
Journal of Plant Stress Physiology 2021, 7: 32-41
doi:  10.25081/jpsp.2021.v7.7150
https://updatepublishing.com/journal/index.php/jpsp

32	 J	Plant	Stress	Physiol	 •	 2021	 •	 Vol	7

INTRODUCTION

Pulses have been treated as the most cultivated and consumed 
legumes and some of them such as cowpea (Vigna unguiculata), 
green gram (Vigna radiata), black gram (Vigna mungo), pigeon 
pea (Cajanus cajan), lentil (Lens culinaris), and grass pea 
(Lathyrus sativus) are also being grown as alternative staple crops 
particularly in marginal and harsh areas of the world (Deikman 
et al., 2012; Ara´ujo et al., 2015). Pulses are known as the major 
source of proteins in the vegetarian diet of Indian population. 
Additionally, pulses are the preferred crops in Indian agriculture 
by contributing to the soil with nutrients for the next cycle 
crops (Mittler, 2006).

Unfortunately, various abiotic stresses are known to cause huge 
damage to legume crops and reduce yields all over the world. In 
general, drought, salinity, water logging, extreme temperatures 
and heavy metals are known to impose serious abiotic stress 
constraints to plant growth and development leading to drastic 
reduction in yield for major crop plants (Bray et al., 2000).

However, in recent past, it has been experienced that salinity 
and drought stresses minimize the food and fodder production 
worldwide and continuous increase in dry climatic conditions 
globally causes frequent occurrence of drought even on fertile 
and agriculture lands (Hu & Schmidhalter, 2005; Lieu et al., 
2015). In general, these stresses have been considered as the 
primary causes of legume crops failures in India. Significantly, 
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full seed germination after 3- and 7-days of stress treatments respectively. After 7-days of mannitol stress treatments, results 
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to be lethal, toxic and inhibits seed germination completely. Furthermore, in comparison to mannitol, PEG turns out as 
strong osmotic stressors and (15%) of PEG was proved to very lethal for seed germination. Even during early seedling growth, 
increased concentrations of both mannitol and PEG were found to be inhibitory. Among two herbicides, the result shows 
that both herbicides (dicamba and picloram) were proved to be completely toxic and lethal even at very low concentration 
(5mg/L) and induced abnormal seed germination and inhibited completely seedling growth. However, inhibitory response 
of picloram herbicide stress on seed germination was found to be more pronounced and severe than dicamba herbicide. 
Hence, present study reveals that in comparison to mannitol, PEG turns out as strong osmotic stressor while picloram proves 
to be relatively more toxic herbicide than dicamba for seed germination. Additionally, drought stress induced seedlings on 
transfer to soil exhibit inhibited growth under continuous irrigation with either mannitol or PEG solutions.
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pulses are known to have narrow genetic base and thus in order 
to incorporate desirable characters against abiotic stresses, use 
of alternative technology or transgenic production for improving 
legume crops has been also suggested (Singh et al., 2016).

Drought stress has been found to affect adversely the seed 
germination, plant growth and development (Ashraf et al., 2002; 
Almaghrabi & Abdelomoneim, 2012; Vibhuti Shahi et al., 2015) 
and eventually cause heavy reduction in crop yields. Production 
of crops that could be resistance to severe drought would be 
always significant; however, increasing crop yield in drought-
prone areas always requires the optimization of the physiological 
processes involved in plant response to soil water crisis.

Additionally, in modern agriculture system, herbicides and 
pesticides are commonly being used to increase in crop 
productivity in terms of both yield and quality but their 
excessive and improper use cause a big burden for the desired 
crops and environment both. Moreover, it is believed that 
some of these toxic chemical compounds persist in plant and 
its products (Lyndon & Darlington, 1998; Jame et al., 1999) 
and further in turn cause harmful effects on both animal and 
human health (Castro et al., 2005).

It is further reported that herbicides cause negative impacts on 
photosynthesis in growing crops and moreover, use of excess 
herbicides shows a considerable reduction in photosynthetic 
pigment synthesis, carbon assimilation and efficiency of 
pigment system II (PSII) (Nabiha et al., 2014). However, 
screening of herbicide tolerant genotypes in cultivated crops 
has been poorly investigated including pulse crops in general 
and mung bean in particular. During evaluation of the initial 
development of bean seedlings, low doses of glyphosate were 
found to inhibit radicle and hypocotyls formation (Oliveira 
et al., 2013). Of late, the presence of glyphosate herbicide doses 
was found to reduce common bean seed germination and vigor 
(Ávila et al., 2020).

Furthermore, germination and seedling development is known 
as very important requirement for early establishment of plants 
under stress condition and therefore, selecting varieties for rapid 
and uniform germination under abiotic stress conditions can 
contribute towards early seedling establishment. Hence, based 
on the importance of legume crops and gradual reduction in 
pulse yields due to various abiotic stresses, present study was 
undertaken to evaluate the physiological and morphological 
responses of mung bean (Vigna radiata L.) on seed germination 
and early seedling growth under water and herbicide stress 
conditions.

MATERIALS AND METHODS

Seed Collection and Sterilization

Seeds of mung bean (Vigna radiata L.) a wild cultivar, were 
collected from PASIC, Puducherry (India). Healthy and uniform 
seeds of mung bean were selected and washed thoroughly 
with teepol-20 and further were surface sterilized with ethanol 

(70%) for a minute followed by HgCl2 (0.1%) treatments for 
7-8 minutes.

Stress Treatments

Drought stress

Various concentrations of mannitol solutions (50mM, 100mM, 
250mM, 500mM, 750mM, and 1000mM) and polyethylene glycol 
(PEG-6000) solutions (5%, 10%, 15%, 20%, and 25%) were employed 
to treat the seeds in order to induce water or osmotic stress.

Herbicide Stress

To understand the sensitivity response of herbicides on mung 
bean seed germination and early seedling growth; dicamba (3, 
6-dichloro-2-methoxybenzoic acid) and pictogram (4-amino-3, 
5, 6-trichloro-2-pyridine carboxylic acid) were employed 
in various concentrations (5 mg/L, 25 mg/L, 50 mg/L, and 
100 mg/L) for each herbicide.

Further, sterilized seeds were washed 3-4 times with distilled 
water and were soaked in the respective concentrations of stress 
inducing solutions (mannitol, PEG, dicamba, and picloram) 
for 3hrs. The soaked seeds were further transferred in sterile 
petridishes (9.0cm diameter) lined with two sterile filter papers 
with 5.0ml of distilled water as control experiment or the 
respective test solutions for drought (mannitol and PEG) and 
herbicide (dicamba and picloram) stress experiments.

Furthermore, 10-15 seeds per petridish were considered for each 
treatment and two replicates in each treatment were performed. 
Germination tests were conducted under dark condition at 
normal room temperature (25-300C). A seed was considered 
germinated when radicle was 2 mm long. The germination 
percentage was determined counting the number of germinated 
seeds on the 3rdday for partial seed germination and 7th day of 
the treatments for the complete seed germination.

Transplantation of Seedlings to Soil

To begin with 7-days old germinated seedlings growing in 
sterile petridishes (9.0cm diameter) lined with two sterile filter 
papers supplemented with respective stress (mannitol and PEG) 
solutions were transferred to disposable glass contained with 
autoclaved soil. Further, transplanted seedlings were kept on 
irrigation with respective concentrations of stress (mannitol/
PEG) solutions and observations were recorded.

Statistical Analysis

Statistical data were performed after first count (3rd day after 
treatments) and final count (7th day after treatments). Moreover, 
germination percentage (GP) and germination rate (GR) was 
calculated by the following formulae (Ruan et al., 2002); GP = 
Number of total germinated seeds/Total number of seeds tested 
×100; GR= Number of Germinated seeds/3rd Day of Count+ 
Number of Germinated seeds/7th Day of Count.
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During this study, all the treatments were repeated two times and 
data are expressed as mean germination (%) and shoot-root lengths 
(cm) with standard error (S.E.). Moreover, the statistical analyses 
were generated by applying SPSS statistical software package.

RESULTS

Effects of Drought Stress

Seed germination and growth of mung bean seedlings were 
significantly affected by drought stress induced by various 
concentrations of mannitol and PEG. Moreover, variations in 
green gram seed responses were based on concentrations of 
stressors and also on durations of treatments.

Effect of mannitol-stress on seed germination

In control experiment, seeds were found to exhibit the 
indication of germination next day of the treatments but the 
complete emergence of radicle and plumule could be seen at the 
end of 3rd day of treatment. Moreover, after 3rd day of treatments, 
in control experiment and lower concentration of mannitol 
treated solutions (50mM and 100mM); seeds were found to 
exhibit quick germination with full emergence of radicle and 
plumule while with higher mannitol concentrations (250mM 
and 500mM), seeds could show relatively slow and inhibited 
germination. However, at very high concentrations of mannitol 
(750mM and 1000mM), initiation of seed germination was 
completely lacking up to 3rd day of treatments.

At the end of 7th day of treatments, seeds normally germinated 
and developed into the healthy seedlings (Figure 1A) 
and moreover, the seeds that were growing with lower 
concentrations of mannitol (50mM and 100 mM) solutions 
were found to show similar responses and seedlings could be 
found similar to control treatments (Figure 1B). However, 
further increase in concentration of mannitol (250mM) could 
show slight inhibitions in seed germination and seedling growth 
(Figure 1 C).

Significantly, seeds that were treated with further high 
concentration (500mM) of mannitol solution were seen to 
exhibit strong reduction and inhibitions in seed germination 
and seedling growth (Figure 1 D). Moreover, these poorly grown 
seedlings were failed to grow further into mature seedlings even 
after 10-days of treatments and finally died. Remarkably, further 
increase in mannitol concentrations (750mM and 1000mM) 
were proved to be toxic and seed germination was completely 
inhibited even after 10-days of mannitol treatments.

Effect of PEG-stress on seed germination

Similar to mannitol response, seed germination initiation could 
be observed within 3rd day of PEG treatments particularly with 
the lower concentrations (5% and 10%) of PEG solutions, while 
seeds treated with further high concentration (15%) of PEG 
solutions were failed to show germination initiation; however, 
emergence of radicle only could be seen rarely.

After 7th day of PEG treatments, seeds growing in very low 
concentration of PEG (5%) solution were found to be almost 
similar to the control seedlings (Figure 1 E & A) respectively 
indicating the non-inhibitory role of PEG to induce water 
stress inhibition on seed germination while further increase in 
PEG concentration (10%) was found to be slightly inhibitory 
in terms of seedlings elongation (Figure 1 F). However, strong 
inhibition on seed germination due to PEG induced water stress 
could be visible in the seeds that were treated with further high 
concentration (15%) of PEG solutions (Figure 1 G).

Rate of seed germination under mannitol- stress

During mannitol stress treatments, mean percentage of seed 
germination was found to decline with the increase in mannitol 
concentrations in the treatment solutions and therefore, 
at lower concentrations of mannitol (50mM and 100mM), 
the germination mean was recorded to be (74%±0.71 and 
69%±0.35) respectively in comparison to the control experiment 
(91%±0.74) after 7-days of treatments (Table 1). Further, 
increase in mannitol concentrations (250mM and 500mM) 
were proved to cause relatively more inhibitions, therefore, 
the rate of seed germination was recorded as (50%±0.21and 
35%±0.14) respectively while with very high concentrations 
of mannitol (750 mM and 1000 mM), seed germination was 
completely inhibited.

Rate of seed germination under PEG-stress

After 7th day of treatments, mean percentage of seed germination 
could be recorded as (81% ±0.35) and (79%±0.28) in case of 
seeds that were treated with lower concentrations (5% and 
10%) of PEG solutions respectively in comparison to control 
experiment (91%±0.74) (Table 2). This result indicates a very 
slight reduction in mean percentage of seed germination due to 
osmotic stress inhibition caused by the lower concentrations of 
PEG (5% and 10%).In contrast, higher concentrations (15% and 
above) of PEG were proved to inhibit seed germination strongly.

Effects of Herbicide Stress

During present study, responses of mung bean during seed 
germination and growth of seedlings were significantly affected 
by various concentrations and durations of dicamba and 
picloram herbicides.

Effect of herbicide dicamba- stress on seed germination

Similar to control experiments, the seeds that were treated 
with lower concentrations of dicamba solutions (5mg/L and 
25mg/L) were found to show the beginning of germination at 
the end of 3rd day of treatments but these germinated seeds were 
further found to be abnormal in terms of inhibition in hypocotyl 
elongation and gradually appeared to be swollen. However, in 
contrast seeds that were growing with high concentrations of 
dicamba (50mg/L and 100mg/L) solutions could show merely 
the proliferation of cotyledons and emergence of radicles.
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At the end of 7th day of treatments, normal seed germination 
was not seen in the dicamba treated seeds and instead abnormal 
swelling in hypocotyl was apparent in poorly germinated 
seeds. Results further indicate that herbicide dicamba even 
at a very low concentration (5mg/L) proves to be toxic and 
inhibits the normal pattern of seed germination (Figure 1H). 
Remarkably, the deformation or morphological abnormalities 
in germinating seeds were found to be more prominent and 
severe in seeds that were treated with higher concentrations 
(25mg/L and 50mg/L) of dicamba (Figure 1I & J)solutions 
respectively. Moreover, even after 10-days of dicamba herbicide 
treatments, these abnormally germinated seeds were failed to 
grow into normal seedlings and finally necrosed.

Table 1: Effect of various concentrations of mannitol induced 
drought stress on seed germination and early seedling growth 
in mung bean (Vigna radiata L.)
S. 
No.

Concentration 
of Mannitol
(mM)

3rd day 7th day Shoot Length 
(cm)

Root Length 
(cm)

Mean 
Germination
(%) ± S.E.

Mean 
Germination
(%) ± S.E.

Mean ± S.E.Mean ± S.E.

1 Control 69±0.35 91±0.74 5.55±0.47 4.28±0.37
2 50 35±0.21 74±0.71 4.5±0.81 3.17±0.71
3 100 33±0.14 69±0.35 3.84±0.45 2.41±0.76
4 250 15±0.07 50±0.21 3.56±0.51 1.97±0.62
5 500 2±0 35±0.14 0 0.28±0.88
6 750 0 0 0 0
7 1000 0 0 0 0

Figure 1: (A-L)–Vigna radiata L., Effects of drought (mannitol and PEG) and herbicide (dicamba and picloram) stress on seed germination in 
mung bean after 7-days of treatments. (A) Control (B) Mannitol-100mM (C) Mannitol-250mM (D) Mannitol-500mM (E) PEG-5% (F) PEG-10% 
(G) PEG-15% (H) Dicamba-5mg/L (I) Dicamba-25mg/L (J) Dicamba-50mg/L (K) Picloram-5mg/L (L) Picloram-25mg/L
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Effect of herbicide picloram- stress on seed germination

Similar to dicamba herbicide response on mung bean seed 
germination, lower concentrations (5mg/L and 25mg/L) 
of picloram herbicide treatments also were found to show 
beginning of seed germination but immediately exhibited 
inhibitions in elongation of radicle and plumule even within 
3rd day of treatments. However, with further high concentration 
of picloram (50mg/L) treatment, few seeds could exhibit the 
proliferation of cotyledons and emergence of radicles while 
majority of the treated seeds were found to be non-responsive. 
Moreover, strong inhibition in seed germination was seen in 
the seeds that were treated with the very high concentration 
(100mg/L) of picloram solution and seeds were completely failed 
to show even the symptoms of germination initiation.

At the end of 7th day of treatments, poorly germinated seeds 
were found to exhibit the inhibitions in elongation of radicle and 
plumule leading to abnormal appearance in the morphology with 
all the tested concentrations of picloram solutions. Moreover, 
morphological abnormalities in germinating seeds were also 
visible in seeds that were treated with lower concentrations 
(5mg/L and 25mg/L) of picloram herbicide (Figure 1 K & L). 
Additionally, with higher concentrations (50mg/L and 100mg/L) 
of picloram treatments, inhibitions in germinating seeds were 
found to be more prominent.

Significantly, these partially and abnormally germinating seeds 
were failed to grow into normal seedlings and finally necrosed 
after 10-days of picloram treatments. Results indicate that 
similar to dicamba herbicide, picloram also exhibits inhibitory 
response even at a very low concentration (5mg/L), however, 
picloram shows more toxicity than dicamba and alters the 
metabolic processes critically that are required for seed 
germination.

Rate of seed germination under herbicide stress

In case of control treatment, germination percentage was found 
to be (69%±0.35 and 91% ±0.74) and, moreover, seedlings after 
3rd day and 7th day of the treatments respectively whereas, it was 
found to be zero with both dicamba and picloram solutions with 
the very low concentration (5mg/L). Moreover, both herbicides 
were found to exhibit very strong inhibitions in seed germination 

and altered the seeds to germinate with abnormal morphology 
(Tables 3 & 4).

Effect of mannitol stress on early seedling growth

Growth and height of the seedlings were significantly affected 
by water stress caused by mannitol and PEG. In case of mannitol 
treatments, seedling growth was found to be similar to the 
control seedlings particularly at low (50mM) concentration of 
mannitol (Figure 2 A) and shoot-root length ratio was recorded 
as (4.5cm ±0.81/3.17cm ±0.71) in comparison to control 
(5.55cm ±0.47/4.28cm ±0.37) (Table 1).

However, the seedlings that were growing with mannitol (100 
mM) solutions were found to be slightly shorter and less 
elongated (3.84cm ±0.45/2.41cm ±0.76) than the control 
seedlings (Figure 2 B). With further high concentration of 
mannitol (250mM), seedlings lengths as shoot-root ratio 
(3.56cm ±0.51/1.97cm ±0.62) were recorded and seedlings 
were appeared to be very slow and strongly inhibited (Figure 2 
C). Significantly, poorly germinated seedlings without shoot 
(0.0cm/0.28cm ±0.88) growing with mannitol (500 mM) 
solutions were failed to develop into mature seedlings.

Effect of PEG stress on early seedling growth

In contrast to mannitol treatments, PEG treatment (5%) 
exhibited normal seedling growth (3.84cm ±0.45/2.34cm 
±0.29) at the end of 7th day of treatments and treated seedlings 
were appeared to be the similar to the control (5.55cm 
±0.47/4.28cm ±0.37) seedlings (Table 2, Figure 2 D). While 
further increase in PEG concentration (10%), was found to be 
slightly inhibitory for seedling growth and seedlings lengths as 
shoot-root ratio (3.11cm ±0.71/2.65cm ±0.7) were found to be 
little shorter (Figure 2 E). However, seeds that were treated with 
high concentration (15%) of PEG solution could show merely 
the emergence of radicle and were failed to grow further into 
seedlings (Figure 2 F).

Effects of drought stress during early seedling growth in 
soil

Hence, in comparison to control seedlings, there were gradual 
inhibitions in seedlings elongations growing with mannitol 
solutions. Further, 7-day-old seedlings were transferred to soil 

Table 2: Effect of various concentrations of polyethylene glycol 
(PEG) induced drought stress on seed germination and early 
seedling growth in mung bean (Vigna radiata L.)
S. 
No.

Concentration 
of PEG

(%)

3rd day 7th day Shoot Length 
(cm)

Root Length 
(cm)

Mean 
Germination
(%) ± S.E.

Mean 
Germination
(%) ± S.E.

Mean ± S.E Mean ± S.E.

1 Control 69±0.35 91±0.74 5.55±0.47 4.28±0.37
2 5 42±0.14 81±0.35 3.84±0.45 2.34±0.29
3 10 33±0.07 79±0.28 3.11±0.71 2.65±0.7
4 15 0 0 0 0
5 20 0 0 0 0
6 25 0 0 0 0

Table 3: Effect of various concentrations of dicamba herbicide 
induced stress on seed germination and early seedling growth 
in mung bean (Vigna radiata L.)
S. 
No.

Concentration 
of Dicamba

(mg/L)

3rd day 7th day Shoot Length 
(cm)

Root Length 
(cm)

Mean 
Germination
(%) ± S.E.

Mean 
Germination
(%) ± S.E.

Mean ± S.E Mean ± S.E.

1 Control 69±0.35 91±0.74 5.55±0.47 4.28±0.37
2 5 0 0 0 0
3 25 0 0 0 0
4 50 0 0 0 0
5 100 0 0 0 0



Figure 2: (A-F)–Vigna radiata L., Effects of drought (mannitol 
and PEG) stress on seedling growth in mung bean after 7-days 
of treatments.  (A) Control+Mannitol-50mM (B) Control+Mannitol-
100mM (C) Control+Mannitol-250mM (D) Control+PEG-5% 
(E) Control+PEG-10% (F) Control+PEG-15%.
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Figure 3: (A-E)–Vigna radiata L., Drought (mannitol and PEG) stress 
treated mung bean seedlings are growing in soil supplemented 
with respective stress solutions after 10-days of treatments.
(A) Control+Mannitol-50mM (B) Control+Mannitol-100mM and 
(C) Control+Mannitol-250mM (D) Control+ PEG-5% (E) Control+ 
PEG-10%
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and were given treatments with respective concentrations of 
mannitol solutions. Significantly, gradual inhibitions during 
early seedling growths could be observed in seedlings that were 
growing with increased concentrations of mannitol (50mM, 
100mM and 250mM) solutions (Figure 3 A, B & C) respectively 
in soil.

During PEG treatments also, gradual inhibitions in shoot and 
root elongations were seen in the seedlings that were treated 
with the increased PEG concentration solutions. To begin with, 
7-day-old seedlings treated with PEG solutions (5% and 10%) 
were transferred to soils and further seedlings were irrigated 
with respective PEG solutions (Figure 3 D & E) respectively. 
Moreover, after 10-days of treatments, early seedling growths 
were found to be strongly inhibited in case of PEG (10%) treated 
seedlings (Figure 3 E).

DISCUSSION

Abiotic stresses like drought, water logging, high salinity, heavy 
metals, excess heat, frost, and ultraviolet-B light irradiance 
(UV-B) have been extensively known in plants (Mittler, 2006; 
Barnabás et al., 2008; Bhargava et al.,2008; Munns & Tester, 
2008; Bhargava et al., 2012; Hasanuzzaman et al., 2013; Pereira, 
2016; Suzuki et al., 2014; Hinojosa et al., 2018). Additionally, it 
is also realized that the uncontrolled use of fertilizers, pesticides 
and weedicides in the agricultural lands affect crop productivity 
and also convert cultivable lands to unfertile and barren.

Effects of Drought Stress

It is documented that drought problems for mung beans are 
already under the worsening state with the rapid expansion 
of water stressed areas of the world by 2030 (Postel, 2000). 
Moreover, mung bean yield is more dependent on an adequate 
supply of water than on any other single environmental factor 
(Kramer & Boyer, 1997). Additionally, mung bean cultivation has 
been known to undergo significant drought period particularly 
in low country dry zone which is the major constrain of growth 
and pod filling (Ranawake et al., 2011).

Further, it is argued that dehydration avoidance and desiccation 
tolerance could be the major mechanisms by which plants resist 
drought stress (Beebe et al., 2013). Moreover, it is suggested that 

dehydration avoidance involves the amelioration of drought 
effects by reducing either the water deficit or the crop’s exposure 
to it, and also increases the plant’s potentials to maintain its 
water status during soil water shortage conditions. Further, early 
maturity could be the one of the most common and partial 

Table 4: Effect of various concentrations of picloram herbicide 
induced stress on seed germination and early seedling growth 
in mung bean (Vigna radiaata L.)
S. 
No.

Concentration 
of Picloram

(mg/L)

3rd day 7th day Shoot Length 
(cm)

Root Length 
(cm)

Mean 
Germination
(%) ± S.E.

Mean 
Germination
(%) ± S.E.

Mean  ± S.E.Mean ± S.E.

1 Control 69±0.35 91±0.74 5.55±0.47 4.28±0.37
2 5 0 0 0 0
3 25 0 0 0 0
4 50 0 0 0 0
5 100 0 0 0 0
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escape mechanisms to minimize the exposures of crops to 
terminal drought (White & Singh, 1991).

It was further documented that photosynthesis together with 
cell growth, is among the primary processes to be affected by 
drought (Chaves, 1991). Additionally, impact of water deficit 
on carbon metabolism results in changes in the pool of sugars 
used for signaling cellular processes or substrates for biopolymers 
like cellulose, starch and proteins (Chaves et al., 2009; Liu et al., 
2013). Similarly, the scarcity of water may exert an adverse effect 
upon seed germination and embryo growth rate in the field; 
however, several sorghum cultivars have been reported that are 
adapted well to semi-arid areas (Patane et al., 2013).

Moreover, in soybean seed as a model legume, several studies 
have been performed under greenhouse controlled conditions to 
understand the physiological mechanisms activated by drought 
on flowering, pod abortion, pod expansion, seed yield and 
individual seed weight (Desclaux & Roumet, 1996; Desclaux 
et al., 2000; Liu et al., 2003, 2004).

During present study, mannitol at lower concentrations (50mM 
and 100mM) were recorded as insufficient to cause water stress, 
thus seed germination and seedling growth was slightly affected 
adversely in comparison to the control seedlings. Moreover, 
mannitol even with high dose concentration (500mM), was 
found to be significantly ineffective to inhibit seed germination 
indicating that mannitol is either not competent enough to 
induce osmotic stress during seed germination or the cultivar is 
significantly tolerant to osmotic stress. However, results reveal 
that very high concentration (750mM) of mannitol proves to be 
fully lethal and shows toxicity for mung bean seed germination.

Additionally, a non-penetrating osmotic agent polyethylene 
glycol (PEG) is known to reduce the water potential of the 
medium and moreover has been used extensively to stimulate 
drought stress in plants (Smith et al., 1986). During present 
study, in contrast of mannitol, polyethylene glycol (PEG) proves 
to be strong stressor and PEG (15%) could be proved strongly 
effective to show the water stress effects and inhibits seed 
germination completely while in contrast, lower concentrations 
(5% and 10%) were proved to be inefficient to cause water stress 
and inhibitions in seed germination.

In an earlier study on in vitro regeneration, mannitol is known 
as neither supports in vitro tissue growth nor is it metabolized 
by higher plants and moreover, in comparison to PEG, mannitol 
is found as ineffective to stimulate somatic embryogenesis. 
Present study is also in conformity with the statements that 
mannitol causes a less stress effects on the germination and 
seedling growth in cowpea than PEG (Murillo-Amador et al., 
2002). However, in contrast, mannitol was found to cause severe 
damage during seed germination by inducing water stress in 
sugar beet (Sadeghian & Yavari, 2004).

Recently, in V. radiata, germination percentage was also found 
to decrease in all tested hybrids along with the increase in PEG 
concentrations (5% and 10%) induced drought stress (Saima 
et al., 2018). Moreover, it is suggested that inorganic ions are 

not inhibitory compared to mannitol and polyethylene glycol 
(PEG) in several halophytes (Ungar, 1978) and seeds are mainly 
affected by osmotic stress rather than specific ion toxicities 
(Zhang et al., 2010).

In the present investigation, drought stress greatly affects seed 
germination, but the response intensity and adverse effect of 
drought stress depend on the concentrations of mannitol and 
PEG. Amongst the stressor varieties, the high concentration of 
mannitol (750 mM) proves to be completely toxic while PEG 
shows the toxicity level at 15% and above. Moreover, when petri 
dish grown seedlings were transplanted to soil and irrigated with 
respective concentrations of mannitol as well as PEG solutions, 
inhibitory response on seedling growth was observed and such 
responses were found to be dependent on concentrations of 
osmotic stressors solutions.

Effects of Herbicides Stress

In modern agriculture system, chemical weed control has been 
undertaken as preferred approach to conventional methods and 
is an integral part of the current crop production system (Patel 
et al., 2006). In practice, weeds are being controlled effectively 
by using selective herbicides. In case of severe weed attack, 
the use of proper herbicide turns out to be inevitable for the 
control of weeds and therefore, chemical weed control method is 
realized as preferred approach over other weed control methods 
because it is quicker, more effective and relatively cheaper (Shah 
et al.,1989).

However, on the other hand, the continuous use of herbicides 
may cause weed resistance to herbicides and weed shift problem 
(Zhang, 2003). Further, it is suggested that chemical weed 
control causes a significant negative effects on crop plant height 
and grain yield resulting a lower number of seeds to germinate 
and determine a plant density lower than the planned one (Avola 
et al., 2008). In general, the herbicide 2,4-D is used for broadleaf 
weed control in agricultural and non-agricultural conditions 
and glyphosate is commonly used as a non-selective herbicide 
to control all weeds before crop sowing. However, glyphosate is 
also known as very poorly effective on some weeds, such as the 
Ipomoea species (Culpepper et al., 2001).

Furthermore, it was observed that Urena lobata seedlings were 
failed to survive when sprayed with bispyribac-sodium while 
total weed control could be possible if 2,4-D was used either 
with glyphosate or thiobencarb. These herbicides generally 
reduce the shoot and root biomass by 99% –100% and result to 
total weed control while some other herbicides fenoxaprop-p-
ethyl with ethoxysulfuron give poor weed control. Significantly, 
glyphosate application to control U. lobata is possible only when 
there is no rice crop in the field (Awan et al., 2014).

Moreover, in order to increase the legume yields, farmers have 
been found to use high dose of various agrochemicals like 
herbicides, insecticides, pesticides and other fertilizers during 
cultivation of legume crops in the field. Hence, during this 
study, experiments were undertaken to understand the lethal 
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effects of herbicide stress like dicamba and picloram during seed 
germination and seedling growth in mung bean legume crop.

Dicamba is known to kill annual and perennial broadleaf 
weeds and it is commercially used weed control chemical for 
grain crops and turf areas. Moreover, in combination with 
a phenoxy herbicide or with other herbicides, dicamba can 
be used for weed control in crop land and other non-crop 
areas. Dicamba is toxic to conifer species but in general is 
less toxic to grasses (Arnold et al., 2011). However, picloram is 
a systemic herbicide used for general woody plant control 
and a wide range of broad-leaved weeds but most grasses are 
known to be resistant.

During present study, uses of two herbicides (dicamba and 
picloram) have been proved equally very toxic for seed 
germination. Moreover, even the low concentration (5mg/L) 
of these two herbicides was proved to be lethal and normal 
germination was strongly inhibited. Significantly, partially 
germinated seeds turn out to be morphologically very abnormal 
and gradually die under the treatments of dicamba and picloram 
herbicides both. However, picloram herbicide proves to be 
more toxic and lethal than dicamba when both herbicides were 
employed alone at the equivalent concentrations.

Similar inhibitory responses in terms of morphological changes 
in plants have been also recorded when herbicides were 
employed either alone or in combination (Kumar & Singh, 
2010). Furthermore, a significant reduction in shoot length was 
also seen with the application of herbicides such as isoproturon 
and 2,4-D (Khan et al., 2004, 2018).

Further, it is seen that when herbicides are applied to the 
soil then these herbicides not only affect the weed seed 
germination but also inhibit the crop growth as well (Barker, 
2007). Similarly, when legumes were exposed to several 
herbicides then process of nodulation and nitrogen fixation 
in these crops were found to drastically reduce (Drew et al., 
2007). Additionally in Vigna radiata, a remarkable reduction in 
protein content was recorded with the application of Atrazine 
herbicide (Alvi et al., 2003).

In another study, the phytotoxic effect of herbicides on chickpea 
plant height demonstrates that pre-emergence herbicides 
(pendimethalin and s-metolachlor) are more effective in 
controlling the plant height as compared to the post-emergence 
herbicides (clodinafop-propargyl, fenoxaprop-p-ethyl and 
di-methyl urea). Moreover, it is suggested that remarkable 
reduction in the growth of plant might be due to reduction 
in photosynthates production or slower the translocation of 
photosynthates to the tops (Qasim, 2005).

Furthermore, such depressive effects of herbicides on crops 
suggest that the occurrence of low plant height in herbicides 
treated plants is based on the facts that herbicides greatly 
reduce the weed attack but affect the plants by reducing the 
plant height and other growth parameters (Barker, 2007; Khan 
et al., 2018).

CONCLUSION

This study in mung bean legume crop concludes that mannitol 
at very high concentration (750mM) exhibits toxicity and 
inhibits complete seed germination due to water stress induction 
while PEG shows the toxicity symptoms at low concentration 
(15%). Similarly, both herbicides (dicamba and picloram) were 
proved to be very toxic for the seed germination even at very 
low concentration (5 mg/L). However, the inhibitory stress 
response caused by herbicide picloram on seed germination 
was found to be more pronounced and lethal than dicamba 
herbicide. During early seedling growth, both mannitol and PEG 
prove to be inhibitory with their increased concentrations and 
moreover, reduced seedling lengths were observed. Additionally, 
on transplantation of drought stress-treated seedlings in soil 
were also found to exhibit inhibitions in seedling growth with 
the increase in concentrations of osmotic stressors (mannitol 
or PEG).

REFERENCES

Almaghrabi, O. A., & Abdelomoneim, T. S. (2012).Using of Arbuscular 
mycorrhizal fungi to reduce the deficiency effect of phosphorous 
fertilization on maize plants (Zea mays L.). Life Science Journal, 
9 (4), 1648–54.

Alvi, S., Perveev, R., Naqvi, I. M., & Shaukat, S. S. (2003). Effect of atrazine 
on absorption and translocation of P32, chlorophyll, carbohydrate, 
protein and potassium contents in bean Vignaradiata (L.)Wilczek. 
Asian Journal of Plant Science, 6(3), 249-251.

Ara´ujo, S., Beebe, S., Crespi, M., Delbreil, B., Gonz´alez, E.M., 
Gruber, V., Lejeune-Henaut, I., Link, W., Monteros, M.J., Prats, E., 
Rao, I., Vadez, V., & VazPatto, M.C. (2015). Abiotic stress responses 
in legumes: strategies used to cope with environmental challenges. 
Critical Reviews in Plant Sciences, 34, 237–280. https://doi.org/10.1
080/07352689.2014.898450

Arnold, P. A., & Franz, M. (2011).“Weed Control,” In Ullmann’s Encyclopedia 
of Industrial Chemistry, Wiley-VCH, Weinheim. https://doi.
org/10.1002/14356007.o28_o01

Ashraf, M. Y., Sarwar, G., Ashraf, M., Afaf, R., & Sattar, A. (2002). Salinity 
induced changes in α-amylase activity during germination and early 
cotton seedling growth. Biologia Plantarum, 45, 589–91. https://doi.
org/10.1023/A:1022338900818

Ávila de, J., Cardoso, F. B., Lima de, S. F., Barzotto, G. R., & Zanella, M. S. 
(2020). Presence of glyphosate can harm the germination of bean 
seeds treated with biostimulant. Bioscience Journal, 36(1), 122-132. 
https://doi.org/10.14393/BJ-v36n1a2020-42441

Avola, G., Tuttobene, R., Gresta, F., & Abbate, V. (2008). Weed control 
strategies for grain legumes. Agronomy for Sustainable Development, 
28(1), 389-395. https://doi.org/10.1051/agro:2008019

Awan, T. H., Chauhan, B. S., & Cruz, P. C. S. (2014). Influence of 
environmental factors on the germination of Urenalobata L. and 
its response to herbicides. PLoS ONE, 9(3): e90305. https://doi.
org/10.1371/journal.pone.0090305

Barker, B. (2007). Broad leaf weed control in chickpeas shows potential. 
Available from: http://www.topcropmanager.com/content/
view/1010/67/

Barnabás, B., Jäger, K., & Fehér, A. (2008).The effect of drought and heat 
stress on reproductive processes in cereals. Plant Cell Environment, 
31, 11–38. https://doi.org/10.1111/j.1365-3040.2007.01727.x

Beebe, S., Rao, I. M., Blair, M., & Acosta, J. (2013). Phenotyping common 
beans for adaptation to drought. Frontiers in Plant Physiology, 4, 35. 
https://doi.org/10.3389/fphys.2013.00035

Bhargava, A., Carmona, F. F., Bhargava, M., & Srivastava, S. (2012). 
Approaches for enhanced phytoextraction of heavy metals. Journal of 
Environmental Management, 105, 103–120. https://doi.org/10.1016/j.
jenvman.2012.04.002

Bhargava, A., Shukla, S., Srivastava, J., Singh, N., & Ohri, D. (2008). 
Chenopodium: A prospective plant for phytoextraction. Acta 



Vikrant et al.

40	 J	Plant	Stress	Physiol	 •	 2021	 •	 Vol	7

Physiologia Plantarum, 30(1), 111–120. https://doi.org/10.1007/
s11738-007-0097-3

Bray, E. A., Bailey-Serres, J., & Weretilnyk, E. (2000). Responses to 
abiotic stresses, In W. Gruissem, B. Buchannan, R. Jones (Eds.), 
Biochemistry and Molecular Biology of Plants, American Society of 
Plant Physiologists (pp 1158-1249), Rockville, MD.

Castro, A. J., Carapito, C., Magné, N. Z. C., Leize, E., Dorsselaer, A. V., & 
Clément, C. (2005). Proteomic analysis of grapevine (Vitis vinifera L.) 
tissues subjected to herbicide stress. Journal of Experimental Botany, 
56 (421), 2783-2795. https://doi.org/10.1093/jxb/eri271

Chaves, M. M. (1991). Effects of water deficits on carbon assimilation. 
Journal of Experimental Botany, 42, 1-16. https://doi.org/10.1093/
jxb/42.1.1

Chaves, M. M., Flexas, J., & Pinheiro, C. (2009). Photosynthesis under 
drought and salt stress: regulation mechanisms from whole plant 
to cell. Annals of Botany, 103, 551–560. https://doi.org/10.1093/aob/
mcn125

Culpepper, A. S., Gimenez, A. E., York, A. C., Batts, R. B., & Wilcut, J. W. 
(2001). Morningglory (Ipomoea spp.) and large crabgrass (Digitaria 
sanguinalis) control with glyphosate and 2,4-D mixtures in glyphosate-
resistant soybean (Glycine max). Weed Technology, 15, 56–61. 
https://doi.org/10.1614/0890-037X(2001)015[0056:MISALC]2.0.CO;2

Deikman, J., Petracek, M., & Heard, J. E. (2012). Drought tolerance through 
biotechnology: improving translation from the laboratory to farmers’ 
fields. Current Opinion in Biotechnology, 23, 243–250. https://doi.
org/10.1016/j.copbio.2011.11.003

Desclaux, D. & Roumet, P. (1996). Impact of drought stress on the 
phenology of two soybean Glycine max L. Merr cultivars. Field Crops 
Research, 46, 61–70. https://doi.org/10.1016/0378-4290(95)00086-0

Desclaux, D., Huynh, T. T., & Roumet, P. (2000). Identification of soybean 
plant characteristics that indicate the timing of drought stress. Crop 
Science, 40, 716. https://doi.org/10.2135/cropsci2000.403716x

Drew, E. A., Gupta, V. V. S. R., & Roget, D. K. (2007). Herbicide use, 
productivity, and nitrogen fixation in field pea (Pisum sativum). 
Australian Journal of Agricultural Research, 58, 1204-1214. https://
doi.org/10.1071/AR06394

Hasanuzzaman, M., Nahar, K., Alam, M. M., Roychowdhury, R., &  
Fujita, M. (2013). Physiological, biochemical, and molecular 
mechanisms of heat stress tolerance in plants. International Journal 
of Molecular Sciences, 14, 9643–9684. https://doi.org/10.3390/
ijms14059643

Hinojosa, L., González, J. A., Felipe, H., Barrios-Masias, Fuentes, F., & 
Murphy, K. M. (2018). Quinoa Abiotic Stress Responses: A Review. 
Plants, 7, 106. https://doi.org/10.3390/plants7040106

Hu, Y. & Schmidhalter, U. (2005). Drought and salinity: A comparison of their 
effects on mineral nutrition of plants. Journal of Plant Nutrition and 
Soil Science, 168, 541-549. https://doi.org/10.1002/jpln.200420516

Jame, Y. W., Cesnna, A. J., Biederbeck, V. O., Grover, R., Smith, A. E., 
& Korven, H. C. (1999). Herbicide residues and yield effects from 
repeated flood-irrigations of alfalfa with water containing monouron 
or simazine. Canadian Journal of Plant Sciences, 79, 639–645. https://
doi.org/10.4141/P98-106

Khan, I. A., Khan, R., Jan, A., & Ali Shah, S. M. (2018). Studies on tolerance 
of chickpea to some pre and post-emergence herbicides. Emirates 
Journal of Food and Agriculture, 30 (9), 725-731. https://doi.
org/10.9755/ejfa.2018.v30.i9.1804

Khan, M. S., Aamil, M., & Zaidi, A. (2004). Influence of Herbicides on 
Chickpea- Mesorhizobium Symbiosis. Agronomie, 24, 123-127. 
https://doi.org/10.1051/agro:2004009

Kramer, P. J., & Boyer, J. S. (1997). Water relations of plants and soils. In I. 
San Diago Arrese, E. M. Gonzalez, D. Mariano, R. Landera, E. Larraiza, 
& E. Gil-Quintana. Physiological response of legume nodules to 
drought, Plant stress, Global Science book, 5, 24-31. Academic Press.

Kumar, S. & Singh, A.K. (2010). A review on herbicide 2,4-D damage 
reports in wheat (Triticum aestivum L.). Journal of Chemical and 
Pharmaceutical Research, 2 (6), 118-124.

Liu, F., Andersen, M. N., & Jensen, C. R. (2003). Loss of pod set caused by 
drought stress is associated with water status and ABA content of 
reproductive structures in soybean. Functional Plant Biology, 30(3), 
271–280. https://doi.org/10.1071/FP02185

Liu, F., Jensen, C. R., & Andersen, M. N. (2004). Drought stress effect 
on carbohydrate concentration in soybean leaves and pods during 
early reproductive development: its implication in altering pod set. 
Field Crops Research, 86, 1–13. https://doi.org/10.1016/S0378-

4290(03)00165-5
Liu, M., Li, M., Liu, K., & Sui, N. (2015). Effects of drought stress on seed 

germination and seedling growth of different maize varieties. Journal 
of Agricultural Science, 7(5), 231-240. https://doi.org/10.5539/jas.
v7n5p231

Liu, Y. H., Offler, C. E., & Ruan, Y. L. (2013). Regulation of fruit and 
seed response to heat and drought by sugars as nutrients and 
signals. Frontiers in Plant Science, 4, 282. https://doi.org/10.3389/
fpls.2013.00282

Lyndon, J. & Darlington, L. (1998). Herbicide residues in leaves of 
Erythroxylum coca var. coca plants treated with soil-applied 
tebuthiuron and hexazinone. Journal of Environmental Sciences and 
Health, 33, 581–594. https://doi.org/10.1080/03601239809373164

Manavalan, L. P., Guttikonda, S. K., Tran, L-S., & Nguyen, H. T. (2009). 
Physiological and molecular approaches to improve drought 
resistance in soybean. Plant Cell Physiology, 50, 1260–1276. https://
doi.org/10.1093/pcp/pcp082

Mittler, R. (2006). Abiotic stress, the field environment and stress 
combination. Trends in Plant Science, 11, 15–19. https://doi.
org/10.1016/j.tplants.2005.11.002

Munns, R. & Tester, M. (2008). Mechanisms of salinity tolerance. Annual 
Review of Plant Biology, 59, 651–681. https://doi.org/10.1146/
annurev.arplant.59.032607.092911

Murillo-Amador, B., Lopez-Aguilar, R., Kaya, C., Larrinaga-Mayoral, J., 
& Flores-Hernandez, A. (2002).Comparative effects of NaCl and 
polyethylene glycol on germination, emergence and seedling growth 
of cowpea. Journal of Agronomy and Crop Science, 188 (4), 235–247. 
https://doi.org/10.1046/j.1439-037X.2002.00563.x

Oliveira, R. S. G. P., Silva, J. E. N., Silva, F. C. C., Bezerra, J. L. S., & 
Melhorança Filho, A. L. (2013). Effect of glyphosate subdoses on 
germination and initial development of feijoeiro. Revista Eletrônicade 
Biologia, 6(1), 35-47.

Nabiha, B., Reda, D. M., Noureddine, Z, & Houria, B. (2014). Differential 
response to treatment with herbicide chevalier induced oxidative 
stress in leaves of wheat. Annals of Biological Research, 5, 1-7.

Patane, C., Saita, A., & Sortino, O. (2013). Comparative effects of salt and 
water stress on seed germination and early embryo growth in two 
cultivars of sweet sorghum. Journal of Agronomy and Crop Science, 
199(1), 30-37 https://doi.org/10.1111/j.1439 037X.2012.00531

Patel, B. D., Patel, V. J., Patel, J. B., & Patel, R. B. (2006). Effect of fertilizers 
and weed management practices on weed control in chickpea (Cicer 
arietinum L.) under middle Gujarat conditions. Indian Journal of Crop 
Science, 1(1-2), 180-183.

Pereira A. (2016). Plant Abiotic Stress Challenges from the Changing 
Environment. Frontiers in Plant Science, 7, 1123. https://doi.
org/10.3389/fpls.2016.01123

Postel, S. L. (2000). Entering an era of water scarcity: The challenges 
ahead. Ecological Applications, 10, 941-948.

Qasim, J. R. (2005). Chemical control of weeds in onion (Allium cepa L.). 
Journal of Horticulture Science and Biotechnology, 80 (6), 721-726. 
https://doi.org/10.1080/14620316.2005.11512005

Ranawake, A.  L . ,  Dahanayaka,  N.,  Amarasingha, U.  G.  S. ,  
Rodrigo, W. D. R. J., & Rodrigo, U. T. D. (2011). Effect of water stress on 
growth and yield of Mung Bean (Vigna radiata L). Tropical Agricultural 
Research & Extension, 14(4). https://doi.org/10.4038/tare.v14i4.4851

Ruan, S., Xue, Q., & Thlkowska, K. (2002). Effect of seed priming on 
germination and health of rice (Oryza sativa L.) seeds. Seed Science 
and Technology, 30, 451-458.

Sadeghian, S. Y. & Yavari, N. (2004). Effect of water-deficit stress on 
germination and early seedling growth in sugar beet. Journal 
of Agronomy and Crop Science, 190(2), 138–144. https://doi.
org/10.1111/j.1439-037X.2004.00087.x

Saima, S., Li, G., & Wu, G. (2018). Effects of drought stress on hybrids 
of Vigna radiata at germination stage. Acta Biologica Hungarica, 
69, 481–492. https://doi.org/10.1556/018.69.2018.4.9

Shah, M. I., Jalis, A., Ramzan, M., & Iqbal, J. (1989). Chemical weed control 
in broadcast sown wheat under irrigated conditions. Journal of 
Agriculture Research, 3, 195-199.

Singh, P., Kumar, D., & Sarin, N. B. (2016). Multiple abiotic stress tolerance 
in Vigna mungo is altered by overexpression of ALDRXV4 gene via 
reactive carbonyl detoxification. Plant Molecular Biology, 91(3), 
257–273. https://doi.org/10.1007/s11103-016-0464-9

Smith, R. H., Bhaskaran, S., & Millar, F. R. (1986). Screening for draught 
tolerance in sorghum using cell cultures. In Vitro Cellular and 



Vikrant et al.

J	Plant	Stress	Physiol	 •	 2021	 •	 Vol	7		 41	

Developmental Biology, 21, 541. https://doi.org/10.1007/BF02620883
Suzuki, N., Rivero, R. M., Shulaev, V., Blumwald, E., & Mittler, R. (2014). 

Abiotic and biotic stress combinations. New Phytologist, 203, 32–43. 
https://doi.org/10.1111/nph.12797

Ungar, I. A. (1978). Halophyte seed germination. The Botanical Review, 
44(2), 233–264. https://doi.org/10.1007/BF02919080

Vibhuti Shahi, C., Bargali, K., & Bargali, S. S. (2015). Seed germination 
and seedling growth parameters of rice (Oryza sativa) varieties as 
affected by salt and water stress. Indian Journal of Agricultural 
Sciences, 85(1), 102–108.

White, J. W., & Singh, S. P. (1991). Sources and inheritance of earliness 
in tropically adapted indeterminate common bean. Euphytica, 55, 
15–19. https://doi.org/10.1007/BF00022554

Zhang, H., Irving, L. J., McGill, C., Matthew, C., Zhou, D., & Kemp, P. (2010). 
The effects of salinity and osmotic stress on barley germination rate: 
sodium as an osmotic regulator. Annals of Botany, 106(6), 1027–1035. 
https://doi.org/10.1093/aob/mcq204

Zhang, Z. P. (2003). Development of chemical weed control and integrated 
weed management in China. Weed Biology and Management, 3(4), 
197-203. https://doi.org/10.1046/j.1444-6162.2003.00105.x


