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Abstract

Drought stress during critical stages of growth i.e. before the onset of flowering is major detrimental factor
for mothbean cultivation in arid and semiarid regions. Therefore, experiment was conducted to assess the
effect of supplemental irrigation on physiology and growth characteristics of seven contrasting genotypes
of mothbean, viz. RMO-257, RMO-40, RMB-25, RM0O-2251, CZM-45 RMO-225 and RMO-435 under
two environments i.e. rainfed (RF) and supplemental irrigation (SI, one irrigation applied at 30 days after
sowing (DAS) i.e. before flowering) condition. Results showed that Sl significantly increased shoot
biomass, chlorophyll content and growth characteristics i.e. leaf area index (LAIl), leaf area duration
(LAD), net assimilation rate (NAR) and crop growth rate (CGR) as compared to RF condition in mothbean
genotypes. Genotype RMO-257 performed better in terms of biomass accumulation and growth traits under
RF condition whereas RMO-40 performed well under Sl condition as compared to other genotypes. Hence,
selection of genotypes and irrigation at critical crop growth stage proved to be beneficial for mothbean
cultivation under area of limited water availability.
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Introduction

Abiotic stresses are one of the major constraints to crop production and food security worldwide.
It has been estimated that 51-82% of the potential yield of annual crops is lost due to abiotic
stress. Furthermore, various environmental stresses affecting plant growth and development
have attained a serious concern in the context of possible climate change. Among the abiotic
stresses, water deficit is an important threat to plant growth and sustainable agriculture
worldwide (Fahad et al., 2017) . Water deficit has appeared as a great menace to successful
crop production in wake of changing climate. Drought stress is also accompanied with other
biotic and abiotic stresses including salinity, heat stress and pathogen attack (Ahluwalia et al.,
2021) M. Water deficit stress affects growth and photosynthetic efficiency which ultimately
decreases the yield of the crop. Crucial changes in water status leads to molecular damage,
growth inhibition and even death of tissues/ organs (Anjum et al., 2011) [,

Mothbean is an important pulse crop of arid and semi-arid zones of Rajasthan, generally grown
in water scarce conditions and mainly depends on rainfall. Rising temperature and uneven
rainfall caused by climate change are making dry regions drier and leads to poor yield of
mothbean in hot arid region (Garg and Burman, 2002) [°l. These crops often encounter drought
situation during their vegetative and reproductive stages that reduces productivity to a large
extent. Under such situation, replacing rainfed cropping systems with irrigated systems has been
proved to be an effective strategy to increase upto 43% of the global agricultural production
(Okada et al., 2018) [2%, Irrigation practices must be precise in drier areas as water scarcity is a
major problem for crop cultivation. For this supplemental irrigation, which is a climate resilient
practice of addition of less amount of water to essentially rainfed crops when rainfall is
insufficient for normal plant growth, in order to improve and stabilize yields, proved to be
beneficial. Supplemental irrigation during critical growth stages or most sensitive crop growth
stages (mainly reproductive stage) helps in achieving maximum water use efficiency under
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rainfed condition (Kukal et al., 2014) &7, Furthermore, in most
rainfed ecosystems, single supplemental irrigation can increase
the 50% average yield of the crop (Sharma et al., 2010) 24,
Improving crop growth under drought stress in field condition is
one of the major concerns in hot and arid areas. Supplemental
irrigation using limited amount of water increases the WUE and
overall growth of the plant. Growth characteristics are functions
of a large number of metabolic processes, which are affected by
environmental and genetic factors. Studies of growth pattern and
it’s understanding not only tell us how plant accumulates dry
matter, but also reveals the events which can make a plant more
or less productive individually or in population. In a crop the
growth parameters like LAl and CGR at flowering have been
identified as the major determinants of yield. The combination
of these growth parameters explains different yields better than
any individual growth variable. Tesfaye et al. (2006) [
reported the attainment of high LAI that reduces soil water
evaporation intercepts and converts radiation into dry matter
efficiency and partitioning of the dry matter to the seed is the
major requirement of a high seed yield in grain legumes in arid
environment.

Drought stress and effect of supplemental irrigation studies in
mothbean crop growing under agro-climatic conditions of
North-western India are meagre. The mothbean crop when
supplied with supplemental irrigation before flowering may be
beneficial to overcome the harmful effect of drought on the crop
and also increases the yield. Besides this, to maintain sustainable
crop yield with the added challenge of drought stress, there is an
increasing need to exploit existing genetic variability and
identify genotypes of mothbean genotypes and their traits, based
on growth indices which would facilitate the mothbean crop
improvement process for drought stress tolerance (Reynolds et
al., 2016; Iseki et al., 2018) 122 151, Therefore, the present study
focused on physiological and growth responses of different
mothbean genotypes under rainfed and supplemental irrigation
conditions.

Materials and Methods

Plant Material and Treatments

Field experiment was conducted during August to October in the
year 2020 at the Central Arid Zone Research Institute, Regional
Research Station, Bikaner (28°4' N; 74°3' E; 238.3 m above
mean sea level), Rajasthan. The climate of the experimental site
is hot arid with an average annual precipitation of 287 mm.
More than 85% of the total annual rainfall is received during the
south west monsoon season (July to September). Total rainfall
received during the crop growth period is 91 mm (Table 1). The
soil of experimental site was loamy sand, having 8.5 pH, 0.15%
organic carbon, 85 kg ha* available N, 9.6 kg ha* available P
and 256 kg ha available K. The seven genotypes of mothbean
i.e. RMO-257, RMO-40, RMB-25, RM0-2251, CZM-45 RMO-
225 and RMO-435 with two treatments i.e. rainfed (RF) and
supplemental irrigation (SI) conditions (One irrigation at 30
days after sowing i.e. before flowering) were laid out in a
randomized complete block design with three replications. Size
of each plot was 4 m x 2 m with 2 m gap in between. A basal
dose of 10 kg N (as urea) and 20 kg P hal (As single
superphosphate) was applied at sowing. Soil moisture content
was measured using soil moisture probe (Profile Probe PR2) at
30, 35, 45 and 50 DAS.

Dry matter accumulation and plant height
Three plants were randomly taken from each plot to determine
plant biomass at 35 and 55 DAS. The plants were oven dried at

https://www.agronomyjournals.com

65 °C £ 5 °C till constant dry weight following which the dry
mass was recorded and expressed as g dry wt plant?. Plant
height was measured using scale and is represented in cm.

Determination of Photosynthetic Pigments

Chlorophyll and carotenoid contents were extracted by the non-
maceration method (Hiscox and Israelstam, 1979) 2 at 45 DAS.
Fresh leaves (0.05 g) were extracted in 10 ml dimethyl sulfoxide
(DMSO) for 65 °C for 4 h. The amount of chlorophyll (Chl) a, b
and carotenoids (Car) were determined spectrophotometrically,
by reading the absorbance at 645, 663 and 470 nm, respectively.
Chl a and Chl b content were calculated according to Arnon
(1949) B and expressed as mg g-ldw.

Growth indices

Plant growth characteristics i.e. leaf area, LAIl, LAD, CGR and
NAR were measured by harvesting three plants randomly from
each plot at a 10- days interval starting from 35-55 DAS. The
total leaf area per plant was measured by portable leaf area
meter model (Systronics leaf area meter 211) and expressed as
cm? plant™. LAI was calculated by using the formula given by
Watson (1947) [#7,

LAl = Leaf area/Land area.

LAD was calculated following the protocol devised by Hunt
(2012) 31, using the following equation and expressed as days

LAD = (LA I, + LA |2) (tz—tl) /2

Where, LAI;, and LA, are the leaf area index of a plant at time
interval t; and t, (days), respectively.

NAR was calculated based on method given by Williams (1948)
28] and expressed as mg cm2 day .

NAR = Wz*Wll to— t1X LOge LAzf LOge LA1/ LAzf LA1

Where, LA; and LA, are the leaf area (cm?) and Wy and W, are
total dry weight of a plant (mg) at time interval t; and t, (days),
respectively.

CGR was calculated based on the values of LAI and NAR by
using following formula and is expressed as mg. cm2.day.

CGR = LAl * NAR

Statistical analysis

Before analysis, the Shapiro Wilk test at 0.05 was conducted
using “R v. 4.3.2” in Rstudio 2023.12.0 + 369 to test the
normality of the data and fitting data transformation was
performed for any data that was not normally distributed.
Analysis of variance (ANOVA) was performed and figures were
made using the same software.

Results

Soil moisture content

Soil moisture content of the experimental field was measured at
30, 35, 45 and 50 DAS of mothbean genotypes under both RF
and Sl condition (Fig. 1). Soil moisture was more in Sl condition
than RF condition at all the stages. Soil moisture continuously
decreased in both the RF and Sl condition with progression of
the stages of crop growth. The decrease in surface water content
i.e. at 100 mm is highest as compared to other depths of soil in
both RF and SI conditions whereas at 1000 mm depth
availability of water is least and is constant throughout the
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growth stages.

Plant biomass and plant height

Plant biomass and plant height was observed under RF and Sl
condition at two growth stages i.e. 35 and 55 DAS and is
presented in Fig. 2. Biomass across the mothbean genotypes was
in general higher under the Sl condition than RF condition. Sl
also increased the plant height significantly across all the
genotypes especially at later stages of plant growth i.e. 55 DAS
as compared to RF condition (Table S1). The plant height and
biomass showed a growth-related increase from 35 to 55 DAS
i.e. from vegetative to maturity stage across all the genotypes.

Photosynthetic pigments (Chl a, Chl b, Chla/b ratio and
Chl/car ratio)

S| condition brought significant improvement in Chl a and Chl b
content while Chl a/b ratio and Chl/car ratio was at par in all the
mothbean genotypes (Fig. 3, Table S1). RMO-40 variety showed
highest content of Chl a and Chl b while chl a/b and Chl/Car
ratio were recorded maximum in CZM-45 under Sl condition.
However, the highest content of Chl a and Chl b were recorded
with RMO-225 variety under RF condition. Chl a/b ratio and
Chl/Car ratio didn’t show any significant differences among the
genotypes under both RF and SI condition (Table S1).

Growth indices (Leaf area, LAI, LAD, NAR and CGR)

Leaf area of mothbean genotypes were shown at two stages of
growth i.e. 35 and 55 DAS under RF and Sl condition in Fig. 4.
Leaf area of mothbean genotypes showed significant increase
with growth period and more area was observed in Sl condition
as compared to RF condition. Water availability improves two to
three times of the leaf area in mothbean genotypes with highest
effect at later stages of plant growth. The observations for LAI,
LAD, NAR and CGR were taken at different interval i.e. 35-45,
45-55 and 35-55 DAS. Sl condition significantly increased LAl
at all the stages and percent increase under Sl condition as
compared to RF condition was higher at later stages of plant
growth (Table 2). Values for LAI were non-significant across
the genotypes under RF and Sl conditions. Very similar results
to LAI were observed for LAD parameter (Table 2). Difference
between the genotypes for LAD was not significant under both
RF and Sl condition at all the stages of plant growth. NAR
showed significant increase with increasing the plant growth
stages and at initial stages of plant growth it was recorded
highest under SI condition as compared to RF condition in all
the genotypes. RMO-40 and RMO-257 genotypes was showing
highest values for NAR in Sl and RF conditions respectively as
compared to other genotypes especially at later stages of plant
growth (Table 3). CGR represents the gain in dry matter
production per unit area per unit time and was observed higher
under Sl condition as compared to RF condition in all the
mothbean genotypes at all stages of growth. RMO-40 and RMO-
2251 genotypes were showing more CGR values at later stages
of plant growth as compared to other genotypes (Table 3).

Discussion

Drought is a major abiotic stress which adversely affects plant
growth and development. Climate change has worsened drought
in drier areas due to increase in temperature and erratic rainfall
patterns (Overpeck and Udall, 2020) [, Drought leads to
reduction in biomass production which results in quantitative
and qualitative yield losses, especially in rainfed agriculture
system (Kumar and Chander, 2020) [8. Rainfed agriculture
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system is mainly adopted in mothbean cultivation in arid regions
of Rajasthan which is highly affected by the unpredictable and
less rainfall in the region. This condition leads to drought stress
in mothbean cultivation and if it coincides with reproductive
stage results in maximum percent reduction in yield. Therefore,
optimum irrigation facilities and selection of drought tolerant
mothbean genotypes may be beneficial strategy for achieving
potential yield under changing climatic conditions. Seven
mothbean genotypes were evaluated under RF and Sl conditions
to determine their growth responses to Sl condition. Soil
moisture content under RF condition showed continuous
decrease with crop growth stages due to less rainfall during the
crop growth period. This decrease in soil moisture level resulted
in drought conditions under RF irrigation therefore the SI may
be a requisite for mothbean cultivation under such areas to
maintain the soil moisture and for increasing productivity
(Fabeiro et al., 2001; Du et al., 2010) [": 81. The importance of
irrigation under RF cultivation in these changing climatic
conditions was also suggested by Elliott et al. (2014) 1, Higher
dry matter accumulation under Sl condition is due to higher leaf
area which results in higher light interception and higher net
photosynthesis. Vieira et al. (1991) [?] stated the main reason of
reduction in dry weight and plant height in water stress is due to
reduction in photosynthesis. Similarly, the decrease in total
chlorophyll content under water stress condition is attributed to
lower photosynthetic rate due to stomatal closure and
deformation of plastids and protein membranes of thyllakoids
thus reduction in electron transfer (Yang et al., 2001; Kannan
and Kulandaivelu, 2011) 2° 161, Similar decrease in chlorophyll
and carotenoid content was also observed in mothbean under
drought condition by Garg et al. (2001) ['%. An increase in Chl
a/b ratio was observed under RF condition in almost all the
genotypes. The increase in chl a/b ratio under stress condition
were also reported and well discussed in other crops
(Nahakpam, 2017; Guo et al., 2016) 1% 11, It was observed that
the RF conditions negatively affected growth parameters i.e. leaf
area, LAI, LAD, CGR and NAR of mothbean genotypes. SI
proved to be significant for increasing leaf area at all the stages
of crop growth. Leaf area reduction is a mechanism adopted by
the plants for minimizing transpiration to tolerate drought
conditions. Water limiting conditions caused reduction in leaf
area due to inhibition of cell expansion by declining rate of cell
division and loss of cell turgidity (Bangar et al., 2019) . LAI
and LAD are also associated with leaf area thus reduced under
RF condition and significantly improved under SI condition.
Compared to the RF condition, SI condition resulted in gradual
increase in CGR and NAR in all the mothbean genotypes. This
increase in CGR and NAR is due to increase in leaf area and
LAl which increased the net photosynthetic rate and lead to
overall growth of the plant. Sharifi and Raei (2011) 2° also
reported that higher LAI increases the absorption of solar energy
and biomass production which may contribute to increase in
NAR and CGR. Hussein et al. (2011) [*l also showed significant
decrease in LAl and LAD in beet plants under RF condition due
to decrease in leaf area. RMO-257 showed higher values for leaf
area, LAI and LAD under RF condition which shows that these
genotypes are more tolerant to drought stress conditions as
compared to other genotypes. RMO-435 was showing lowest
values for leaf area, LAl and LAD under RF conditions and Sl
significantly improved the leaf area, LAl and LAD, thus this
genotype is drought susceptible and requires Sl for better growth
and development. Similar results were also observed for CGR
and NAR in these genotypes.
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Fig 1: Soil moisture content (% volume) at different days after sowing of mothbean genotypes under rainfed (RF) and supplemental irrigation (SI)
condition
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Fig 2: Plant biomass (A and B) and plant height (C and D) of seven mothbean genotypes at 35 and 55 days after sowing (DAS) grown under rainfed
(RF) and supplemental irrigation (SI) condition. Presented values are mean + SD (n=3). Data bar with different alphabet, within a genotype, are
significantly different (p< 0.05) as analyzed by Duncan’s multiple range test
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Fig 4: Leaf area of seven mothbean genotypes at 35 (A) and 55 (B) days after sowing (DAS) grown under rainfed (RF) and supplemental irrigation
(SI) condition. Presented values are mean + SD (n=3). Data bar with different alphabet, within a genotype, are significantly different (p< 0.05) as
analyzed by Duncan’s multiple range test

Table 1: Weather data for the growing period of mothbean at the CAZRI (RRS), Bikaner

Months Relative Humidity (%) Average Temperature ("C) Evaporation (mm) Total Rainfall (mm)
August 56.31 32.27 10.82 99.2

September 50.45 31.89 11.33 16.4
October 44.56 27.17 9.27 0.0

Source: Meteorological station, CAZRI (RRS), Bikaner

Table 2: Leaf area index and leaf area duration of seven mothbean genotypes under rainfed (RF) and supplemental irrigation (SI) condition

Leaf area index | Leaf area duration (days)
Genotypes Treatments Days after sowing (DAS)
(35-45 DAS) (45-55 DAS) (35-55 DAS) (35-45 DAS) (45-55 DAS) (35-55 DAS)
RMO-257 RF 0.25de 0.63ef 0.92d 4.42d 7.75e 11.67e
Sl 0.28bc 1.05d 1.51b 6.64c 12.80cd 17.87bc
RMO-40 RF 0.23ef 0.66e 0.91de 4.44d 7.81e 11.3%
Sl 0.26cd 1.33a 1.38c 7.96a 13.54bc 16.44d
RMB-25 RF 0.22fg 0.55ghi 0.73fg 3.88ef 6.38fg 9.50fg
Sl 0.29b 1.08d 1.44bc 6.86¢ 12.62d 17.35¢cd
RMO-2251 RF 0.20gh 0.59¢fg 0.77f 3.98e 6.81f 9.70fg
Sl 0.25cde 1.22bc 1.63a 7.36b 14.27ab 18.87b
CZM-45 RF 0.20h 0.58fgh 0.79ef 3.87¢f 6.85f 9.90f
Sl 0.30b 1.18bc 1.74a 7.38b 14.59a 20.37a
RMO0-435 RF 0.19h 0.52hi 0.67fg 3.56fg 5.969 8.64gh
Sl 0.26cd 1.23b 1.63a 7.47b 14.31ab 18.88b
RMO-225 RF 0.32a 0.49i 0.62g 3.37g 5.55¢ 8.01h
Sl 0.18h 1.15¢ 1.39bc 7.38b 12.73cd 17.16¢cd
Variation source df Mean square
Treatments (T) 1 0.051 (***) 3.812 (***) 6.085 (***) 118.64 (***) 488.3 (***) 724.7 (***)
Genotypes (G) 6 0.001 (***) 0.022 (***) 0.045 (***) 0.48 (***) 2.2 (***) 4.3(***)
T*G 6 0.002 (***) 0.015 (***) 0.049 (***) 0.55 (***) 2.1 (***) 6.3 (***)
Error 28 0.000 0.002 0.005 0.04 0.2 0.5

Data with different alphabet, are significantly different (p< 0.05) as analyzed by Duncan’s multiple comparison tests for post hoc analysis, “***”
and “**” are significance codes at 0.001 and 0.001, respectively and “ns” is not significant
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Table 3: Crop growth rate and net assimilation rate of seven mothbean genotypes under rainfed (RF) and supplemental irrigation (SI) condition

Crop growth rate (mg cm day™?) | Net assimilation rate (mg cm day™?)
Genotypes Treatments Days after sowing (DAS)
(35-45 DAS) (45-55 DAS) (35-55 DAS) | (35-45 DAS) | (45-55DAS) | (35-55 DAS)

RMO-257 RF 0.52cd 5.37e 26.96e 2.09cd 8.48ef 29.42¢

Sl 0.74a 17.40c 75.58b 2.65a 16.58hc 49.98b

RMO-40 RF 0.44de 4.95¢ 24.66¢f 1.87def 7.54f 27.22¢

Sl 0.68ab 27.88a 92.42a 2.57ab 21.05a 67.35a

RMB-25 RF 0.36¢ef 5.97e 21.64ef 1.63efg 10.84def 30.03e

Sl 0.67ab 8.01e 46.37d 2.30abc 7.41f 32.13de

RMO-2251 RF 0.33ef 5.28e 21.49¢f 1.64efg 8.82ef 28.10e

Sl 0.59bc 22.90b 90.49%a 2.34abc 18.76ab 55.41b

CZM-45 RF 0.27f 6.09 22.27ef 1.37g 10.59def 28.18e

Sl 0.60bc 8.53e 49.48d 2.01cde 7.25f 28.50e

RMO0-435 RF 0.29f 5.69¢ 20.06ef 1.51fg 10.93def 29.91e

Sl 0.59bc 11.95d 61.04c 2.26abcd 9.68def 37.46¢d

RMO-225 RF 0.25f 6.05e 19.42f 1.38g 12.49de 31.35de

Sl 0.70ab 15.59¢ 59.42c 2.17bcd 13.55cd 42.77c

Variation source df Mean square
Treatments (T) 1 4.978 (***) 129.68 (***) 2564.6 (***) | 0.9390 (***) | 1138.2 (***) | 21714 (***)
Genotypes (G) 6 0.344 (***) 29.80 (***) 256.7 (***) | 0.0304 (***) 73.3 (***) 598 (***)
T*G 6 0.008 (ns) 429.2 (***) 315.2 (***) 0.0085 (ns) 90.7 (***) 468 (***)
Error 28 0.050 5.34 13.2 0.0040 3.7 15

Data with different alphabet, are significantly different (p< 0.05) as analyzed by Duncan’s multiple comparison tests for post hoc analysis, “***”
and “**” are significance codes at 0.001 and 0.001, respectively and “ns” is not significant

Conclusion

Insufficient rainfall during critical growth stages in mothbean
crop limits the production and productivity under RF
ecosystems. The present study showed that the Sl significantly
increased plant biomass, photosynthetic pigments, and growth
traits such as LAI, LAD, NAR and CGR in mothbean genotypes
as compared to the RF condition. However, among different
mothbean genotypes, RMO-257 was performing better under RF
condition which shows that it has maximum capacity to tolerate
drought stress condition as compared to other genotypes.
Therefore, Sl at 30 DAS i.e. before the onset of flowering and
selection of drought tolerant genotype i.e. RMO-257 are
recommended for obtaining higher growth rates and ultimately
yield in mothbean in arid and semiarid regions of Rajasthan.
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Table S1: Mean squares and degree of freedom of mothbean plants

Variation source |df] Biomass | Plant height | Leaf area
Days after sowing (DAS)
35 45 35 45 35 45
Treatments (T) | 1| 0.515 (%) | 712.8 (***) | 45.26 (%) 456.7 (%) 7787 (%) 973349 (%)
Genotypes (G) | 6] 0.187 (%) | 21.3 (***) 407 (%) 4.0 (ns) 215 (%) 7223 (%)
T*G 6] 0076(% | 158(™%) | 0.72(ns) 1.6 (ns) 421 (%) 7849 ()
Error 28 0.004 0.5 1.21 3.0 33 759
Variation source |df|  Chlorophylla | Chlorophyll b | Chlorophylla/bratio | Chlorophyll/ Carotenoid ratio
45 Days after sowing (DAS)
Treatments (T) | L 152 (%) 0.093 (**%) 0.102 (ns) 0.084 (ns)
Genotypes (G) 6 0.12 (***) 0.009 (***) 0.072 (ns) 0.121 (*)
T*G 6 0.07 () 0.004 () 0.070 (ns) 0.098 (ns)
Error 28 0.02 0.001 0.15 0.048

cxxke and “**” are significance codes at 0.001 and 0.001, respectively and “ns” is not significant
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