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Abstract: The effect of salt and drought stress at the water potentials of -2, -4,-6 and -8 bars induced by NaCl and PEG 6000 (Polyethylene
glycol 6000) each, on germination and early seedling growth, were investigated for two varieties (PU-19 and Type-9). Electrical conductivity
(EC) value of the NaCl solutions were 4.5, 8.8, 12.7 and 16.3 dS m-1. Germination percentage, root and shoot length, and seedling fresh
and dry weight were measured in the study. The objective was to determine genotypic differences among P.mungo varieties in terms of salt
and drought stress and to determine factors(salt toxicity or osmotic stress due to PEG) inhibiting seed germination. The germination results
revealed that the genotypes significantly differed for salt and drought stress. PU-19 appeared to be more tolerant to salt and drought stress
comparable to var. Type-9. Both NaCl and PEG inhibited germination and seedling growth in both the varieties, but the effects of NaCl
compared to PEG was less on germination and seedling growth. All varieties were able to germinate at all NaCl levels without significant
decrease in germination, while a drastic decrease in germination was recorded at -6 and -8 bars of PEG. It was concluded that inhibition
in germination at equivalent water potential of NaCl and PEG was mainly due to an osmotic effect rather than salt toxicity.
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Introduction
Salinity and drought are the major environmental constraints
to crop productivity through out the arid and semi arid regions of the
world. Between 30 and 40% of the world irrigated agricultural lands
are prone to salinity (Foollad and Yin, 1997). Phaseolus mungo is
an important legume for human nutrition in the world. Plant growth of
P. mungo is sensitive to salinity and drought (Aouani et al., 1998).
The deleterious effects of salinity and drought on plant growth are
associated with (1) low osmotic potential of soil solution (water stress),
(2) nutritional imbalance, (3) specific ion effect (salt stress), or (4) a
combination of these factors. In addition to the use of traditional
breeding and plant genetic transformations, the use of plant growthpromoting micro-organisms may prove useful in developing
strategies to facilitate plant growth in saline soil (Mayak et al., 2004).
Lal (1985) indicated that earlier growth stage were more sensitive to
salinity than subsequent ones. Cerda et al. (1982) found useful
variation in salt tolerance of pea cultivars whose half maximal yield
was between 6 and 10 dS m-1.
Seed germination is usually the most critical stage in seedling
establishment, determining successful crop production (Almansourie
et al., 2001; Bhattacharjee, 2008). Crop establishment depend on
an interaction between seedbed environment and seed quality
(Brown et al., 1989; Khajeh-Hosseini et al., 2003). Factors adversely
affecting seed germination may include sensitivity to drought stress
(Wilson et al.,1985), and salt tolerance (Perry,1984; Sadeghian
and Yavari, 2004; Ozdener and Kutbay, 2008). Germination and
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seedling growth are reduced in saline soils with varying responses
for species and cultivars (Bliss et al., 1986; Hampson and Simpson,
1990). Salinity may also affect the germination of seeds by creating
an external osmotic potential that prevents water uptake or due to
toxic effects of Na+ and Cl- ions on the germinating seed (Redmann,
1974; Murrillo-Amador et al., 2002; Khajeh-Hosseini et al., 2003).
The relative importance of the osmotic or toxic effects of
NaCl and PEG on seed germination of P. mungo is not clear and this
study was conducted to determine the effect of NaCl and PEG on
seedling growth and germination and to determine factors responsible
for failure in seed germination under saline conditions comparing
various level of NaCl and PEG.
Materials and Methods
This study was carried out at the Department of Biotechnology,
Meerut Institute of Engineering and Technology, Meerut (U.P). The
seeds of P. mungo varieties PU-19 and Type-9 obtained from the
certified National Seed Corporation (Ltd.) shop, were used as material
and were treated with fungicide before planting. Drought stress was
induced by polyethylene glycol (PEG 6000) treatment. Four drought
stresses with different osmotic potentials of -2,-4,-6 and-8 bars were
arranged as described by Michel and Kaufmann (1973).Salt
concentrations that had the same osmotic potentials of -2, -4, -6 and
-8 bars (electrical conductivities of the solutions were 4.5, 8.8, 12.7
and 16.3 dS m-1, respectively) were adjusted using NaCl (Coons et
al., 1990). Distilled water served as a control.
Three replicates of 20 seeds of two varieties i.e. PU-19 and
Type 9 were germinated in 2 rolled Whatman filter papers with 10 ml
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of respective test solutions. The papers were replaced every 2 days
to prevent accumulation of salts (Rehman et al., 1996). In order to
prevent evaporation, each rolled paper was put into a sealed plastic
bag. Seeds were allowed to germinate at 20±1oC in the dark for 10
days. To determine the toxic effects of the solutions on germination,
non-germinated seeds in each treatment were transferred to distilled
water and counted for an additional 3 days. A seed was considered
to have germinated when the emerging radicle elongated to 1mm.
Germination percentage was recorded every 24 hr for 10 days.
Root and shoot length (cm), and seedling fresh and dry weights (mg
plant -1) were measured on the 10th day. Dry weights were measured
after drying samples at 70oC for 48 hr in an oven (Bohm, 1979).
The experimental design was 3 factorial, arranged in a
completely randomized design with 3 replications and 20 seeds per
replicate. The first factor was varieties (PU-19 and Type-9), the
second was solutions (NaCl and PEG) and the third was solution
levels (0, -2, -4, -6 and -8 bars). Significant effects of the treatments
were analyzed by analysis of variance.
Results and Discussion
Germination percentage was not significantly decreased by
NaCl solutions while it decline considerably with decreasing water potential
of PEG. The maximum decrease in germination percentage was
determined in PEG of Type-9 var. (5.2%) at -8 bars. The control (0
bars) showed differences among the varieties for germination percentage.
The lowest germination percentage in control (76.7%) was obtained
from Type-9 (Table 1). Transfer of non germinated seeds from PEG
solution to the distilled water resulted 98% germination regardless of
osmotic potential (data not shown). It is evident that PEG was not toxic. It
was noted that germination time was delayed by decreasing water
potential. Drought affected more adversely than did NaCl.
Increasing NaCl resulted in decrease in root length in var.
PU-19, where as in var. Type-9, root length initially increase but
latter it decline as the water potential of NaCl increased. If we compare
the root length between the two varieties, PU-19 gave the high
values at all water potential of NaCl (Fig. 1). No variety were able to
grow roots at -6 and -8 bars of PEG. NaCl had a stimulating effect on
the growth of Type-9 up to a certain limit of growth.
The highest shoot length was determined in PU-19 in all
NaCl concentration. Shoot length was influenced by both salt and
drought stress but inhibition was greater in PEG (Fig. 2). No shoot
length was recorded in variety Type-9 at -2 bars or PU-19 at -4
bars. Water stresses depressed the shoot growth of the varieties
rather than their root growth.
Decreasing water potential by NaCl and PEG caused a
remarkable decrease in seedling fresh weight (Table 2). Differences
determined among the varieties were significant. Although the varieties
showed different responses to each NaCl and PEG concentration,
the highest values were observed PU-19 in NaCl. NaCl reduced
the seedling fresh weight of PU-19; however, it increased seedling
fresh weight of Type-9.
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Table - 1: Change in germination percentage of P. mungo varieties at different
osmotic potentials of NaCl and PEG at 10 days
Germination percentage (%)
Varieties
PU-19

Type-9

Bars

NaCl

PEG

NaCl

PEG

0
-2
-4
-6
-8

100
96.7
96.7
98.1
95.0

100
98.3
81.7
38.3
17.7

76.7
78.0
69.0
62.0
55.0

76.7
65.0
13.3
11.6
5.2

Table - 2: Seedling fresh weight of P. mungo varieties at different osmotic
potentials of NaCl and PEG at 10 days
Seedling fresh weight (mg plant-1)
Varieties
PU-19

Type-9

Bars

NaCl

PEG

NaCl

PEG

0
-2
-4
-6
-8

0.83
0.62
0.51
0.39
0.22

0.83
0.11
0
0
0

0.18
0.29
0.25
0.26
0.16

0.18
0
0
0
0

Table - 3: Seedling dry weight of P. mungo varieties at different osmotic
potentials of NaCl and PEG at 10 days
Seedling dry weight (mg plant-1)
Varieties
PU-19

Type-9

Bars

NaCl

PEG

NaCl

PEG

0
-2
-4
-6
-8

0.065
0.043
0.037
0.029
0.024

0.065
0.019
0
0
0

0.011
0.029
0.022
0.027
0.020

0.011
0
0
0
0

Seedling dry weight showed a trend similar to that of fresh
weight, and depending on the decline in seedling fresh weight in
var. PU-19, dry weight of this variety (PU-19) decreased with
increasing NaCl and PEG (Table 3).With in these two varieties,
PU-19 appeared more tolerant to salt and drought stress compared
to Type 9.
NaCl and PEG adversely affected the germination and
seedling growth of P.mungo but PEG had a greater inhibitory
effect than did NaCl. Our results agree with those given by MurilloAmador et al. (2002), who observed that NaCl had a lesser
effect on the germination and seedling growth of cowpea than did
PEG and Sadeghian and Yavari (2004), who stated that seedling
growth was severely diminished by water stress in sugar beet.
More over, distinct genetic difference were found among the
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of a moisture content that allowed germination. Khajeh-Hosseini
et al. (2003) suggested that the achievement in NaCl solutions
was due to rapid imbibition in soyabean seeds.
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In the germination and early seedling growth stages, the
investigated varieties showed different response to water and salt
stress. Var.PU-19 was more tolerant than var.Type-9. Furthermore,
germination failure due to NaCl resulted from an osmotic barrier
induced by NaCl. However, seedling growth was more sensitive to
salt stress than was germination.
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Fig. 1: Root length of P. mungo varieties at different osmotic potentials of
NaCl and PEG at 10 days
6
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Fig. 2: Shoot length of P. mungo varieties at different osmotic potentials of
NaCl and PEG at 10 days

varieties with respect to germination and seedling growth subjected
to NaCl and PEG. Germination percentage of both the varieties
varied with solutions and doses. Var.PU-19 showed better
germination percentage compared to var. Type-9. At the same
germination percentage is faster in NaCl than in PEG. KhajehHosseini et al. (2003) found faster germination in NaCl in
soyabean. Delgado et al. (1994), who studied the effects of salt
stress on growth and nitrogen fixation by pea, faba bean, common
bean and soya bean plants, indicated that pea was the most
sensitive legume among them (Ellis and Robert, 1980). Root and
shoot length and seedling fresh and dry-weight were decreased
by increasing NaCl and PEG concentrations. Consequently,
seedling growth was inhibited in P.mungo. Difference between
NaCl and PEG were significant for all investigated characters.
Inhibition of NaCl was less than that of PEG. Our results confirm
the findings of Khajeh-Hosseini et al. (2003) in soyabean and
those of Murillo-Amador et al. (2002) in cowpea. However, our
findings showed that NaCl had greater inhibitory effects on
seedling growth than on germination because no significant
decrease in germination in both the varieties was observed.
Higher final germination in NaCl than in PEG could be explained
by more rapid water uptake in NaCl solutions and achievements
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