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ABSTRACT

Soybean (Glycine max L.) vyield and yield related traits are constrained by drought.
Adaptation of soybean to changing environment could be improved by exploitation and
introgression of diverse germplasm in breeding program. In present study, the response to
drought conditions, especially at flowering stage, was evaluated to determine the potential
soybean germplasm for future soybean breeding programs in Pakistan. Field experiment was
conducted under two water regimes i.e. well-water and water-limited, to assess the effect of
drought in seed yield and vyield related traits. Although, drought led to overall reduction of
~15 % in thousand seed weight but still some soybean genotypes performed relatively better
under water-limited conditions. These genotypes were also tolerant to drought, with a drought
susceptibility index of < 0.5. PCA also explained the pattern of variation existing in soybean
germplasm grown under given water regimes ie. well-water and water-limited conditions.
The identified soybean genotypes could be a favorable resource to introduce high yielding
soybean in local environment.

Keywords: Drought, screening, soybean, principal component analysis.

INTRODUCTION

Soybean (Glycine max L.), is
becoming an important oilseed crop for
Asia Pacific region Dbecause of its
nutritional and health benefits (Foyer et al.,
2016). Advantages derived from soybean
cultivation is not just restricted as a food
commodity; it is also a vital industrial crop
used in the production of fibre, wax, dyes,
paints, edible oil and also as a meat
substitutes (Rezaei et al, 2002; Tang,
2017).  Soybean yield and yield
contributing traits are constrained by
drought (Manavalan et al., 2009). Drought
can have drastic effects on soybean growth
and development, particularly in semi- and
arid zones of the world (Sinclair et al.,
2014, 2020). Several reports documented
significant  reduction in  soybean yield

under drought conditions (Specht et al,
1999; Yan et al., 2020; Arya et al., 2021;).
Effects of drought on soybean depend
upon several factors such as timing and
duration of stress. Flowering time and the
period subsequent to flowering are the
most crucial stages for drought stress in
soybean (Yan et al., 2020). Desclaux et al.,
(2000) studied the drought induced
phenomics of early maturity soybean
cultivars and reported that drought stress
even at the vegetative stage led to reduced
plant height, seed weight (late reproductive
stages) and seed numbers  (early
reproductive stages). Significant reduction
(73-82 %) in soybean yield (under drought
stress conditions) has been reported in
semi humid and semi-arid zones of
Huaibei, China (Wei et al, 2018). Long
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term drought during flowering stages
reduces biomass allocation to reproductive
tissues, hence reducing seed weight (Du et
al., 2020).

Breeding for yield and yield
contributing traits is the utmost objective
of any crop improvement program. Hence,
yield and its components have extensively
been practiced as drought tolerance
indicators (Pinto et al., 2010). Since trait
evaluation is expensive in terms of
resource and time, therefore heat and/or
drought susceptible indices have been used
to discriminate  between tolerant and
intolerant  genotypes. Efforts have been
made in breeding soybean with primary
objective of improving the performance of
yield contributing traits under drought
(Gao et al., 2020). Although, conventional
breeding efforts have resulted in the
development  of  improved  soybean
cuktivars but still there is a need to add
additive  genetic  variance in  soybean
germplasm to ensure fast forward genetic
gain.

In the current climate-change
scenario, water scarcity and heat stress
episodes are casting a considerable threat
for human food. Exploitation and usage of
diverse crop genetic resources is suggested
as vital soybean breeding approach to cope
with climate-change scenario. The present
work was performed to compare field
based performance of introduced and
indigenous  soybean  germplasm  under
drought conditions.

MATERIALS AND METHODS

Soybean germplasm was collected
from national and international germplasm
resource  centers with the aim of
strengthening indigenous soybean
germplasm for future breeding purposes.
The collected soybean genotypes were
planted at the research farm of MNS
University of  Agriculture, Multan in
spring 2021 under two water regimes i.e.
“well-water” and “water- limited”’
conditions  using  augmented  design

(UAM-SB-200 check-accession). Soybean
field was prepared by laser leveling
followed by standard agronomic practices.
Briefly, one bag of urea acer and one bag
of Di-ammonium Phosphate (DAP) acer?
were applied before sowing. Sowing (2-3
seeds per planting site) was done beds
having 15 x 25 ft (Length x Width)
dimensions. Plant to plant distance was
maintained at 1 ft. The “well-water”
experimental units were irrigated after an
mterval of ~14 days while “water-limited”
experimental units were subjected to
drought condition especially at flowering
stage. After thirty days of sowing, plant
thinning was performed to eradicate
unhealthy plants. Weeds were controlled
manually.  Phenotypic trait data was
obtained for number of pods per plant, pod
length, number of seeds per pod, plant
height, seed weight per plant, thousand
seed weight. Seed width and seed
thickness were measured through
Document Scanner S500A3B (Shenzhen
Eloam Technlogy, China.) from both water
regimes. Plant height (PH), was recorded
at plant’s physiological maturity as the
distance from soil level to topmost part of
each plant. Thousand seed weight (TSW)
was measured by weighing duplicate
samples of ~500 seeds from each soybean
genotype.

The drought susceptibility index
for TSW (DSlysw) was computed using
the formula: DSlysw = (1-Y/Y,)/D where Y
is the TSW of a soybean genotype grown
under water-limited condition, Y, is the
mean of TSW of soybean genotypes grown
under well-water conditions, and D (stress
intensity) = 1 — X/X,, X is the average Y of
all soybean genotypes and X, is the mean
Y, of all soybean genotypes. The soybean
genotypes were categorized as intolerant
(DSltsw > 1) and tolerant (DSltsw < 0.5)
to drought (Fischer & Maurer, 1978;
Khanna-Chopra & Viswanathan, 1999).
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Statistical Analyses

Analysis of variance (ANOVA) for
augmented block design was applied using
R Studio 1.4.1717. ANOVA with least
significant difference (post hoc) approach
was applied to validate differences
between the means. The relationship
among studied parameters were computed
using Pearson’s correlation tests using
XLSTAT 2014 (Singh et al., 2020). On the
basis of correlation matrix approach,
principal component analyses (PCA) was
computed using XLSTAT 2014 (Vidal et
al., 2020). In PCA, all soybean genotypes
were regarded as cases against phenotypic
attributes/traits  averaged throughout the
field trials as variables.

RESULTS

Analyses of Variance and Mean
Performance of Soybean Genotypes

ANOVA was computed for all
studied traits. Significant variations were
observed for the yield contributing traits
under both water regimes (Table 1).
Thousand seed weight, seed length, seed
width and seed thickness were reduced by
15, 16.1, 17.3 and 2 % in water-limited
conditions  compared to  well-water
conditions, respectively. Thousand seed
weight was reduced with an average of
127.54 (g) in well-water and 108.36 (g) in
water-limited. Seed length was reduced
with an awverage of 0.631(mm) in well-
water and 0.529 in water-limited. Seed
width was also reduced with an average of
0.640 (mm) in the well-water and 0.528 in
water-limited conditions. In case of seed
thickness, the averaged thickness was
recorded 0.888 (mm) under well-water and
0.871 under water-limited  conditions
(Figure 1). Number of seeds per pod and
pod length showed  non-significant
difference for soybean genotype and water
treatment (Figure 1).

Yield stabilty was assessed
according to thousand seed weight ranking
under both water regimes. The agronomic

performances of the highest thousand seed
weight (g) are presented in Table 1. All
these soybean accessions showed tolerance
(DSltsw > 0.5) to drought on the basis of
thousand seed weight in  both
environments.

Principal Component and Biplot Analysis

Field data from both water regimes
was averaged and the non-hierarchical
multivariate analysis (PCA) was
performed to  investigate  relationship
among variables. The data was averaged
just to minimize the error. Recently, this
approach has been used to interpret the
PCA results under abiotic stress conditions
(Aziz et al, 2018). Out of nine principal
components (PCs), first four PCs showed
Eigen values more than 1. Among these
four PCs, first two PCs showed a
cumulative  44.68 % variability among
soybean genotypes for the parameters
under study. Hence these two PCs were
gven due importance for  further
explanation. The wvector length presented
the degree of variations explained by each
variable in PCA (Figure 2). The wvector
angle between traits is predicting a
correlation between them. The vector
angle < 90 (acute angle) between the two
traits shows positive correlation whereas
the traits having obtuse angle between the
traits shows negative correlation. In
scatterplots, thousand seed weight, seed
length and seed width showed positive
correlation (Figure 2). On the basis of
thousand seed weight, the scatterplot
showed that soybean genotypes presented
in Table 1 and yellow highlighted in
Figure 2 were tolerant to water-limited
conditions. Intolerant soybean genotypes
are highlighted in blue color. Briefly, CH-
1, CH-3, Ch-96, Kuell and 205/1 showed
good performance and these genotypes
were also positioned closed to thousand
seed weight in the biplot.

© 2023 by Journal of Bioresource Management is licensed under CC BY 4.0

77



Zafer et al., (2023). Screening for Drought Tolerance in Soybean.
J Biores Manag., 10(1):89-97.

Table 1: Analyses of Variance based on mean square values of traits under well water (WW) and water limited (WL) conditions.

PH NSpP NoP PL SWpP TSW SL SW ST
Sources of Df WwW W WW WL WW WL WWwW WL WW WL W WL WwW WL WW WL WWwW WL
L W
Variations
Block 10 47.1 669 0.135 0.094 1041 1957 0.143 0.1022 81 1545 374 337 0.00129 0.00529 0.001953 0.005 0.0007 0.00226
28 06

Treatment 45 695 175 0.183 0.2300 812* 1268 0.292 0.1892* 46.7* 1266 100 611 0.00215 0.00477 0.002065* 0.004 0.0012  0.00152
* * * * * * *

** 1 2% 58 9*
Check 1 174. 30 0.142 0.28 2127 1375 0.9 0.0071* 75.2 73.6 413 218 0.00088 0.00785 0.000582 0.001 0.0019 0.01282
3 *x 9 2 1 58 25

Check + 44  67.2 178 0.184 0.229 782 1265 0.279 0.1933* 46 1279 930 575 0.00218 0.0047 0.002098  0.004 0.0012 0.00127

check xx 1 65 76

VS.

augmented

Residuals 1 1 3 002 8E-04 O 2 0.005 0 0 0.4 5 2 0.00000 0.00224 O 0.000 O 0
2 08

Plantheight PH (inches), number of seeds per pod — NSpP, number of pods per plant—NoP, pod length— PL (cm), seed weight per plant —SWpP (g), thousand seed weight —
TSW (g), seed length — SL (mm), seed width — SW (mm), seed thickness — ST (mm).
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PH

SWpP

TSW

NSpP

1

SL

SwW

ST

B Well-Water

[ Water-Limited

Figure-1: Phenotypic comparison of soybean accession under well-water and water limited conditions.

Traits are plant height — PH (inches), number of pods per plant — NoP, seed weight per plant — SWpP (g),
thousand seed weight — TSW (g), seed length — SL (mm), seed width — SW (mm), seed thickness — ST (mm),
number of seeds per pod — NSpP, pod length — PL (cm). *P < 0.05, **P < 0.01. Error bar shows standard

error.

Table 2: Thousand seed weight comparison of promising soybean genotypes under well-water and water-
limited conditions along with drought susceptibility index for thousand seedweight (DS ltsw)

TSW in  Water-

Genotype limited TSW in Well-Water ~ DSlysw
205/1 115 118 0.33170874
One 102 104 0.25090789
E-1136 104 106 0.24617378
141-PKN-252-8 110 112 0.2329859
CH-3 120 122 0.21388869
CH-96 140 142 0.18376353
179 87 90 0.43490701
SPS-F5 96 97 0.13450732

© 2022 by Journal of Bioresource Management is licensed under CC BY 4.0

79



Zafer et al., (2023). Screening for Drought Tolerance in Soybean.
J Biores Manag., 10(1):89-97.

Observations (axes F1 and F2: 44.21 %)
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Figure-2: Scatterplot and principal component analyses.

Scatterplot showing soybean accessionssorted into tolerantand intolerant calculated on the phenotypic traitsto
the first two principal components. Principal component analyses based on all studied phenotypic traits

averaged over both water regimes.

DISCUSSION results  were consistent  with
previously published literature for soybean
The  performance of forty-six in terms of significant variation in soybean
soybean genotypes was evaluated to seed vigor (Wijewardana et al., 2019).
classify the genetic variation for important PCA also confirmed the presence
agronomic  traits  under well-water and of significant variation under water-limited
water-limited conditions. ANOVA conditions for the studied parameters in
exhibited considerable effects due to given soybean genotypes. Seed weight has

soybean genotypes and environment. The

© 2022 by Journal of Bioresource Management is licensed under CC BY 4.0
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breeding in soybean; however, further
progress through direct selection of the
seed weight might be difficult due to low
heritability ~which has been reported
previously (Hayati et al., 2022). Hence,
selection for stable yield in soybean based
upon drought susceptibility index (DSI) is
desired selection criteria in selection for
drought tolerance to drought (Aziz et al,
2018; Hayati et al., 2022).

Considerable decline in yield and
yield related traits under water-limited
conditions agrees with the previous reports
on drought response in soybean. Drought
resulted in the reduction of seed number
and size (Wijewardana et al., 2019), seed
weight (Hayati et al., 2022), total above
ground biomass and number of pods
(Jumrani & Bhatia, 2018). In current
study, seed weight (TSW) was reduced to
15 % which is in accordance to Jumrani &
Bhatia (2018), who reported that soybean
hundred seed weight decreased by 9 to 36
%.

It is very challenging to apply an
environmental variable like drought as a
treatment under field conditions without
keeping in-view several additional factors
l.e. photoperiod, soil conditions and
precipitation. These factors might be
reduced in a controlled condition, but the
shortcomings might be a restraint in
mimicking  different  external  factors
achievable under field conditions (Aziz et
al, 2018). We suggest, experiments at
different field locations and the over years
can be helpful to reduce the effects of
environmental  factors and  will give
understanding into actual envirotyping.

The DSlysw Is regarded as a
dependable trait to pick drought tolerant
germplasm and has been reported in
several studies for measuring the tolerance
to abiotic stress factors in different crop
plant (Aziz et al., 2018; Mirzaghaderi &
Mason, 2019). The soybean genotypes
were  categorized into tolerant and
intolerant to drought on the basis of
DSlrsw. The positive association of seed
length and seed width with thousand seed

weight in PCA also suggested that seed
length and seed width are also essential
traits that are contributing to higher
thousand seed weight under both water
regimes.

ACKNOWLEDGMENT

The authors are grateful to Director
University Farms of MNS University of
Agriculture, Multan for providing the field
research facility to conduct the field trials.
The authors are also grateful to the
Graduate Resource Center of MNS
University of  Agriculture, Multan for
providing training on the construction of
high  quality images for  research
publications.

CONFLICT OF INTEREST

All authors declare not conflict of
interest.

SOURCE OF FUNDING

This research was funded by
Pakistan  Agricultural Research  Board,
project number PARB-830.

AUTHOR’S CONTRIBUTION

Muhammad Zeshan Zafer, Chahat
Fatima, Ayesha Aftab — executed the
experiments. Muhammad Hammad
Nadeem Tahir, — provided financial and
technical ~ support.  Muhammad  Amir
Bakhtavar, Mahmood  Alam  Khan,
Zulgurnain  Khan, Shoaib Ur Rehman —
provided technical support. Muhammad
Zeshan Zafer and Chahat Fatima — written
initial  draft. ~ Essam  Darwish  and

Zulgurnain  Khan — review and editing.
Shoaib Ur Rehman - supervised the
research.

REFERENCE

Arya H, Singh MB, Bhalla PL (2021).
Towards developing drought-smart

81

© 2022 by Journal of Bioresource Management is licensed under CC BY 4.0



Zafer et al., (2023). Screening for Drought Tolerance in Soybean.
J Biores Manag., 10(1):89-97.

Soybeans. Front. Plant Sci. 12,
750664.

Aziz A, Mahmood T, Mahmood Z,
Shazadi K, Mujeeb-Kazi A,
Rasheed A (2018). Genotypic
variation and genotype X
environment interaction for yield-
related traits in synthetic hexaploid
wheats under a range of optimal
and  heat-stressed  environments.
Crop Sci. 58(1), 295-303.

Desclaux D, Huynh T, Roumet P (2000).
Identification of soybean plant
characteristics  that indicate the
timing of drought stress. Crop Sci.
40(3), 716-722.

Du Y, Zhao Q, Chen L, Yao X, Xie F
(2020). Effect of drought stress at
reproductive stages on growth and
nitrogen metabolism in  soybean.
Agron. 10(2).

Fischer R, Maurer R (1978). Drought
resistance in spring wheat cultivars.
I. Grain yield responses. Aus. J.
Agric. Res. 29(5), 897-912.

Foyer CH, Lam HM, Nguyen HT,
Siddigue  KHM, Varshney RK,
Colmer T.D, Cowling W, Bramley
H, Mori TA, Hodgson JM, Cooper
JW, Miller AJ, Kunert K, Vorster J,
Cullis C, Ozga JA, Wahlgvist ML,
Liang Y, Shou H, ... Considine MJ
(2016). Neglecting legumes has
compromised human health and
sustainable food production. Nature
Plants, 2(8), 16112.

Gao, XB., Guo C, Li, FM., Li, M., & He, J
(2020). High soybean vyield and
drought adaptation being associated
with canopy architecture, water
uptake, and root
traits. Agronomy, 10(4), 608.

Hayati E, Ghufrani Y, Marliah A, Basyah
B (2022). Yield components of the
M7 Kipas Putih mutant soybean.
3rd International conference and
agriculture and bioindustry. 951(1),
012049.

Jumrani K, Bhatia VS (2018). Impact of
combined stress of high

temperature and water deficit on
growth and seed vyield of soybean.
Physiol. Mol. Bio. Plants, 24(1),
37-50.

Khanna-Chopra R, Viswanathan C (1999).
Evaluation of heat stress tolerance
in irrigated environment of T.
aestivum and related species. |.
Stability in yield and vyield
components.  Euphytica, 106(2),
169-180.

Manavalan LP, Guttikonda SK, Phan-Tran
L.S, Nguyen HT  (2009).
Physiological and molecular
approaches to improve drought
resistance in soybean. Plant Cell
Physiol. 50(7), 1260-1276.

Mirzaghaderi G, Mason AS (2019).
Broadening the bread wheat D
genome. Theor. Appl. Genet,
132(5), 1295-1307.

Pinto RS, Reynolds MP, Mathews KL,
Mcintyre CL, Olivares-Villegas JJ,
Chapman S.C (2010). Heat and
drought adaptive QTL in a wheat
population designed to  minimize
confounding  agronomic  effects.
Theor. Appl. Genet. 121(6), 1001
1021.

Rezaei K, Wang T, Johnson LA (2002).
Hydrogenated vegetable oils as
candle wax. J. Am. Oil Chem. Soc.
79(12), 1241-1247.

Sinclair TR, Marrou H, Soltani A, Vadez
V, Chandolu K.C (2014). Soybean
production potential in  Africa.
Glob. Food Sec. 3(1), 31-40.

Sinclair, TR., Soltani, A., Marrou, H.,
Ghanem, M., & Vadez, V. (2020).
Geospatial assessment for crop
physiological and  management
improvements with examples using
the simple simulation model. Crop
Science, 60(2), 700-708.

Singh VK, Avtar R, Mahavir NK, Manjeet
RK, Rathore V (2020). Assessment
of genetic relationship  among
diverse Indian mustard (Brassica
juncea L)  genotypes  using

82

© 2022 by Journal of Bioresource Management is licensed under CC BY 4.0



Zafer et al., (2023). Screening for Drought Tolerance in Soybean.
J Biores Manag., 10(1):89-97.

XLSTAT. Electronic J. Plant
Breed. 11(02), 674-680.

Specht J, Hume D, Kumudini S (1999).
Soybean yield potentia—A genetic
and physiological ~ perspective.
Crop Sci. 39(6), 1560-1570.

Tang CH (2017). Emulsifying properties
of soy proteins: A critical review
with emphasis on the role of

conformational flexibility. Crit
Rev. Food Sci. Nut. 57(12), 2636—
2679.

Vidal, NP, Manful, CF, Pham, TH,
Stewart, P, Keough, D, & Thomas,
R. (2020). The use of XLSTAT in
conducting  principal  component
analysis (PCA) when evaluating
the relationships between sensory
and quality attributes in grilled
foods. MethodsX, 7, 100835.

Wei Y, Jin J, Jiang S, Ning S, Liu L
(2018). Quantitative response of
soybean development and yield to
drought stress during different
growth stages in the Huaibei plain,
China. Agron. 8(7).

Wijewardana C, Reddy KR, Krutz LJ, Gao
W, Bellaloui N (2019). Drought
stress has transgenerational effects
on soybean seed germination and
seedling vigor. PloS One, 14(9),
e0214977.

Yan C, Song S, Wang W, Wang C, Li H,
Wang F, Li S, Sun X (2020).
Screening diverse soybean
genotypes for drought tolerance by
membership function value based
on mukiple traits and drought-
tolerant coefficient of yield. BMC
Plant Biol. 20(1), 1-15.

83

© 2022 by Journal of Bioresource Management is licensed under CC BY 4.0



	Drought Susceptibility Index; a Preferred Criterion in Screening for Tolerance in Soybean
	Recommended Citation

	Drought Susceptibility Index; a Preferred Criterion in Screening for Tolerance in Soybean
	Cover Page Footnote
	Authors

	Drought Susceptibility Index; a Preferred Criterion in Screening for Tolerance in Soybean

