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Introduction

Abstract

Legumes are the most important source of food and fodder but due to climatic changes and global
warming; crops are consistently exposed to environmental stresses such as low water shortage,
high salinity, mineral toxicity and deficiency, extreme temperatures, etc. Drought is undoubtedly
the major constraint limiting plant growth and crop productivity worldwide. The present study
was conducted to assess the effect of drought on the growth of plant and productivity in three
different mungbean varieties [Vigna radiata (L.) Wilczek] i.e. IPM 02-3, RMG 975 and IPM 02-14.
The studied varieties exhibited significant variation in plant height, root length, pod length, pods/
plant, fresh weight of shoot, root and nodule, dry weight of shoot, root and nodule, number of
leaves/plant, plant leaf area, relative leaf water content (RLWC) and initiation day of flowering.
The effect of drought can better seen at the flowering stage and pod development stage that
ultimately reduces crop productivity. The deleterious effect of drought in terms of morpho-
physiological properties studied as above was more prominent in the variety IPM 02-14 in
comparison to RMG 975 and IPM 02-3. It can be concluded that varieties IPM 02-3 and RMG 975
are better adapted to drought condition.
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yields loss to the mungbean production (3). The
morphological, physiological and biological

Legume crops are the vital source to meet our
daily nutritional requirement. Most of the Indian
population is vegetarian in dietary habit and
pulses play a major role in providing protein (22%)
and other daily required nutrients (1). Drought is
an environmental condition when there is
continuous loss of water by transpiration and soil
water cannot replenish it (2). Drought being one of
the major constraints causing more than 50%
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characteristics of plant in every growth stage are
adversely affected by drought stress (4). According
to the IPCC (Intergovernmental Panel on Climate
Change) report, a serious threat to agriculture is
water deficit (5). Water stress affected agricultural
regions can undergo yield loss up to 50% or more
and up to 45% of world agricultural area is
covered by water deficit where 38% of the world
population resides (6). The response of plant
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under drought stress is usually observed by
studying the morphological and physiological
parameters which are potential indicators of
drought tolerance (7). Among all these
parameters, fresh weight and water content are
most affected parameters (8). The response
towards the drought stress varies according to
plant species and genotype, plant age,
developmental stage and severity of drought (9,
10).

Mungbean, popularly known as Golden
Bean, is a significant legume crop from the
nutritional viewpoint grown in tropical and
subtropical Asia especially for the vegetarian
population (11). In India, it is the third most
important crop that contains 59.9% carbohydrate,
24.5% protein and 3% vitamins (12). The seeds of
the crop are eaten as daal and leaves, green and
dried stalk are used as fodder (13). It is a short
duration crop (60-65 days), making it fit in mixed
cropping systems and crop rotation (14). As water
scarcity is major restraining factor for mungbean
production in arid and semiarid regions, there is
vital requirement to identify drought tolerant
varieties (15). Mungbean is mostly grown in
marginal lands which have limited sources for
crop improvement, making it more susceptible to
environmental constraints especially to drought
(16). Over the years, efforts in systematic breeding
program have led to the development of improved
varieties of mungbean but because of several
abiotic constraints the yield has not increased
substantially. Water stress reduce the growth of
mungbean at flowering and pod development
stage that significantly affect the plant height, seed
production, productivity and yield components
a.

The aim of this present work is to evaluate
varieties of Vigna radiata, viz., RMG 975, IPM 02-3
and IPM 02-14 for their drought tolerance
physiological attributes. Assessment of variable
growth parameters and relative performance of
mungbean varieties at early growth stage under
short term drought stress would be helpful to
identify the suitable variety in semi arid region
that may be advantageous in breeding programme
to develop the drought tolerant varieties.

Materials and Methods
Plant Material

The present study was conducted with three
different varieties of mungbean namely [Vigna
radiata (L.) Wilczek] cv. RMG 975, IPM 02-3 and
IPM 02-14 during kharif season (July- September)
2017. The seeds of utilized varieties were obtained
from Krishi Vigyan Kendra (KVK) Banasthali,
Rajasthan. All the experiments were conducted at
the Department of Bioscience and Biotechnology,
Banasthali Vidyapith (26.4083°N, 75.8649°E, mean
temperature 30.2 °C + 2 and rainfall 651 mm).
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Soil characterization

The soil for the plantation of each variety plant
was obtained from KVK field, Banasthali Vidyapith
campus. The collected soil was air dried and
passed through sieve (2 mm). The following soil
properties were determined: Electrical
conductivity (EC) of the soil suspension was
determined with an EC meter; pH of suspension
with soil: water at the ratio of 2:5 (w/v) was
measured by using a p” meter; organic carbon was
determined by Walkley and Black’s wet oxidation
method (1934), nitrogen (N) by Kjeldahl method,
phosphorus (P) through molybdate-ascorbic acid

procedure, available iron (Fe), copper (Cu),
manganese (Mn), and zinc (Zn) content
determined using atomic absorption

spectrophotometer (AAS). Available Sulphur in soil
was determined by turbidometric method (18) and
cation such as potassium (K) was also determined
(19). The available Boron was estimated by
spectrophotometric method (20).

Plant cultivation and drought stress

Surface sterilization of seeds was done by dipping
seeds in 95% ethanol momentarily and then in 2.5-
3% sodium hypochloride for 1-2 min. Then, the
seeds were rinsed several times with autoclaved
water, soaked in distilled water for the
germination at 28+2°C for 24 h. The germinated
seeds of each variety were then planted in earthen
pots (diameter-18 inch, height-22 inch); moistened
with autoclaved distilled water and kept in plant
growth chamber at 30+2°C under 16/8 h
photoperiod and watered regularly. Short term
water deficit stress was given to three week old
plants by withholding water supply for 4 days then
re-watered while control plants were allowed to
grow and watered regularly under normal growth
conditions.

Physiological characteristics

Plants were divided into two sets: Set 1 —well
watered plants which were watered regularly and
Set 2 —plants which were exposed to water deficit
stress by with-holding water for four days from 24
DAS (Days after sowing) to 28 DAS. The plants were
observed for wilting symptoms during drought
stage and the time required for recovery noted.
The % change in relative leaf water content
(RLWC) was determined. Initiation day of
flowering in well watered plants and drought
stressed plants was recorded. The physiological
parameters including plant height, root length, pod
length, average number of pod/plant, nodule
number, leaf number, leaf area, fresh weight of
root, shoot and nodule, dry weight of root, shoot
and nodule were noted at harvest.

Leaf area

Plant leaf area was recorded as per standard
methods (21, 22). The leaf length and width was
calculated and plant leaf area was measured by
using formula: Leaf area = 0.74x3xNi (LxWx7t/4)
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Where, L = length of the middle leaflet leaf (cm); W
= width of the middle leaflet (cm); m: 3.1416; N =
number of leaves.

Relative leaf water content (RLWC)

Relative leaf water content (RLWC), an important
factor determining the plant physiological water
(23). It was determined by cutting the fully
expanded top-most leaves and then weighed to
attain the fresh weight. The fresh leaves were then
soaked in water for 4 h in refrigerator. After 4h, to
remove the water content, leaves were blotted
with tissue paper and weighed to get the turgid
weight. The turgid leaves were oven-dried at 80 °C
for 24 h. The oven dried leaves were weighted to
attain the dry weight of leaves. The relative leaf
water content was determined using the formula:
RLWC (%) = [(FW-DW) / (TW-DW)] x 100; where,
FW = fresh weight of leaf; TW = turgid weight of
leaf; DW = dry weight of leaf (24, 25).

Statistical analyses

The main effect of Variety and Treatment are
statistically significant at 5% level of significance.
Analysis of Variance (ANOVA) - Duncan multiple
range test (DMRT) was conducted to detect
significant differences between means (p<0.05)
using SPSS software (20.0). After conducting post
host test using LSD, the difference between
varieties and their levels are statistically
significant at 5% level of significance.

Results and Discussion
Soil characteristics

The soil characteristics studied are represented in
Table 1. The soil nutrients play a significant role in
the plant growth productivity. A soil with enrich
nutrients enhance the plant growth and soil
fertility. Nutrients enrich soil also promotes root
growth so that the plants capture available
nutrients in sufficient amount (26). The soil used
in the study was slightly alkaline in nature. The
alkaline nature of soil is generally attributed to the
presence of free lime (27). Also, at higher soil pH,
the mineralization of organic matter increases
(28). The electric conductivity (EC) was found 0.34
dS m-1 which was under normal range (<1.0 dSm"
). The normal EC with light texture nature cause
the leaching of salt to lower horizons (29). Organic
carbon content (<0.68%) and nitrogen (<495.7 kg
ha') was found to be low The available
concentrations of P, K, and S (>15.6, >241.3 kg ha™
and >1.7 mg kg') are high respectively. The
analyzed micronutrient Fe and Cu was low and the
other micronutrients such as Zn, Mn and B is
sufficient for plant growth. Soil contains various
trace elements to enhance the photosynthetic rate.
Molybdenum (Mo) is efficient in nitrogen fixation
and a component of nitrate reductase which heips
in the production of ammonia (NH;) from
inorganic NO; and its deficiency affects yield and
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growth of mungbean (30). Micronutrients along
with Fe, Mo and Zn increase the nodulation
efficieny of mungbean so it also increases the
nitrogen fixation and chlorophyll content in the
leguminous plants (31). The soil collected from
KVK field, Banasthali Vidyapith campus was filled
in earthern pots (diameter: 7 cm, height: 8 cm)
with germinated seeds of respective three varieties
RMG 975, IPM 02-3 and IPM 02-14 and same
environmental condition was given the plant
varieties (Fig. 1). All the studied soil parameters
indicate it to be suitable for plant growth (32).

Physiological Properties

Drought stress affects the plant growth and crop
yield depending upon the plant variety and
severity of stress (Fig. 2). Among the V. radiata
varieties selected for the present study, the
varieties IPM02-3 and RMG 975 were found to

Table 1. Physiochemical properties of the soil

Property Soil parameters
EC (ds/m) 0.34 (medium)
Soil pH 7.77 (slight alkaline)
Organic carbon (%) 0.31 (low)
Nitrogen (kg ha?) 196.50 (low)
Phosphorous (kg ha?) 47.36 (high)
Potassium (kg ha) 537.60 (very high)
Sulfur (mg kg™) 29.00 (high)
Zinc (mgkg™) 1.14 (sufficient)
Iron (mg kg?) 3.02 (deficient)
Manganese (mg kg™) 1.85 (deficient)
Copper (mg kg?) 0.50 (deficient)

Boron (mg kg?) 2.85 (sufficient)

exhibit better adaptation and lower physiological
deterioration as compared to the variety IPM 02-14
when subjected to short term drought stress that
eventually depicts their differential tolerance
potential for the water deficit condition. It has
been reported that some mungbean varieties are
more drought tolerant, as they accumulate more
osmoregulators which help to overcome the effect
of drought (2, 33). The growth parameters were
more prominent in well watered plants as
compared to short term drought stressed plant in
terms of morpho-physiological properties are
represented in Table 2. The variety IPM 02-3
showed highest plant height both in well watered
and drought stressed plants at harvesting time and
the lowest plant height was noted in the variety
IPM 02-14 under drought stress. According to a
previous study (34), during drought stress, the cell
growth as well as enlargement gets reduced due to
low moisture availability.

Maximum root length was obtained in
variety IPM 02-3 (11.83 c¢m) and minimum root
length was attained in variety IPM 02-14 (6.33 cm)
under drought stress. Thus, more wilting was
observed during drought stress in this variety. It is
reported that water deficit tolerant variety of
mungbean averted more carbon to roots during
stress condition (35).
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Water deficit stress reduced leaf number
per plant. Among the plants exposed to drought
stress, the maximum number of leaves per plant
was noted in the variety IPM 02-3 and the lowest
was noted in IPM 02-14. It was reported that
drought stress affect the leave number as well as
leaf area development of mungbean (36). It is
reported that varietal difference for leaf area
measurement and dry mass at growth stage, could
be correlated with genetic makeup of the varieties
(37). Data represented in Table 2, reflects that in
the well watered set, the variety IPM 02-3 has
maximum number of pods per plant as well as pod
length (6.73cm) and under drought induced
condition, IPM 02-14 has lower pod number and
pod length (4.93 cm). It is previously reported that
drought stress caused yield loss mainly by pod
abortion (38). Variation in pod length of Mungbean
varieties has also been reported Parvez et al. (39).
The maximum pod length was noted under well
watered conditions in the variety IPM 02-3 (6.73
cm) and lowest pod length was noted in the
drought induced variety IPM 02-14 (4.93 cm).

Average fresh weight (biomass) of shoot,
root and root nodule decreased significantly in the
plants subjected to drought stress. The maximum
root, root nodule and shoot fresh weight were
attained by variety IPM 02-3 under well water
condition and minimum was noted among plants
of variety IPM 02-14 under drought stress. The
number of root nodules and biomass has been
reported to be greatly reduced under drought
stress in soybean (40). Thus, it is possible that IPM
02-3 and RMG 975 have greater drought tolerance
potential than IPM 02-14. The dry weight of shoot,
root and root nodule was recorded in well watered
and drought stressed for all three mungbean

Plant Science Today (2019) 6(sp1): 623-630

varieties. The highest dry weight of root, nodule
and shoot was recorded in well watered IPM 02-3
variety and least in drought stress treated IPM 02-
14 plant variety. The highest reduction in dry
weight in IPM 02-14 indicates its sensitivity to
drought. Some previous studies concluded that as
water stress increased, the shoot dry matter was
progressively reduced in mungbean (36). It is
reported that well watered plants converted dry
matter to grains and pods significantly while the
drought induced plants converted dry matter to
roots and shoots (41).

The highest number of nodules was
recorded in IPM 02-3 under well watered
conditions and minimum number of nodule was
noted in IPM 02-14 when subjected to drought (Fig.
3). It is reported that nitrogen fixation capacity of
leguminous plants decreases with environmental
constrains such as drought (42) along with
alteration in nodule structure and weight (43). The
% decrease in nodule number was maximum in
variety IPM 02-14 (31.69%) and minimum in IPM
02-3 (20.95%). Days to first flowering vary in
different varieties and % delay in flowering in
drought stress was recorded in the plants. Because
of late maturity, the first flowering day delayed in
drought stressed plants as compared to well
watered plants. The minimum % delay in
flowering was recorded 20% in IPM 02-3 and
maximum % delay in flowering was observed in
IPM 02-14 (27%). It has been reported that the seed
yield of mungbean had direct relation with flower
production and flowering duration (44).

Leaf area

Drought was also found to have profound effect on
plant leaf area which reduced on exposure to

Fig. 1. Mungbean plants under well watered condition: 1(a)IPM 02-3, 1(b) RMG 975, 1(c) IPM 02-14 (d) root of IPM 02-3, 1(e) root of

RMG 975, 1 (f) root of IPM 02-14.
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Fig. 2. Mungbean plants under drought stress condition: 2(a) IPM 02-3, 2(b) RMG 975, 2(c) IPM 02-14, 2(d) root of IPM 02-3, 2(e) root

of RMG 975, 2(f) root of IPM 02-14.

Fig. 3. Mungbean root nodules under well watered and drought stress conditions: 3(a) IPM 02-3, 3(b) RMG 975, 3(c) IPM 02-14, 3(d)
drought stressed IPM 02-3, 3(e) drought stressed RMG 975, 3(f) drought stressed IPM 02-14.

drought stress. Earlier conducted study has also
reported reduction in plant leaf area due to water
deficit (45). The highest leaf area under well
watered condition was obtained in variety IPM 02-
3 (30.84 cm?) and lowest was in IPM 02-14 (21.48
cm?). Same as with drought stressed plants-the
highest was obtained in variety IPM 02-3 (23.20
cm?) and lowest in variety IPM 02-14 (19.17 cm?). It
is reported that the decrease in leaf area is due to

ISSN: 2348-1900

the decrease in cell number and cell size reduction
under drought stress (46, 47).

Relative leaf water content

Degree of drought stress is calculated by
measuring the Relative leaf water content of the
plant that helps to evaluate a plant’s water status
under normal or drought conditions. The %
decrease in RLWC with respect to well watered
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Table 2. Growth parameters of IPM 02-3, RMG975 and IPM 02-14 at plant harvesting stage. Results are mean + standard deviation
(SD), data followed by same alphabets in a row are not significant at P=0.05)

Varieties
Characters IPM 02-3 (0) RMG 975 (1) IPM 02-14 (2)
Control Drought Control Drought Control Drought

Plant Height (cm) 36.33 £ 0.57¢ 35.66 + 0.28° 36.00 + 0.50° 33.50+0.50> 30.70 % 0.152 29.83 +0.76*
Root Length (cm) 11.83+0.76¢ 11.50 + 0.50¢ 11.50 + 0.50¢ 11.43 + 0.40¢ 8.33+0.57° 6.33+0.57°
Leaf Area (cm?) 30.84 + 0.19¢ 23.20 £1.02¢ 29.47 £ 0.57¢ 21.07 +1.09* 21.48 + 1.77* 19.17 + 0.69*
Leaf number/plant 13.66 £ 0.57¢ 9.33+0.57 11.33+0.57° 9.00 + 1.00? 9.33+0.57° 8.33 +1.15°
Pod per plant 8.33+0.57¢ 5.66 + 0.57" 6.66 + 0.57" 5.66 + 0.57" 3.66 +0.57* 2.66 + 0.57*
Pod Length (cm) 6.73 £ 0.11¢ 5.63 +0.23" 6.16 £+ 0.11° 5.20 £ 0.43* 5.16 £ 0.15* 4.93 + 0.20°
Nodule number 22.66 +1.15° 16.00 + 1.00¢ 20.00 + 1.00¢ 16.33 £ 0.57¢ 13.66 + 0.57" 9.33+0.57*
FW Shoot (gm) 2.47 + 0.07¢ 2.20 £ 0.08¢ 2.45 + 0.04¢ 2.08 £ 0.05°¢ 1.94 + 0.10° 1.32 £ 0.07*
FW Root (gm) 0.39 £ 0.01° 0.26 + 0.03* 0.37 £ 0.03" 0.25 + 0.02° 0.24 + 0.04* 0.22 + 0.00*
FW Nodule (gm) 0.16 + 0.00° 0.09 + 0.00¢ 0.16 + 0.00° 0.08 + 0.00" 0.11 + 0.00¢ 0.06 + 0.00*
DW Shoot (gm) 0.74 + 0.05" 0.62 + 0.09" 0.71 + 0.07* 0.40 + 0.05* 0.41 + 0.09* 0.38 +0.07*
DW Root (gm) 0.09 + 0.00¢ 0.07 + 0.00" 0.08 + 0.00¢ 0.08 + 0.00" 0.07 + 0.00° 0.06 + 0.00*

DW Nodule (gm) 0.018 £ 0.000°  0.013 £0.001®  0.017 £0.001°  0.009 + 0.000° 0.009 + 0.001*  0.008 + 0.001°

LRWC 86.73+1.92°  84.83+1.66°  85.00 + 1.60° 79.63+3.09>  76.16 £ 1.04*  64.23 +2.12°

Flowering time (Days) 35 42 34 43 37 47
plants was highest in variety IPM 02-14 (15.66%) Acknowledgements

and lowest was in IPM 02-3 (2.10%). Reduced
RLWC values illustrate that physiological activity
of plant might be affected by adverse water deficit
conditions, which could also affect the plant
photosynthetic rate (48). So, the non-stressed
plants have higher RWC than stressed plants (49).
The highest leaf relative water content was found
in well watered IPM 02-3 and lowest was found in
drought stressed variety IPM 02-14.

Conclusion

In the present work, all the three varieties gave
significantly  different  morphological and
physiological parameters under same

environmental conditions. The soil used for the
study had all the macronutrients and micro
nutrients required for the plant growth
productivity. After evaluation of three varieties
with respect to their performance under short
term drought stress, IPM 02-3 and RMG 975 were
found to be most tolerant and promising varieties
and the variety IPM 02-14 is sensitive to drought
stress. This present findings can be utilized in
plant breeding programmes to better adapted
plants for possible cross-inoculation to increase
productivity of leguminous plants under drought
stress condition. The present study indicates that
growth rate, morphological and physiological
parameters can be used successfully to evaluate
drought sensitive and resistant varieties.
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