018). Determinant,
indeterminate and semideterminate types of soybean
plant habitat were observed. As it is shown in Fig.3,
in 2018 almost the entire soybean collection showed
average or short PH, compared with data of 2018
(Figure 3, a).

Another morphometric characteristic used in the
field trials was the pod insertion height (PIH). This
trait plays an important role in the harvesting period.
The higher the first pod insertion, the less likely the
soybean stem is to break. Plants with especially low
insertion of pod led to loses of seed at harvest. PIH
varies from environmental conditions [19; 20].

The standard cv. Zhansaya showed PIH of
13.5 cm and 9.1 cm in 2017 and 2018, respec-
tively. Just 21% and 9.1% of the soybean col-
lection showed higher values than Zhansaya
(Figure 3, b). PIH had positive and significant cor-
relation with PH, r=0.63 (P<0.001) and negative cor-
relation with TSW, r=-0.18 (P<0.001) (Table 3).

ANOVA analysis (analysis of variance) made it
possible to identify significant affect of environmen-
tal conditions to all studied traits of soybean collec-
tion, with the highest effect on PIH (84.19%), then
on TSW (74.62%), PH (41.71%) and YP (34.36%)
(Table 4).

It is clear that the weather and growing condi-
tions affect to the grain yield. According to the lit-
erature, even with the great combination of genetic
resources and agronomic factors, the environmental
stresses like high temperature, humidity, salinity
and so on, can sharply decrease soybean yield. The
stresses negatively effect on the cellular function of
plant and its metabolic activity [21]. The soybean va-
rieties and lines harvested in Almaty region in 2018
showed higher results for major productivity compo-
nents (YP, NSP, NNP, TSW) comparing with 2017,
which might be consequented with better environ-
mental conditions during soybean maturation stage
in 2018 (Figures 1-3).
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Figure 3 — Distribution of soybean collection by plant height and pod insertion height
in 2017, 2018 yy. Note: PH — plant height, PIH — pod insertion height.
The arrow indicates the data for the standard cv. Zhansaya
Table 4 — Analysis of variance by one factor
Traits df Mean square F

Plant height (PH), cm 383 26053.5 41.71%%*
Pods insertion height (PIH), cm 383 1110.4 84.19%**
Number of branches per plant (NBP) 383 14.6 20.88***
Number of nodules per plant (NNP) 383 511.0 19.57%**
Number of seeds per plant (NSP) 383 32433 15.87%**
Seed yield per plant (YP), g 383 943.7 34.36%**
Thousand seed weight (TSW), g 383 35305.0 74.62%**
Note: ***-P<(0.001

Therefore, the world collection of soybean cul-
tivars and lines from Eastern and Northern Europe
(France, Sweden, Switzerland, Serbia, Belarus, Po-
land, Ukraine, Moldavia, Bulgaria, Belgium, Czech
Republic, Slovakia), North America (Canada, USA),
East Asia (China, Japan), Central Asia (Kazakhstan,
Uzbekistan, Kyrgyzstan) countries were tested in Al-
maty region.

The collection was ranged based on seven yield-
associated traits. More valuable highly productive
genotypes were revealed. The obtained data may be
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used in genome-wide association studies and soy-
bean breeding programs.

Conclusion

The world soybean collection consisted of 192
cultivars and lines both local and foreign breeding
were evaluated in the field conditions of southeast
Kazakhstan in 2017 and 2018. It was determined that
the yield per plant had positive correlation with all
studied traits, particularly with productivity compo-
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nents. Significant association with the highest coef-
ficient were found between traits YP — NSP (r=0.84,
P<0.001) and YP — NNP (r=0.79, P<0.001). Over
a two years period Cheremosh (Ukraine), Agassiz
(USA) and Iskra (Kazakhstan) showed the maximum
values for three most important yield traits — yield per
plant, number of seeds and nodules per plant. In addi-
tion, it was revealed that Kazakh cv. Evrika prevailed
on NFN and NLB in both years; while in 2018 it was
one of the best on YP. In total, 10 soybean accessions
were determined as high-productivity and valuable
cultivars for breeding programs.

Obtained results on the phenotypical and produc-
tivity traits variability of the world soybean collection
will be used in the future genome-wide associations
studies in order to identify marker-trait associations
and search for reliable links between DNA markers
and quantitative traits.
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