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Abstract

Mung bean is a rich source of many nutrients with potential health benefits. It is a commonly used food in India. Water stress 
was induced by different PEG concentrations (2%, 4% and 6%) in Vigna radiata (Mung bean). The effect of PEG induced water 
stress on germination and early seedling growth stages was studied. The experiment was carried out in three replicates under 
complete randomised design. Results showed that water stress treatments significantly affected the germination percentage 
and other parameters. There was reduction in all parameters with increasing PEG concentrations. Based on these results Vigna 
radiata was found as sensitive to PEG induced water stress.
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Introduction

Several abiotic factors like drought, cold, flood, heat, elevated CO2 
level and light affect the plant growth. According to the available 
literature, climate change has a negative impact on agriculture 
production. 90% of global rural land area is affected by abiotic 
stress factors [7]. Abiotic stress is the primary cause of crop loss 
worldwide, reducing average yields for most major crop plants by 
more than 50% [6]. Drought stress is one of the most important 
environmental factors that reduce growth, development and pro-
duction of plants. It is one of the most devastating environmental 
stresses [36].

Water stress affects almost every developmental stage of the plant 
such as germination, seedling shoot length, root length and flow-
ering [17, 25]. It also increases mean germination time [35]. Mo-
stafavi et al., 2011 and Khodarahmpour, 2011, [18, 22] also reported 
the effect of water storage on germination and seedling growth 
in different crops. In general plants sense changes in climate and 
adjust their metabolism and growth according to their capacity. 
Generally plants tolerant to particular abiotic stress establish a 
metabolic homeostasis and carry on their growth without suffer-
ing stress induced injuries. On the other hand sensitive plants un-
able to establish tolerant mechanism, that results in their reduc-
tion in growth, ultimately leading to death [5, 14].

The polyethylene glycol (PEG), induced inhibition of germination 
has been attributed to osmotic stress [8, 30]. PEG is a polymer and 
considered as better chemical than others to induce water stress 
artificially [15, 21]. PEG has been used often as abiotic stress in-
ducer in many studies to screen drought tolerant germplasm (Al-
maghrabi 2012, Ahmad et al, 2013, Jatoi et al, 2014 and Basha et al., 
2015) [2, 3, 5, 13] and it also induces osmotic stress which is in in-
ductee to decrease water potential of the cell [11]. The increasing 
concentration of PEG caused a decrease in germination percent-
age, seedling vigor in certain crop plants [18].

Pulses are an important and essential source of dietary protein 
particularly in the predominantly vegetarian population of In-
dian subcontinent and constitute a significant part of diet. Vigna 
radiata L. (Mung bean) is an important pulse crop having high 
nutritive value. Seeds, sprouts and young pods are consumed as 
sources of proteins, vitamins and minerals, whereas plant parts 
are used as fodder and green manure [27]. Since it has nitrogen 
fixing properties that helps us to restore soil fertility. As compared 
to other legumes, proteins and carbohydrates derived from mung 
bean are easily digested and create less flatulence [26]. Vigna seeds 
have high amount of protein (24.3%), carbohydrate (60.4%) and 
fats (1.3%) [9]. Due to its palatable taste and nutritional quality, 
it has been used as iron rich whole source for baby food [24]. It is 
cultivated in India, China, Pakistan, Thailand, Indonesia, Burma, 
Philippines, Bangladesh, Vietnam, Laos, Cambodia, and in hot 
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and dry areas of Southern Europe and United States [33]. In In-
dia, it is produced in Karnataka, Andhra Pradesh, Tamil Nadu, 
Maharashtra, Orissa, Rajasthan, Uttar Pradesh, Gujarat, Madhya 
Pradesh, West Bengal and Punjab constituting 11.8% of all pulses 
[37]. Therefore, the present investigation was carried out to evalu-
ate germination characters and seedling growth of Vigna radiata 
against different concentrations of PEG.

Materials and Methods

All the experiments were conducted at Botany Laboratory, Kano-
ria PG Mahila Mahavidyalaya, Jaipur, Rajasthan, India, during Oc-
tober 2018-december 2018. Seeds of Vigna radiata were purchased 
from local market of Jaipur. Seeds were surface sterilized with 
0.1% mercuric chloride for 2 minutes. They were washed several 
times with distilled water to remove excess of mercuric chloride. 
30 seeds were placed for germination in the petridishes with cor-
responding PEG concentrations (2%, 4% and 6%) and kept in 
an incubator at 25˚C. The petridishes were irrigated daily with 
required amount of respective solution. Each treatment was rep-
licated thrice. Seedlings were allowed to grow up to 7 days after 
germination. Number of seeds germinated and the seed germina-
tion characters were recorded manually.

Result and Discussion

PEG had an inhibitory effect on germination percentage. There 
was a continuous decrease in the percentage germination with the 
increase of PEG concentration. In control there was 100% germi-
nation. At 2% and 4%, it was decreased by 15%, while at 6%, the 
% germination was 80% (Table 1, Figure 1). All decreases were sig-
nificant in relation to control. PEG produced deleterious effects 
on seedling growth. A steady decline in the seedling growth was 
observed with the increase in PEG concentration. Water stress 
due to drought is one of the most significant abiotic factors that 

limit the seed germination, seedling growth, plant growth and 
yield [12, 32]. PEG molecules are inert, non-ionic, virtually im-
permeable chains and have been used frequently to induce water 
stress in crop plants [20, 25, 31]. The results were in agreement 
with the reports of Khayatnezhad et al., 2010, Khodarahmpour 
2011 and Mostafavi et al., 2011, Basha et al., 2015 and Partheeban 
et al., 2017 [5, 17, 18, 22, 23]. Ayaz et al., 2001, [4] reported the 
decrease in seed germination under stress conditions. It is due to 
some metabolic disorders. Increasing drought stress level caused 
delay in seedling emergence as a result of reduced cell division 
and plant growth metabolism. Water stress affects almost every 
developmental stage of the plant. However, the adverse effect of 
PEG stress was more noted on various growth stages such as ger-
mination, seedling shoot length, root length and flowering [17, 
25]. Shoot length was decreased at all concentrations. At 6% con-
centration, there was no shoot development was recorded (Table 
1, Figure 2). A significant sharp decrease was observed in roots at 
6% as compared to control (Table 1, Figure 2). The root length was 
found to be higher at control (2.2cms, Table 1). Roots are the pri-
marily affected plant part under water stress conditions than any 
other parts [10]. Root traits of all varieties provided useful infor-
mation against different levels of PEG and this is very important 
attribute to study the drought stress. The germplasm which has 
better growth under stressed environment may have drought tol-
erance mechanism [28]. 

A strong negative correlation between root-shoot length and PEG 
concentrations had been observed. All the concentrations showed 
common trend i.e. reduction rate in root-shoot length with in-
creasing concentrations of PEG. The decline in shoot length traits 
in response to induced osmotic stress is a commonly observed 
phenomenon which depends on the tolerance capacity of the 
plant. Waseem et al., (2006), Kulkarni and Deshpande, (2007), 
Aazami et al., (2010) and Basha et al., (2015), [1, 5, 19, 34] reported 
decrease in growth rate with increasing osmotic stress. Different 

Table 1. Effect of various concentrations of PEG on different growth parameters.

S.No Parameters Control 2% 4% 6%
1 Germination (%) 100 85 85 80
2 Mean root length (cms) 2.2 1.5 1.3 1.1
3 Mean shoot length (cms) 0.6 0.25 0.1 0
4 Mean seedling length (cms) 3.1 2.1 1.6 1.5
5 Seedling vigour index 2.79 1.78 1.36 1.20
6 Mean seedling fresh weight (gms) 2.37 1.75 1.58 1.46
7 Mean seedling dry weight (gms) 1.25 0.68 0.65 0.61

Figure 1. Effect of various concentrations of PEG on germination percentage.
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levels of PEG significantly influenced seedling vigor index. Vigor 
index was found higher at control and lowest at 6% concentra-
tion. The results of seedling vigor index showed that the speed of 
germination was reduced with the increase in PEG concentrations 
(Figure 3). Shaban (2013)[29], investigated that, as water is one of 
the primary requirements in seed germination and due to water 
stress (developed by PEG), there is great reduction in germination 
ability of seeds. 

Seedling fresh weight and dry weight were also significantly affect-
ed by the different concentrations of PEG. Both fresh weight and 
dry weight of the seedling, demonstrated the continuous reduc-

tion in all concentrations as compared to the control (Figure 4).

Conclusion

The aim of this investigation was to determine the potential of 
PEG on Vigna radiata L. growth. The results revealed that PEG 
retards the germination of stressed seeds, seedling length, root-
shoot length and seedling vigor index. All characters were de-
creased with an increase in PEG concentrations. At 6% PEG stress, 
the shoot did not emerged. Based on these results Vigna radiata L. 
was found as sensitive to PEG induced drought stress.

Figure 2. Effect of different concentrations of PEG on mean root, shoot and seedling length.

Figure 3. Effect of different concentrations of PEG on seedling vigor index.

Figure 4. Effect of different concentrations of PEG on mean fresh and dry weight.
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