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Drought is one of the most important stress that reduce the growth yield and development
of crops. Soybean is the most important source of food, protein and oil and hence more
research is essential to increase its yield under different conditions including stress.
Developing drought tolerance and other abiotic stress resistance soybean cultivars is an
important goal throughout the world. Germination is one of the main growth stage for
seedling establishment and is dependent on moisture availability in soil. The experiment
was carried out to evaluate the germination and other characteristics of six soybean
genotypes (JS-335, JS-93-05, KDS-344, PUSA-20, MAUS-162andMACS-57) under four
levels of osmotic stress (control, 5%, 10%, 15%, 20%). Polyethylene glycol (PEG) 6000
was used as osmoticum. This investigation was performed as factorial experiment under
Completely Randomized Design (CRD). Germination and early growth was affected by
drought stress. The observations were made on germination percentage, plant shoot length,
shoot fresh weight, shoot dry weight, root length etc. the result indicated that the two
soybean genotypes MAUS-162 and PUSA 20 exhibited tolerance against drought stress
compared to other varieties. The variation among genotypes for germination and other
biological parameter was found to be a reliable indicator to screen the drought tolerant
genotypes at germination seedling stage in soybean.

the world. They can grow in wide range of
soils, generally moist alluvial soils with good
organic content. The key advantages of
soybean are its high protein content, vitamins,
minerals and insoluble fibers. Soybean is
viewed as equivalent to creature nourishments
in protein quality (13). Soybean is used in
variety of industries providing products for
human consumption, livestock feed and
industrial purpose. Soybean seed consist of

Introduction
The soybean (Glycine max L.) belongs to the
family leguminosae originated in south East
Asia. Soybean is an industrial crop cultivated
for oil and protein. Despite the relatively low
oil content of the seed (about 20% on
moisture free basis) soybeans are the largest
single source of edible oil and account for
roughly 50% of the total oilseed production of
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35% carbohydrates, 5% ash, 40% protein and
20% oil; and is major source protein and oil
for commercial products (15). In the survey of
soybean crop for the season of 2018-19 the
total area under soybean for 2018 was108.396
lakh hectares. The area has increased by 6.83
lakh hectare (6.7%) as compared to previous
year (SOPA, Indore MP). The government
area estimate is around 113.339 lakh ha. The
estimated total production of soybean crop for
all India for the year 2018 is 114.832 lakh
tones which is higher by 31.275 lakh tones
(37.4%) as compared to kharif 2017 this
could be highest in last five years (SOPA,
Indore MP). Improvement in the yield of
soybean grain and quality of soybean oil are
possible by use of new research
methodologies and by exploitation of recent
advances in biology (14).

corporation
office
Aurangabad
and
MAHABEEJ Akola. All these genotypes
were selected as base population for
experiment. This investigation was performed
as factorial experiment under Completely
Randomized Design (CRD) with five
replications.
Chemical Treatment
Seeds from all varieties were surface
sterilized with 1% Hgcl2 and rinsed twice in
distilled water. After that seeds were treated
with different concentrations of PEG 6000
(Polyethylene Glycol) 100ml of 5%, 10%,
15% and 20% along with control (100ml of
water).To avoid contamination all the process
carried out in laminar air flow.
Data collection and statistical analysis

Drought is one of the most important
environmental stress affect the growth and
development there by reducing the yield to
greater extent in many crops. Among the
oilseeds soybean plays key role as it contains
high protein content and it is highly sensitive
to drought stress. All root, shoot and
physiological parameters were inversely
correlated with the soil moisture level.
Adverse effect of drought on soybean
cultivars is found to be more evident (27). To
identify the tolerant genotypes at early growth
stages the soybean varieties are subjected to
different
PEG
concentrations
(17).
Biochemical parameters such as osmolytes
and antioxidant enzymes provide useful tools
for identification of drought tolerant wheat
cultivars at seedling stage (30).

After 7-10 days observations were made on
germination percentage and other biological
parameter such as plant shoot length, root
length, shoot fresh weight, root fresh weight,
shoot dry weight were recorded on 2025DAS.
Results and Discussion
Effect of drought stress on germination
The data on seed germination was influenced
by PEG concentrations as compared to
control and presented in table 1 and fig. 1
respectively. The highest germination
percentage was found in MAUS-162 and
PUSA 20 at concentration ranges from 5% to
20% and lowest germination percentage was
found in KDS-344. Other genotype shows
intermediate result to germination. It is
doubtful that the seed germination test could
be used as a reliable procedure for identifying
drought tolerant cultivar because it tended to
reflect differences in seed quality and had no
relation to field performance (20). Drought is

Materials and Methods
Biological material
The six soybean genotypes (JS-335, JS-93-05,
KDS-344, PUSA-20, MAUS-162 and MACS57) were collected from National seed
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one of the most important tension in reducing
the growth and production of plant. It can
affect many aspects of plant metabolism and
growth because this tension reduces
germination rate and percentage and finally
delays
establishment
of
plantlets
(31).According to the effect of PEG content
on the germination speed resulted data
revealed that increasing PEG% associated
with decrease in germination rate with
decreasing percentage. Drought stress had
different effects on the physiology of the
soybean cultivars the vegetative effects were
more obvious at the late stages of plants life
cycle of soybean cultivars which will
presumably affect on the yield component
trait and consequence the expected yield (16).
Water deficit stress significantly reduced the
rate and percentage of germination and
emergence and early seedling growth in
sorghum cultivars (28). Water potential
significantly reduced germination percent,
germination rate, root and shoot length, seed
vigour in corn (2).

barley cultivars (18). Also total leaf area,
specific leaf weight and specific leaf area
decreased with stress level increased. Grain
yield were significantly lower by stress when
it was applied at the booting stage in sorghum
(29). Rate of germination vigour index, shoot
and root length and seedling dry weight of all
wheat genotypes were delayed with the
increment of water stress induced by PEG (6).
Effect of drought stress on shoot fresh
weight
Reduction in fresh weight of all cultivars of
soybean was observed because of water
stress. The results indicated that fresh weight
of seedling decreased linearly as the PEG
concentration increased from 5% to 20%
respectively. Lowest fresh weight of seedlings
was observed in KDS-344 (0.48) at 15% and
(0.51) at 20% PEG concentrations. Some of
the workers in their in vitro studies on wheat
concluded that osmotic stress significantly
reduced the seed germination, shoot root
length, fresh and dry weight in wheat
genotypes (9) (Fig. 3). Second after KDS 344
other varieties JS 335 and JS 93-05 and
MACS 57 shows 0.64, 0.67 and 0.61 shoot
fresh weight at 20% PEG concentration
respectively. The maximum shoot fresh
weight was found in MAUS 162 (0.87) and
PUSA 20 (0.83) at 20% concentration.
Similar results were observed in maize
cultivars for germination percentage and rate,
shoot and root length, root number and shoot
and root fresh weight. Increased PEG
concentration
decreased
germination
percentage in maize (1). All PEG treatments
significantly reduce germination and retarded
seedling early growth in maize. Drought
resistant cultivar in maize were easily
screened by using PEG and using seedling
trait is a cost effective approach in achieving
rapid screening for tolerant or sensitive maize
genotypes in short time (8). Significant
positive correlation exist between the

Effect of drought stress on plant shoot
length
The effects of different PEG concentration on
shoot length are shown in table 2 and Fig. 2,
respectively. At 5% PEG concentration shoot
length was highest in MAUS-162 (5.72) and
PUSA-20 (5.10) and at 20% PEG
concentration both MAUS 162 and PUSA 20
shows highest shoot length 4.47 and 4.72
respectively. Lowest shoot length was found
in JS 335 (3.82) and KDS 344 (4.14) at 20%
PEG concentration. Decreased in osmotic
potential caused a reduction in germination
percentage and seedling growth in triticale
(25). There is significant differences observed
in germination percentage, coleoptile length,
shoot root length and seed vigor index in
wheat cultivars for drought tolerance (26).
The reduction in all biological parameters
regarding seedling growth was affected by
different PEG concentrations was noticed in
728
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important growth parameter like rate of
germination percentage, final germination
percentage, shoot dry weight, root dry weight
and vigor index in wheat genotypes (10).

Variation in germination, root and shoot
length, total fresh weight, total dry weight
under several PEG treatments was observed
in rice genotypes (7).

Table.1 Effect of drought stress on seed germination percentage
Treatment
Control
5%
10%
15%
20%

JS 335
80
100
80
60
80

Soybean varieties (Germination %)
JS 93-05 KDS 344 MAUS 162
MACS 57
100
100
100
100
80
100
100
60
80
60
80
60
60
80
100
80
60
60
80
80

PUSA 20
100
100
100
80
100

Table.2 Effects of drought stress on plant shoot length
Treatment
Control
5%
10%
15%
20%

JS 335
4.46
4.54
4.42
4.28
3.82

Soybean varieties (shoot length)
JS 93-05
KDS 344
MAUS 162
MACS 57
4.78
4.28
5.92
4.7
4.64
4.18
5.72
4.42
4.6
4.03
5.38
4.34
4.44
4.12
4.82
4.2
4.18
4.14
4.47
4.22

PUSA 20
5.32
5.1
5.04
4.88
4.72

Table.3 Effect of drought stress on plant shoot fresh weight
Treatment
Control
5%
10%
15%
20%

JS 335
1.4
0.97
0.81
0.74
0.64

Soybean varieties (shoot fresh weight)
JS 93-05 KDS 344 MAUS 162 MACS 57
1.47
1.6
1.98
1.83
0.87
0.84
1.43
0.67
0.73
0.56
1.18
0.7
0.8
0.48
0.91
0.68
0.67
0.51
0.87
0.61

PUSA 20
1.85
0.98
0.95
0.89
0.83

Table.4 Effect of drought stress on shoot dry weight
Treatment
Control
5%
10%
15%
20%

JS 335
0.755
0.098
0.051
0.057
0.066

Soybean varieties (shoot dry weight)
JS 93-05 KDS 344 MAUS 162 MACS 57
0.475
0.675
0.835
0.721
0.086
0.084
0.181
0.067
0.074
0.077
0.148
0.07
0.068
0.071
0.124
0.05
0.08
0.093
0.0988
0.066
729

PUSA 20
0.84
0.099
0.094
0.09
0.092
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Table.5 Effect of drought stress on root length
Treatment
Control
5%
10%
15%
20%

JS 335
4.3
3.45
2.95
3.1
2.5

Soybean varieties (root length)
JS 93-05
KDS 344
MAUS 162
MACS 57
4.52
4.6
5.05
3.15
3.8
3.65
4.55
3.6
3.3
3.1
4.38
3.25
3.7
3.5
3.87
2.8
2.24
3.12
4.1
2.85

Fig.1 Effect of drought stress on seed germination percentage

Fig.2 Effect of drought stress on plant shoot length

Fig.3 Effect of drought stress on plant shoot fresh weight
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PUSA 20
4.35
3.55
4.5
4.2
4
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Fig.4 Effect of drought stress on shoot dry weight

Fig.5 Effect of drought stress on root length

result of decrease in fresh weight, dry weight,
and relative water content was observed in
wheat varieties (19). The impact of osmotic
stress on various biological parameters was
checked in black gram. The various osmotic
potentials generated showed significant
decrease in germination and seedling growth
(24).Germination and early growth were
affected by drought stress. Decreasing water
potential or increasing moisture stress
adversely affect germination and all seedling
growth related characters in soybean
genotypes (5). Increasing the stress strength
of PEG caused a remarkable decrease in the
early seedling fresh and dry weight of
Medicago sativa (4). Drought significantly
affected germination as well all other
associated
traits.
Significant
genetic
variability in relation to genotypic
performance under drought stress was
observed in chickpea (11).

Effect of drought stress on shoot dry
weight
Shoot dry weight was significantly influenced
by the interaction effect of water stress and
soybean genotypes. The variable result was
observed in all soybean genotypes. The shoot
dry weight was higher at control in all
varieties ranges from 0.755 in JS 335 to 0.835
in MAUS 57. At 20% PEG concentration
shoot dry weight was highest in MACS 162
(0.O98) and PUSA 20 (0.092) (Fig. 4). The
soybean genotypes MAUS 162 and PUSA 20
shows good shoot dry weight at all PEG
concentration as compare to other genotypes.
Lowest dry weight was observed in MACS 57
(0.050) at 15% PEG concentration. The shoot
dry weight was reduced with increased water
stress. After that the varieties JS 335, JS 9305 and MACS 57 shows intermediate
response to all PEG concentrations. Similar
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57 genotypes of soybean were regarded
drought sensitive. Selection can be made on
all the observations at early growth stages.
PEG is an important drought inducer for
quick screening of germplasm in laboratory
conditions to identify drought tolerant
genotypes in soybean.

Effect of drought stress on root length
Reduction in the root length of all cultivars of
soybean was observed because of water stress
the results indicated that root length of
seedling decreased linearly as the PEG
concentration increased from 10 to 20%. The
highest root length was observed in MAUS162 (4.55) and PUSA-20 (3.55) at 5% PEG
concentration. Lowest root length was
observed in JS-335 (2.50) at 20% PEG
concentration. All other varieties shows
variable results for root length. Drought stress
can inhibit sown seeds and manipulate
germination parameters in soybean cultivars
germination ratio, root elongation decreased
as PEG concentration increased (21). A
remarkable reduction was noticed in tomato
germplasm in root and shoot length with
increasing PEG concentration (23). In vivo
screening of soybean genotypes provides
simple and quick identification of lines with
higher drought tolerance (3). Water stress
treatments significantly influenced the
emergence percentage, promptness index,
germination stress tolerance index, plant
height stress index, root length stress index,
primary root length and seed vigour of
different maize cultivar (22). Many workers
reported that mustard is sensitive to water
stress occurred during seed germination. Seed
germination and early seedling growth of
mustard were influenced by different water
stress levels (12) (Fig. 5).
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