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Abstract: Clusterbean (Cyamopsis tetragonoloba L.Taub) is the most important summer
legume crop grown in hot arid regions. However, little is known of its morphological,
physio-biochemical responses, and yield traits to drought and sulphydryl compounds
(-SH compounds) application. Drought had significant negative effects on growth and
metabolism, as revealed by reduced leaf area, net assimilation rate, leaf relative water
content photosynthetic rate, photosynthetic pigments and weakened yield traits. A field
experiment was conducted for two consecutive years to investigate the effect of foliar
application of two plant bio-regulators (PBR’s) applied at different concentrations namely,
thioglycollic (TGA) acid at 200 mg L*, 300 mg L*and 400 mg L*; thiourea at 500 mg
L*, 750 mg L*and 1000 mg L on morpho-physiological traits and yield parameters.
Foliar application of PBRs at different concentrations increased 16-35%, 11-20%, 9-30%,
8-39% and 14-21% higher growth attributes, water relations, photosynthetic pigments,
gas exchange parameters, and seed yield, respectively. Although eliciting behavior
of bio-regulators improved morpho-physiological attributes against drought stress
condition, the application of TGA 400 mg L' and TU 1000 mg L recorded maximum
net assimilation rate, leaf area, RWC, total chlorophyll, carotenoid content, pods, 100
seed weight and seed yield over control.

Key words: Net assimilation rate, photosynthetic rate, stomatal conductance, relative water

content, photosynthetic pigment, water potential, water use efficacy, yield.

Drought stress is one of the main
environmental factors limiting plant growth
and yield. It is the most prevalent cause of crop
yield loss due to an increase in temperature
and a decrease in water availability that
deviates from the optimal condition for plant
life. The responses of plants to drought stress
depend on species, genotype, the length and
severity of water deficit, the age and stage of
development (Bray, 1997). Water deficit leads
to the perturbation of most of the physiological
and biochemical processes and consequently
reduces plant growth and yield (Boutraa, 2010).
The productivity of the crop may be related
to physiological attributes like photosynthetic
rate, photosynthetic pigments, leaf relative
water content and leaf water potential. Higher
photosynthetic efficiency and RWC indicates
better growth and development, which is turn
depend on leaf area. Rapid early growth and
maintenance of RWC at reasonably higher level
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with higher photosynthetic efficiency during
reproductive phase greatly influences the yield
(Haloi and Baldev, 1986). Growth analysis is a
useful tool in studying the complex interactions
between plant growth and the environment,
describing and interpreting physiological
response (Nathawat et al., 2007a). Food
productivity is decreasing due to detrimental
effects of various biotic and abiotic stresses;
therefore minimizing these losses is a major
area of concern to ensure food security under
changing climate. Environmental abiotic
stresses, such as drought, extreme temperature,
cold, heavy metals or high salinity, severely
impair plant growth and productivity worldwide
(Anjum et al., 2011). Drought being the most
important environmental stress severely impairs
plant growth and development, limits plant
production and the performance of crop plants
more than any other environmental factor
(Shao et al., 2009). Available water resources
for successful crop productions have been
decreasing in recent years. The susceptibility
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of plants to drought stress varies in dependence
of stress degree, different accompanying stress
factors, plant species and their developmental
stages (Demirevska et al., 2009). Acclimation of
plants to water deficit is the result of different
events, which lead to adaptive changes in plant
growth and physio-biochemical processes
such as changes in plant structure, growth
rate, tissue osmotic potential and antioxidant
defenses.

Clusterbean (Cyamopsis tetragonoloba L.) is a
legume species cultivated mainly in India and,
to a lesser extent in Pakistan and the USA.
Guar gum and its derivatives are extensively
used as an emulsifier, thicker, strengthener
and stabilizer in a wide range of industrial
activities such as food, paper printing, textiles,
cosmetics and oil industries (Mudgil et al.,
2014). India is a major producer of cluster
bean and contributes to 80% of the world’s
total production of cluster bean (Pathak et al.,
2011). In India, Rajasthan alone contributes
70% of India’s total production. The bulk of
clusterbean production is generated from the
north western hot arid region.

During drought stress, plant tendency is to
reduce its yield and goes into survival mode
which ultimately reduce plant yield. Many
methods have been used to mitigate drought
stress such as transformation of drought
resistant genes to a host plant and cultivation of
drought tolerant crop. However, methods need
high investment technology and long time or
just certain plant must be cultivated accordingly
to edaphic and environmental condition. Plant
bio-regulators are biochemical compounds
stimulates plant growth and productivity
when applied, even in small quantities at
appropriate plant growth stages. These are
being extensively used in agriculture to enhance
the productivity in crops (Sahu and Solanki,
1991). Their central role in plant growth and
development is through nutrient allocation and
source-sink transitions while most of the PBRs
stimulate redox signaling under abiotic stress
conditions (Nathawat et al., 2018; Srivastava et
al., 2008). Since climate change and degrading
natural resources are projected to amplify the
stresses, particularly soil moisture deficit, high
temperature and soil salinity, PBRs are likely to
play a crucial role in plant growth regulation.
Research efforts so far have centered on the
crop and agro-ecosystem specificity, optimal

doses and schedule of their application for
optimizing crop yields under stress conditions.
There is a lack of comprehensive information
available in the literature on the effect of bio-
regulators (TGA and TU) on growth attributes,
water status, photosynthetic efficiency and
yield traits of clusterbean grown under climatic
condition of hot arid region of India. The
present study was carried out, therefore to
investigate the response of bio-regulators on
physio-biochemical changes, yield attributes
and yield of clusterbean under drought stress.
However, to the best of our knowledge,
information regarding the effect of foliar
application of bioregulators on the growth and
development of clusterbean under water stress
is less available. Therefore, the purpose of this
study is to understand whether application of
bioregulators raises photosynthetic efficiency
and productivity of clusterbean under water
stress.

Materials and Methods

An experiment was conducted during
two kharif seasons (July-October) in the two
consecutive years at the ICAR-Central Arid
Zone Research Institute, Regional Research
Station, Bikaner (28°4" N; 74°3" E; 238.3 m above
mean sea level), Rajasthan, India. The climate
of the area is characterized as arid with hot
and dry spring-summer from April to June, hot
and humid summer from July to September.
The average annual rainfall is about 287 mm,
most of which is received during the monsoon
period (July to September). The total amount of
rainfall received during the crop seasons (from
July to October) was 281 mm and 368 mm in
1t year and 2" year, respectively. The soil of
the experimental field was sandy in texture
having pH 8.4, with 0.16% organic carbon, 9.8
kg P ha™ and 236.0 kg K ha™. The experiment
comprised seven treatments e.i. water spray,
TGA 200 mg L', TGA 300 mg L', 400 TGA
mg L', TU 500 mg L', TU 750 mg L' and
TU 1000 mg L* and laid out in a randomized
complete block design with three replications.
Two foliar sprays of the sulphydryl compounds
were applied at vegetative and pre-flowering
stages of the crop. Size of each plot was 5.0
m %X 3.5 m with 2 m gap in between. Each
plot was bordered with an earth dike 30 cm
in height. Overall, there were 21 plots for the
whole experiment. Treatments were randomly
assigned in each replication during first year
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of the study. Thereafter, a particular treatment
was assigned with the same plot unit during
the following year. Cluster bean (cultivar RGC-
1003) was sown on last week of July during
both the years.

Growth indices

Plant growth characteristics i.e. leaf
area (LA), leaf area duration (LAD) and net
assimilation rate (NAR) were measured by
harvesting three plants randomly from each
plot at a 10-days interval starting from 50-70
days after sowing (DAS).

The total leaf area per plant was measured
by portable leaf area meter model (LI-3000 LI-
COR, USA) and expressed as cm? plant™.

Leaf area duration (LAD) was calculated
following the protocol devised by Hunt (1978),
using the following equation and expressed as
days

LAD = (LA + LA L) (t, - t1) / 2

NAR was calculated by Williams (1948) and
expressed as mg cm? day™.

NAR = Wz 'W]/ t, - t; X LOgg LAZ - LOgg LA]/
LA, - LA;

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

Water relation

Leaf samples were taken at flowering stage
(50 DAS) from two plants per plot. Completely
developed third and fourth leaves from the top
of the plant were used for all measurement.
Leaves were collected on ice between 9.30-
10.30 h and taken to the laboratory, washed
with distilled water and excess water removed.

Relative water content (RWC) of leaf
samples was determined as described by Barrs
and Weatherley (1962). To determine the RWC,
leaves were collected, immediately weighed
(fresh wt.), rehydrated for 4 h (turgid wt.) and
subsequently oven-dried at 85°C to constant
mass (dry wt.). The RWC was determined by
the following formula and expressed as in
percent:

RWC = [(Fresh wt. - Dry wt.) / (Turgid wt. - Dry
wt.)] x 100

Leaf water potential (y.) of fully expanded
youngest leaves was measured during 9.30-
11.30 h by WP 4 Dew-Point Potential Meter.

Photosynthetic pigment contents

Chlorophyll and carotenoid contents were
extracted by the non-maceration method
(Hiscox and Israelstam, 1979). Fresh leaves
(0.05 g) were extracted in 10 ml dimethyl
sulfoxide (DMSO) for 65°C for 4 h. The amounts
of chlorophyll a, b and carotenoids were
determined spectrophotometrically {Double
Beam UV Visible Spectrophotometer (Model:
2203) Systronics}, by reading the absorbance at
645, 663 and 470 nm, respectively (Arnon, 1949).

Antioxidant enzyme

Leaf samples (0.5 g fresh weight) were
homogenized in ice-cold 50 mM potassium
phosphate buffer (pH 7.0) containing 0.1 mM
ethylene diamine tetraaceatic acid (EDTA) and
1% (w/v) polyvinyl polypyrolidone (PVP). The
homogenate was filtered through four layers
of cheese cloth and then centrifuged at 4°C
for 20 min at 15,000 x g. The supernatant
was collected and an appropriate aliquot
dilution of the crude extract was used for
the GST assay. GST activity was measured
as per Mannervik and Guthenberg (1981) by
following the changes in the absorbance at
340 nm for 1 min in a mixture containing 100
mM sodium phosphate buffer (pH 6.5), 1 mM
GSH and 1 mM 1-chloro-2, 4-dinitrobenzene.
The activity of GST was expressed as pmol
(2, 4-dinitrophenyl glutathione formed) mg™
(protein) min® (¢ = 9.8 m M cm™).

Gas-exchange parameters

Gas exchange parameters i.e. net
photosynthetic rate (Pn), stomatal conductance
(gs) and transpiration rate (E) were measured
with a portable photosynthesis system (TPS
- 2 CO, Gas Analyzers, USA). Gas exchange
measurements were made on fully formed
leaves located in the upper third part of the
canopy. Three plants were selected randomly
from the central 1 m X 1 m area from each
plot to measure gas exchange parameters.
Measurements were done in sunny and clear
weather, in the period between 0900 and 1100
hours. The instantaneous water use efficiency
(WUE) was determined as Pn/E (Nogueira et
al., 2004).
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Yield attributes and yield

Yield components, i.e. pod m?, seed per m?
and 100-seed weight (SW) were recorded for
all the plants from the central 2 x 2 -m area of
each plot at harvest. At the maturity stage of
the crop seed yield (SY) and total above-ground
biomass (ABY) were determined on an area of
2 x 2 m from each plot by manual harvesting
of plants 3 cm above the ground and allowed
to dry in the field. Yields of seed and straw
were determined by drying sub-samples in a
convection oven at 65°C to a constant weight.

Statistical analysis

All measured parameters were tested for
significant differences between treatments
using analysis of variance (ANOVA) for a
randomized complete block design. Wherever
significant, separation of treatment means was
achieved by the procedure of least significant
difference (LSD) as described by Gomez and
Gomez (1984) at a = 0.05.

Results and Discussion

Growth indices

Drought stress is the primary abiotic stress
to plant growth, especially under arid and
semi-arid conditions. Exogenous application of
PBR’s was significantly (P=0.05) improved the
growth in terms of LA, LAD and NAR measured
at 50, 60 and 70 DAS during both the years
(Table 1). During the different growth stages,
growth parameters mean values variations
were recorded as: LA between 542-1111 cm™?;
LAD between 15.5-30.5 days and NAR between
1.65-8.16 mg cm?d™*. Compared with untreated
plants had 16-28%, 20-34% and 21-33% higher
leaf area at 50, 60 and 70 DAS respectively. A
reduction in leaf area is generally ascribed to
the suppression of leaf expansion, as cells lose
the turgidity necessary for this process and
the declining photosynthetic rate diminishes
the availability of photosynthates to build new
cells (Rocker et al., 1995). Other possible reason
for reduced growth in drought stressed plant

Table 1. Effects of foliar application of sulphydryl compounds on leaf area (LA), leaf area duration (LAD) and net

assimilation rate (NAR) of cluster bean

Treatments 1% Year
Leaf area (cm™) LAD (Days) NAR (mg. cm?2.d™")
50 DAS 60 DAS 70 DAS 50-60DAS  60-70DAS 50-60 DAS 60-70 DAS
Control 555+35° 792+34¢ 829+36° 15.8+1.4° 22.6+1.2¢ 1.65+0.09° 5.67 £ 0.55
TGA 200 mg L' 653+30° 949+27° 1008+42° 18.6+1.12 27.1£0.9° 1.88+0.11° 6.80 £ 0.71
TGA 300 mg L' 674136 1000£372° 1073+50% 19.241.2 28.6+1.4%° 1.97+0.08* 7.36 £0.65
TGA 400 mg L' 692+30° 1019435° 1092+55¢ 19.8+1.1° 29.1£1.1° 2.01£0.08° 7.77 £0.55
TU 500 mg L™ 665+32° 956+44° 1006+45° 19.041.0° 27.3+1.4° 1.92+0.12 6.73£0.71
TU 750 mg L* 685+36* 10144412 10704622 19.6+1.22 29.0+1.12° 1.95+0.122° 7.21 £0.50
TU 1000 mg L 701277 1043+312 11114432 20.0£0.6* 29.8+0.92 1.98+0.13% 7.55 £ 0.61
LSD (0.05) 49 75.6 914 14 2.2 0.12 0.64
Treatments 2" Year
Leaf area (cm?) LAD (Days) NAR (mg. cm?.d™")
50 DAS 60 DAS 70 DAS 50-60 DAS 60-70 DAS  50-60 DAS 60-70 DAS
Control 5424324 774 +45° 816+39° 15.5+0.91¢ 22.141.3¢ 1.98+ 0.08° 6.18+0.25¢
TGA 200 mg L' 622+22° 937 +49° 977+32° 17.8+0.63¢ 26.8+1.4¢ 2.29+0.10° 7.27+0.22"
TGA 300 mg L 669+37% 988431 1040456  19.1+1.06% 28.2+0.9%¢ 2.40+0.09* 7.90+0.47°
TGA 400 mg L' 696£21° 1032+46* 1082+742 19.9+0.60* 29.5+1.3% 2.50+0.072 8.16+0.45*
TU 500 mg L™ 64530 951 +26° 9844530 18.4+0.86% 27.2+0.7% 2.29+0.05° 7.21+0.30°
TU 750 mg L™ 67719 1008452  1050+63*®  19.3+0.54* 28.8+1.5%¢ 2.37+0.06* 7.63+0.24%
TU 1000 mg L 705+25° 1058+37¢  1078+35° 20.1+0.717 30.541.1° 2.47+0.11° 7.96+0.342
LSD (0.05) 48.7 79.4 87.5 1.39 2.27 0.15 0.58

*Values followed by the different letters in each column are significantly different at P < 0.05 according to LSD.
TGA : Thioglycollic acid; TU: Thiourea; Leaf area: LA; LAD: Leaf are duration; NAR: Net assimilation rate.
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is a water deficiency that interrupts water
flow from soil to the xylem and surrounding
cells, which decreases the mobility of available
ions, nutrient availabilities and soil microbial
activities (Nonami, 1998). Averaged across
both the years, the bio-regulators treated
plants had 15-24% and 18-35% higher NAR
than untreated plants measured at 50-60 and
60-70 DAS growth intervals respectively. The
application of TGA and TU also recorded
significantly higher NAR than control and
increase was found to be 35% and 31% with
TGA 400 mg L' and TU 1000 mg L foliar
application respectively. The improvement
in physiological indices with PBRs might be
associated with increased cell division and
elongation by virtue of increased photosynthetic
efficiency due to improved chlorophyll content
and better developed assimilating apparatus
and increased dry matter accumulation at
growth stages (Sharma et al., 2008).

Water relation

Water relations in plants are important
for maintaining their normal growth and
metabolism when challenged by drought. The

ability to maintain higher water potential is one
of the most imperative challenges faced by plant
species. Leaf relative water content (LRWC) is
therefore considered an effective and reliable
indicator for measuring the drought tolerance
of plants. The LRWC and water potential (yw)
varied significantly (P=0.05) among tested
treatments (Fig. 1). Application of exogenous
sulphydryl compounds significantly improved
water relation parameters as compared to
untreated control. Application of PBR’s treated
plants had 14-18% higher LWRC than control.
The application of TU 1000 mg L*' treated
plant had the highest LRWC and w,, in both
the years. The exogenous applied sulphydryl
compounds increased the LRWC and y,, under
drought stress which may be associated with
the higher accumulation of osmolytes though
improving its osmotic adjustment. The higher
production of photosynthates due to higher
contents of photosynthetic pigments and
photosynthetic rate (Table 2) under exogenous
application of sulphydryl compounds might be
an explanation for higher LRWC and . with
these treatments over control.
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Fig. 1 Effect of -SH compounds on A relative water content (RWC), and B water potential (WP) on clusterbean. Vertical bars
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Table 2. Effects of foliar application of sulphydryl compounds on net photosynthetic rate, stomatal conductance,

NATHAWAT et al.

transpiration rate and water use efficiency of cluster bean at post flowering stage

Treatment 1*' Year

Py g, E WUE

(1 mol m?s™) (m mol m?s7) (m mol m?s™)
Control 6.53+ 0.38¢ 320.7+ 25.4¢ 5.90 £0.15¢ 1.11£0.015°
TGA 200 mg L! 7.80 £ 0.36° 403.1 £26.1¢ 6.44 +0.13¢ 1.21 £0.023°
TGA 300 mg L! 8.16 + 0.30% 424.8 £29.6" 6.64 £0.23" 1.23 £0.012*
TGA 400 mg L 8.83 £0.29 481.5 +24.4 7.06 £0.10° 1.25 £0.024°
TU 500 mg L™ 7.96 £ 0.50% 434.9 +29.3%* 6.57 £0.32° 1.22 £0.021°
TU 750 mg L™ 8.64 £ 0.28* 452.5 +24. 9« 6.96 £0.27°° 1.24 £0.016°
TU 1000 mg L 9.03 £0.522 464.6 £34.6 7.23 £0.19° 1.25 £0.027°
LSD (0.05) 0.711 50.4 0.380 0.140
Treatment 274 Year
Px s E WUE
(n mol m?s7) (m mol m?s7) (m mol m?s7)

Control 8.55 + 0.35¢ 404.4 £21.8° 5.52 +0.15¢ 1.55 +0.058°
TGA 200 mg L! 10.04 £ 0.28° 464.7 £18.6° 5.96 +0.07¢ 1.69 £0.0322
TGA 300 mg L* 10.48 + 0.442 499.1 £14.1%* 6.11 +0.18% 1.72 +0.079°
TGA 400 mg L! 11.48 £ 0.42° 518.3 £17.9* 6.60 £0.14° 1.74 £0.040*
TU 500 mg L™ 10.36 £ 0.49%¢ 472.0 £15.4° 6.05 +0.11¢ 1.71 £0.054°
TU 750 mg L™ 10.83 £ 0.46™* 492.0 £16.3%° 6.27 £0.15%¢ 1.73 £0.0422
TU 1000 mg L 11.21 £ 0.44* 513.3 +20.0° 6.45 £0.14°° 1.74 £0.067°
LSD (0.05) 0.908 39.1 0.313 0.066

Values followed by the different letters in each column are significantly different at P < 0.05 according to LSD.
TGA: Thioglycollic acid; TU: Thiourea; Pn: Net photosynthetic rate; g, : Stomatal conductance; E: Transpiration rate;

WUE; Water use efficiency.

Photosynthetic pigment contents

Photosynthetic pigments are essential for
plants to harvest light; however, a decline in
their concentrations can limit the photosynthetic
rate of leaves and primary production (Zhang
and Kirkham, 1996). Application of PBR’s
significantly (P=0.05) enhanced the contents
of total Chl, Car, a/b ratio and Chl/Car ratio
during both the years (Table 3). Averaged
across both the years, sulphydryl compounds
application had 18-30%, 9-16%, 10-17% and
9-13% higher total Chl, Car, a/b ratio and
Chl/Car ratio, respectively, than the untreated
plants. The greatest improvement in contents
(Total Chl and Car) and ratios (a/b and Chl/
Car) of photosynthetic pigments were recorded
for plants treated with TU 1000 mg L. Decrease
in chlorophyll content under water deficit stress
is attributed to the oxidation of chlorophyll
and damaged ultra-structure of chloroplast
(Anjum et al., 2011). The present study revealed
the exogenous application of PBR’s via foliar
application helped to maintain the total Chl,

carotenoid contents and hence, mitigated the
adverse effects of drought stress. These results
are in agreement with the findings of Liu et al.
(2002), who observed that application of TU
reduced the rate of chlorophyll degradation
during senescence; this may be responsible
for the maintenance of higher chlorophyll
concentration as reported in wheat (Nathawat
et al, 2007b), in cluster bean (Garg et al.,
2006) and in moth bean (Nathawat ef al.,
2018). This appears logical because sulphydryl
compounds exhibit cytokinin- like activity, and
is known to delay leaf senescence (Vassilev
and Mashev, 1974). The final stage of leaf
development is inevitable senescence with a
decline in physiological activity. The stability of
photosynthetic components could be attributed
by maintenance of positive leaf LRWC under
stress as a result of osmotic adjustment (Basu
et al., 2007; Burman et al., 2008).

Antioxidant enzyme activity

The induction of antioxidant enzymes
activities is a general defence mechanism that



INFLUENCE OF PLANT BIO-REGULATORS ON CLUSTERBEAN UNDER WATER STRESS 129

Table 3. Effects of foliar application of sulphydryl compounds on total chlorophyll (Total Chl), carotenoid (Car), a/b
ratio, Chl/Car ratio and glutathione-S-transferase (GST) of cluster bean

Treatment 1% Year
Total Chl Car a/b Chl /Car GST (umol min™.

(mg.g'FW) (mg.g'FW) ratio ratio mg! protein)
Control 2.06 +0.11¢ 1.06+ 0.02¢ 1.65 +0.010¢ 1.94 +0.04° 46.7 £0.86°
TGA 200 mg L! 2.52 +0.09% 1.1740.04% 1.85 +0.04° 2.16 +0.03* 58.9 +1.55¢
TGA 300 mg L* 2.64 +£0.18® 1.21+0.072< 1.90 £0.03%® 2.18 £0.04* 62.4 £1.51°
TGA 400 mg L 2.72+£0.122 1.25+0.05 1.95 +0.07° 2.18 +0.02° 65.9 +1.30°
TU 500 mg L™ 242 +0.13¢ 1.1540.06° 1.83 +0.05° 2.12 +0.05° 56.2 +1.78¢
TU 750 mg L™ 2.68 + 0.06% 1.2240.01%® 1.92 +£0.042® 2.19 +£0.012 59.6 +1.61¢
TU 1000 mg L 2.77 £0.05 1.26+0.02* 1.96 +0.05 2.19 +£0.032 67.7 +1.58°
LSD (0.05) 0.178 0.058 0.090 0.080 1.6
Treatment 2" Year

Total Chl Car a/b Chl/Car GST (umol min™.

(mg.g'FW) (mg.g'FW) ratio ratio mg?! protein)
Control 1.93+0.08° 0.73+0.01° 1.3940.03¢ 2.64+0.04° 56.7+3.0°¢
TGA 200 mg L 2.2610.09° 0.79+0.022 1.5440.02: 2.86+0.06 76.9£3.5°
TGA 300 mg L! 2.36+0.092 0.81+0.012 1.5740.03% 2.9140.05* 80.4+4.0°°
TGA 400 mg L* 2.39+0.06° 0.82+0.012 1.5840.04% 2.9440.05* 84.943.6
TU 500 mg L™ 2.28 +0.06° 0.80+0.022 1.52 +0.03° 2.86+0.03% 79.243.9°
TU 750 mg L™ 2.32 £0.072 0.81+0.01» 1.54 0.05% 2.87+0.06* 81.8+4.8
TU 1000 mg L~ 2.42+0.06° 0.82+0.022 1.61 +0.04° 2.96+0.05° 87.9+4.2
LSD (0.05) 0.163 0.029 0.072 0.101 7.94

*Values followed by the different letters in each column are significantly different at p < 0.05 according to LSD.
TGA : Thioglycollic acid; TU: Thiourea; Total Chl : Total chlorophyll; Carotenoid: Car; Chlrophyll a and chlorophyll

b ratio: a/b ratio.

Chlorophyll and carotenoid ratio: Chl / Car ratio; Glutathione -S- transferase: GST.

plants use against drought stress; it helps them
to overcome oxidative stress and associated
cell damage from it. Therefore, under drought
stress, application of sulphydryl compounds
improves the antioxidant defence mechanism
by  unregulated glutathione-S-transferase
activity in clusterbean, which was efficient
enough to remove reactive oxygen species
(ROS) with respect to untreated plants (Table 3).
The maximum GST activity was recorded with
application of TU 1000 mg L' which was 50%
higher than the control (Table 3). Enhancement
of antioxidant enzymes with the application of
sulphydryl compounds might be attributed to
increased synthesis of enzymes due to supply
of thiol (-SH) containing compounds (Loggini
et al., 1999).

Gas-exchange parameters

Photosynthesis is important traits for
assessment of drought tolerance, and widely
affected by environmental stress conditions.
The response of plants with reduction in

transpiration rate, suggests water conservation
from partial stomatal closure and reduced loss
of water through stomata (Jones et al., 1985).
Reduction in photosynthetic rate under drought
stress has been related to stomatal limitation due
to stomatal closure (Rodrigues et al., 1993). The
effects of application of sulphydryl compounds
on gas exchange parameters at post-flowering
stage are presented in Table 3. Application of
sulphydryl compounds significantly (P=0.05)
increased the net photosynthetic rate (Pw),
stomatal conductance (g.), transpiration rate
(E) and WUE during both the years. Averaged
across both the years, PBR’s application had
18-36%, 20-39% and 9-21% higher Py, gs and E
respectively, compared with untreated plants.
The WUE, measured the ratio between Py and
E, showed significantly (P=0.05) response to
PBR’s application and treated plants exhibited
9-12% higher values of WUE than that of
untreated plants. The plant treated with TU
1000 mg L*' had the greatest Pn, g and E
values followed by TGA 400 mg L. Our results
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Table 4. Effects of foliar application of sulphydryl compounds on yield components and yield of cluster bean

Treatment 1%t Year
NP (m?) NS (m?) 100 - seed weight (g) SY (ton ha') ABY (ton ha™)
Control 1784+76¢ 12705+141¢ 2.94 +0.04° 1.0140.045¢ 3.78 +0.218¢
TGA 200 mg L* 2071+99¢ 13583+314¢ 2.99 +0.05° 1.16 £0.043° 4.32 £0.206°
TGA 300 mg L 2171+61% 14147289 3.04 +0.03° 1.21 +0.041°° 4.63 £0.193¢°
TGA 400 mg L 22184912 14303+196° 3.06 +0.05 1.25 +0.043° 4.78 £0.257°
TU 500 mg L* 2093+ 64 138254356 3.01 £0.02° 1.17 £0.047° 4.54 £0.217°®
TU 750 mg L™ 2131+ 58 13944+210b¢ 3.07 £0.04° 1.22 +0.053¢® 4.63 +0.250°°
TU 1000 mg L 2183+ 792 1465143007 3.12 +0.03° 1.23 +0.046°° 4.82 +0.226°
LSD (0.05) 119 407 NS 0.07 0.32
Treatment 2 Year
NP (m?) NS (m?) 100 - seed weight (g) SY (ton ha') ABY (ton ha™)

Control 1683+72¢ 115124356 2.91 £0.06 0.97 £0.035¢ 3.65 £0.104¢
TGA 200 mg L! 1921+ 99° 12412+320¢ 2.97 £0.05 1.09 +0.043° 411 £0.118°
TGA 300 mg L! 1996+ 57°° 1291743014 2.97 £0.04 1.14 +0.036° 4.24 £0.103°®
TGA 400 mg L 2043+69° 12968+350° 3.07 £0.05 1.15 +0.033" 4.32 +0.146
TU 500 mg L* 1943+ 64°° 125614269 2.95 +0.04° 1.11 £0.021° 4.17 +0.82*
TU 750 mg L™ 1981458 1279242723 2.98 +0.042 1.13 +0.026° 427 £0.117®
TU 1000 mg L 2008+ 70° 1310443482 3.09 +£0.06 1.15 +0.0322 4.36 +0.107°
LSD (0.05) 105 492 NS 0.06 0.24

tValues followed by the different letters in each column are significantly different at p < 0.05 according to LSD.
TGA : Thioglycollic acid; TU : Thiourea; NP : pod number per plant; NS : seed number per plant; SY : seed yield;

ABY : aboveground biomass yield.

indicated that sulphydryl application improved
photosynthetic parameters (Pn, gs sans E)
compared with untreated plants. The higher
Px for -SH treated plant might be explained by
the higher content of photosynthetic pigments,
less water deficit-induced oxidative damage
to metabolic activity reflected by higher GST
activity (Table 2). Exogenous application of
PBR’s often results in enhanced efficiency of
photosystems in quenching better quantum
yields with improved photosynthetic rates
and efficient photo assimilate translocation
between source and sink (Pandey et al., 2013;
Nathawat ef al., 2021). The enhancement in gs
and E with sulphydryl compounds application
could be attributed to their ability to maintain
favorable water balance reflected by higher
LRWC and y,, (Fig. 1). The improved total Chl
and LRWC increased rate of photosynthesis and
transpiration in clusterbean plants sprayed by
exogenous application of TGA and TU (Table 2
and Fig. 1) can be correlated to the expression
of osmotic adjustment, cell membrane integrity,
and antioxidants of cell and by enhanced tissue
water status in leaves due to foliar applicants
(Farooq et al., 2009; D’Souza et al., 2009). Thus,

PBRs have greater role in maintaining leaf
water status and photosynthetic efficiency for
crop grown under drought conditions. These
results suggested that these traits greatly
contributed in enhancement of grain yield with
application of PBR’s especially TGA 400 mg L™
and TU 1000 mg L* by maintaining leaf water
status by closing stomata, increasing relative
water content, water potential and cell turgor
pressure under water stress condition.

Yield attributes and yield

The effects of application of sulphydryl
compounds on yield attributes (pods m?
seed m? and seed weight) and yield (seed
yield ton ha' and biomass yield ton ha') are
presented in Table 4. Application of PBR’s had
significantly effects on pods m? and seed m™
during both the years. The pods m™ varied
from 1683-2218 m? and seed ranged from
11512-14651 m=2. Application of PBR’s did not
exert any significant effect on 100 seed weight.
The application of PBR’s was recorded higher
pods m than control and increase was found
23% and 21% with TGA 400 mg L' and TU
1000 mg L7 foliar application, respectively.
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Averaged across both the years, SY ton ha' and
ABY ton ha' was significantly (P=0.05) higher
with the foliar sprays of the PBR’s compared
to the control. The mean SY varied from 0.99-
1.20 to ha" during both the years. Application
of TGA mg L' gave the highest SY, with an
increase 21% compared to the control. ABY
mean varied from 3.72-4.59 ton ha" during both
the years. Foliar application of TU 1000 mg
L' produced 24% and 22% higher ABY than
control respectively. Significant improvement
in yield attributes (pods m? and seed m™) was
due to greater photosynthetic efficiency and
better partitioning of photosynthesis (Burman
et al., 2004; Grag et al., 2008; Nathawat et al.,
2018). The enhancement of photosynthesis
(Ramaswamy et al., 2007; D’souza et al., 2009)
and better partitioning of photosynthates to
sink for various compounds have been reported
earlier under abiotic stress conditions (Sahu
and Singh, 1995; Srivastava et al., 2008). The
protective mechanism of PBR’s regulates the
root growth for improving plant water status,
photosynthetic efficiency and source-sink
homeostasis resulting enhanced yield and
metabolism for overall improvement in plant
growth (Srivastava et al., 2016).

Conclusion

Exogenous application of bio-regulators
ameliorates clusterbean crop performance
under water stress. This ameliorative effect
was associated with the alteration of physio-
biochemical process such as enhanced growth
parameters, water status, photosynthetic
pigments content, gas exchange parameters
and yield traits. Foliar spray of -SH compounds
(thiourea and thioglycolic acid) can help to
increase the yield of clusterbean under stress
environment. The -SH compounds can be
considered as a potential growth regulator for
improving crop growth and yield under limited
soil moisture conditions.
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