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Abstract Drought stress produces many physiological and
biochemical changes in plant affecting its life cycle and
production. Oxidative damage and antioxidant defense
responses are two components of plant to survive under
drought stress. Nitric oxide (sodium nitroprusside, SNP)
and brassinosteroid (24-epibrassinolide, EBL) were used in
this experiment as single and combined application as
foliar spray to study the mitigating effect of drought stress
in two tomato genotypes EC-625652 (drought susceptible)
and EC-620419 (drought tolerant). Drought stress produced
harmful effect on number of leaves plantfl, RWCL, fruit
set percent, days to first fruit set, number of cluster plantfl,
lycopene content, fruit diameter and fruit yield. Plant
produces reactive oxygen species (ROS), such as H,O, in
response to drought stress. Exogenous application of SNP
and EBL, both in single and combined application, miti-
gated the deleterious effects of drought and improved
drought tolerance by increasing SOD activity, fruit yield,
and other physiological processes.
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ROS Reactive oxygen species
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H,0, Hydrogen peroxide

SOD Superoxide dismutase

CAT Catalase

Introduction

Tomato (Lycopersicon esculentum Mill.) is the second most
important vegetable crop in the world after potato. Drought
stress is a serious abiotic stress that limits crop production
worldwide (Kramer and Boyer 1995). ROS production is the
consequence of drought stress. Superoxide (O,"), singlet
oxygen (¢0,), hydroxyl ions (OH™), and hydrogen peroxide
(H,0,) are accumulated in plant cell during drought stress
which have harmful effects on nucleic acids, proteins, and
lipids (Smirnoff 1993). Plant has specific antioxidative
defense mechanism to combat the effect of these toxic ele-
ments by producing antioxidants. Nitric oxide (NO) and
brassinosteroid (BR) are known to regulate antioxidant system
against abiotic stresses. Accumulation of superoxide dismu-
tase (SOD) scavenges O, to H,O, (Bowleretal. 1992), while
peroxidase (POD), catalase (CAT) changes H,O, to H,O at
different cellular locations (Asada 1999). NO is a diffusible
gas and a ubiquitous bioactive molecule which plays an
important role in signal transduction during stress condition
(Lamattina et al. 2003). Braasinosteroid is a plant growth
regulator which is involved in many physiological functions,
such as stem elongation, leaf bending, pollen tube growth
epinasty, proton pump activation, vascular differentiation, and
ethylene biosynthesis (Sasse 2003). It also increases resistance
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level of plants against osmotic stress (Sairam 1994). This
paper describes the ameliorating effect of nitric oxide and
brassinosteroid on drought stress in tomato plant.

Materials and methods

For the present experiment, tomato genotypes EC-625652
(drought susceptible) and EC-620419 (drought tolerant)
were procured from the Indian Institute of Vegetable Re-
search, (I'VR), Varanasi, India. Tomato seeds were germi-
nated in horticulture nursery and transplanted after 1 month
(5-6 leaf stages) in 100 pots (20 cm diameter) in net house
of the Institute of Agriculture Sciences, Banaras Hindu
University, Varanasi. Completely randomised design (CRD)
with ten treatments (T0-T9) and five replications of pots
were used, where TO = Control, T1 = drought, T2 =
drought + SNP (50 uM), T3 = drought + SNP (100 uM),
T4 = drought + EBL (1 pM), T5 = drought 4+ EBL
(3 uM), T6 = drought + SNP (100 pM) + EBL (1 pM),
T7 = drought + SNP (100 p M) + EBL (3 M), T8 =
drought + SNP (50 uM) + EBL (1 pM), and T9 =
drought + SNP (50 uM) + EBL (3 uM). Each pot has
single tomato plant. Drought was induced by withholding
water. Water holding was created on 30 days after trans-
plantation at vegetative stage for 7 days. Plants were re-
watered when 50% of the treated plants showed the sign of
wilting during treatment. Sodium nitroprusside (SNP) was
used as NO donor, whereas 24-epibrassinolide >85% (EBL)
(Cy8H4506, M, = 480; Sigma-Aldrich product) was used as
brassinosteroid. Both these ameliorative agents were sprayed
as foliar application at the stress condition of drought. SNP
(50 and 100 uM) and EBL (1 and 3 pM), in single as well as
combined form, were used in drought stressed plant as foliar
application after 24 h of water holding. Foliar spray was
applied on alternate day during treatment. The experiment
was done for 2 years of study, i.e., 2013 and 2014.

Volumetric water content (VWC)

In experimental pots, VWC was measured during stress
treatment. The time-domain refractometer (TDR300) was
used to measure VWC with 3 inch rod in pot soil on
alternate days during stress treatment at 2, 5, and 7 days
after treatments and expressed as indicated in Table 1. On
the basis of VWC (%), it is evident that plant felt water
stress under drought treatment T1-T9. Control plant soil
showed higher average VWC (68.97%) as compared to
drought-induced plant soil average VWC (29.31%).
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Table 1 Volumetric water content of soil of the experimental pot at
2, 4, and 7 days after treatment

Treatments Volumetric water content % of soil

2 DAT 5 DAT 7 DAT Mean
TO 68.29 60.38 54.25 60.97
T1 46.28 22.38 15.89 28.18
T2 47.76 24.39 17.59 29.91
T3 46.53 23.59 18.59 29.57
T4 44.59 20.69 17.67 27.65
TS 41.54 26.68 19.59 29.27
T6 45.69 21.89 17.59 28.39
T7 47.31 23.98 18.39 29.89
T8 48.47 25.69 16.80 30.32
T9 46.58 26.59 18.88 30.68
Mean 48.30 27.62 21.52

Morphological and physiological parameters

Numbers of leaves of tagged plants was observed using
random sample technique at 20, 40, and 60 days after
treatment (DAT). The number of leaves of tagged plants
was counted. Relative water content of leaf was measured
by the method of Barrs and Weatherley (1962). Hundred
mg leaves of tomato were taken and kept in Petridish
already filled with double distilled water for 2 h. The
turgid weights of the leaf sample were measured, and the
same leaf samples were dried in oven at 65 °C for 24 h to
record dry weight. The RWCL was calculated using the
formula:

(Fresh weight — Dry weight)

RWCL (%) = % 100.

(Turgid weight — Dry weight)

H,O, content (u mol g~! FW)

Estimation of H,0O, was done following method of
Mukherjee and Choudhari (1983). Leaf sample (0.1 g) was
homogenized in 10 ml cold acetone and centrifuged at
10,000 rpm. Four ml of titanium reagent was added fol-
lowed by 5 ml of concentrated ammonium solution to
precipitate peroxide-titanium complex. The contents were
centrifuged for 5 min at 10,000 rpm and precipitate dis-
solved in 10 ml 2 N H,SO,. The residue was centrifuged
again to remove undissolved material, and absorbance was
recorded at 415 nm against blank in spectrophotometer
(Model, SpectraMax M?2). Concentration of H,O, was
determined using the standard curve plotted with known
concentration of H,O».
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SOD activity (unit g~' FW min~")

SOD activity was measured by the method of Dhindsa et al.
(1981). Hundred mg leaf sample was grinded with 10 mL
of extraction buffer (0.1 M phosphate buffer, pH 7.5 con-
taining 0.5 mM EDTA) and centrifuged at 10,000xg for
10 min. Reaction mixture (3 mL) contained 0.1 mL of
1.5 M sodium carbonate, 0.2 mL of 200 mM methionine,
0.1 mL of 225 mM NBT, 0.1 mL of 3 mM EDTA,
1.5 mL of 100 mM potassium phosphate buffer, 1 mL of
distilled water, and 0.1 mL of enzyme extract. This reac-
tion mixture was taken in test tubes in duplicate for each
enzyme sample. Control was used without enzyme extract.
Riboflavin 0.1 mL (60 uM) was added for starting the
reaction, and the tubes were kept below a light source of
two 15 W florescent lamps for 15 min. Reaction was
stopped by switching off the light. Tubes without enzyme
extract developed maximum colour. A non-irradiated
complete mixture that did not develop colour served as
blank. Absorbance was recorded at 560 nm:

Enzyme Unit (EU)

Enzyme](i;})nf (Enzymeﬁ;ﬁf Enzyme‘(i:r)k)

Enzymel(i;l)lt /2 7
where (—) = without enzyme, (+) = with enzyme.
Lycopene content was determined by the method of
Sadasivam and Manickam (1992). Five grams of fruit
sample was crushed with acetone and extract transferred to
separating funnel containing 15 mL of petroleum ether and
mixed gently. Five mL sodium sulphate (5%) was added
and mixed thoroughly by shaking and then transferred to
25 mL volumetric flask and diluted with petroleum ether
for colour measurement. Absorbance of the extract was
measured at 503 nm using spectrophotometer (Model,
SpectraMax M2) with petroleum ether as a blank. Lyco-
pene content of the sample was calculated using the fol-
lowing formula:
Lycopene (mglOOg’l)

_3.1206 x absorbance of sample X volume made up % 100

Weight of sample

Analysis for reproductive parameters was done using the
conventional methods.

Statistical analysis

Completely randomised design (CRD) with three replicates
was used for this experiment. Data were statistically
analysed by one-way analysis of variance (ANOVA), using
SPSS (version 16.0). Data were presented in the form of
mean =+ standard error mean (SEM). The same letters
within the columns are not significant. Duncan’s multiple

range test (DMRT) at P < (.05 probability level was used
for separation of means (Duncan 1955).

Results

The results for each parameter are presented for both the
years of study, i.e., 2013 and 2014.

Number of leaves

In drought susceptible genotype EC-625652, drought stress
(T1) reduced average leaf number (46%) as compared to
control (TO) (Fig. 1). Combined treatment of SNP
(100 uM) and EBL (3 uM) in T7 showed maximum miti-
gating effect by increasing leaf number (57.63%) as com-
pared to drought stress, T1 followed by T9 (54.83%), T8
(51.83%). EBL (3 uM), when used singly (T5), showed
more leaf number (47.67%) as compared to T1 followed by
T4 (42.68%). Single use of SNP (100 uM; T3) was found
to be more effective by increasing leaf number (42.51%) as
compared to T1 followed by T2 (26.41%), with the treat-
ment of SNP (50 uM).

Relative water content of leaf (RWCL)

RWCL is the physical indicator of plant affected by
drought stress. It was observed during both years 2013 and
2014, in both the genotypes under drought stress vis-a-vis
the effect of nitric oxide, brassinosteroid and their combi-
nation at 20, 40, and 60 DAT (Fig. 1). During 2013, in the
drought susceptible genotype EC-625652, drought stress
(T1) reduced RWCL (27.62%) significantly as compared to
control (T0). Combined treatment of SNP (100 uM) and
EBL (3 uM) in T7 showed maximum mitigating effect by
increasing average RWCL (33.36%) as compared to
drought stress, T1 followed by T9 (30.64%) and T8
(29.24%). EBL (3 uM), TS5 used singly, showed more
average RWCL (21.66%) as compared to T1 followed by
T4 (15.83%). Single application of SNP (100 pM; T3) was
found more effective by increasing RWCL (19.10%) as
compared to T1 followed by T2 (16.48%).

Hydrogen peroxide (H,O,, p mol g_1 FW)

In genotype EC-625652, drought stress (T1) showed sig-
nificant increase (203.72%) as compared to control (TO)
(Fig. 1). Combined treatment (T7) of SNP (100 uM) and
EBL (3 uM) performed best by decreasing H,O, content
(37.77%) as compared to drought stress (T1) followed by
T9 (31.52%), T8 (31.39%), and T6 (26.68%). EBL (3 uM;
T5), when used singly, showed a better effect by decreas-
ing H,O, content (31.31%) as compared to T1 followed by
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Fig. 1 1-14 Effect of nitric
oxide and brassinosteroids on
number of leaves (Figs. 1, 2),
relative water content of leaf
(Figs. 3, 4), hydrogen peroxide
(H,0,) content (Figs. 5, 6),
superoxide dismutase (SOD)
activity (Figs. 7, 8), days to first
fruit set (Fig. 9), fruit set
percent (Fig. 10), number of
flower cluster plant_1 (Fig. 11),
lycopene content (Fig. 12),
equatorial fruit diameter

(Fig. 13), fruit yield (Fig. 14),
in tomato genotypes EC-625652
(susceptible) and EC-620419
(tolerant) under drought stress,
where TO = Control,

T1 = drought,

T2 = drought 4+ SNP (50 pM),
T3 = drought + SNP

(100 pM),

T4 = drought + EBL (1 uM),
T5 = drought 4+ EBL (3 uM),
T6 = drought + SNP

(100 uM) + EBL (1 uM),

T7 = drought + SNP

(100 uM) + EBL (3 uM),

T8 = drought + SNP

(50 uM) + EBL (1 pM), and
T9 = drought + SNP

(50 uM) + EBL (3 puM). Data
are in the form of mean + SEM
and means followed by the same
letters within the columns are
not significantly different at

P < 0.05 using Duncan’s
multiple range test
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Fig. 1 continued
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T4 (23.99%). Single application of SNP, T3 (100 uM)
showed good effect by decreasing H,O, content (29.46%)
as compared to T1 followed by T2 (23.37%) having 50 pM
SNP.

Superoxide dismutase activity (SOD, unit g~' FW
. —1
min~ )

Drought stress (T1) showed a significant increase (45.15%)
in SOD activity as compared to control (TO) (Fig. ).
Combined treatment of SNP (100 uM) and EBL (3 pM) in
T7 showed the best effect by increasing SOD content
(68.63%) as compared to drought stress (T1) followed by
T9 (51.58%), T8 (49.51%), and T6 (43.55%). EBL (3 pM;
T5) alone showed a better effect by increasing SOD
activity (34.20%) as compared to T1 followed by T4
(22.82%), having 1 pM EBL. Single application of SNP
(100 uM; T3) showed a good effect by increasing SOD
activity (30.73%) as compared to T1 followed by T2
(20.97%).

Days to first fruit set

Drought stress (T1) caused days to first fruit set to signif-
icantly decrease (26.90%) as compared to control (TO)
(Fig. 1). Combined treatment of SNP (100 pM) and EBL
(3 uM) has shown best effect by increasing average days to
first fruit set (22.10%) as compared to drought stress (T1)
followed by T9 (21.10%), T8 (21.10%), and T6(20.50%).
Single foliar application of EBL (3 pM; T5) produced a

TO T1 T2 T3 T4 T5 T6 T7 T8 T9

better effect by increasing days to first fruit set (14.20%) as
compared to T1 followed by T4 (13.20%). Single appli-
cation of SNP (100 uM), T3, showed good effect by
increasing days to first fruit set (17.90%) as compared to
T1 followed by T2 (7.40%) with the treatment of SNP
(50 uM).

Fruit set percent

Water stress (T1) caused fruit set percent to significantly
decrease (25.56%) as compared to control (TO) (Fig. 1).
Combined treatment of SNP (100 uM) and EBL (3 pM) in
T7 has shown good effect by increasing average fruit set
percent (25.54%) as compared to drought stress (T1) fol-
lowed by T6 (24.36%), T9 (22.08%), and T8 (21.19%). In
case of single application of EBL, T5 (3 uM) showed a
better effect by increasing fruit set percent (18.45%) as
compared to T1 followed by T4 (11.55%) with the treat-
ment of EBL (1 pM). In case of single application of SNP
(100 uM), T3, showed the best effect by increasing fruit set
percent (11.55%) as compared to T1 followed by T2
(7.12%) with the treatment of SNP (50 pM).

Number of flower clusters plant™!

Figure 1 shows the effect of nitric oxide, brassinosteroid,
and their combination on number of flower clusters plant ™"
under drought stress in two tomato genotypes. During
2013, in the drought susceptible genotype EC-625652,
under drought stress (T1), the number of flower clusters
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plant™! significantly decreased (42.86%) as compared to
control (T0). Combined treatment of SNP (100 pM) and
EBL (3 uM) produced the best effect by increasing average
number of flower clusters plant ™' (37.46%) as compared to
drought stress, followed by T9 (34.33%), T8 (34.33%), and
T6 (21.84%). EBL (3 uM; T5), when applied alone,
showed a better effect by an increasing number of flower
clusters plant™' (24.96%) as compared to T1 followed by
T4 (18.17%) with the treatment of EBL (1 pM). Single
application of SNP (50 puM), T2, showed a good effect by
an increasing number of flower clusters plant™" (18.71%)
as compared to T1 followed by T3 (6.22%).

Lycopene content (mg 100 g~ %)

Drought stress (T1) led to significant increase in lycopene
content (23.46%) in the drought susceptible genotype EC-
625652 as compared to control (TO) (Fig. 1). Combined
treatment of SNP (100 uM) and EBL (3 pM) in T7 showed
the best effect by an increasing average lycopene content
(22.80%) as compared to drought stress, T1, followed by
T9 (19.89%), T8 (18.57%), and T6 (16.40%). A single
application of EBL (3 uM) showed a better effect by
increasing lycopene content (12.81%) as compared to T1
followed by T4 (6.62%), with the treatment of EBL
(1 uM). In a single application, SNP (100 pM) showed a
good effect by an increasing lycopene content (8.69%) as
compared to T1 followed by T2 (5.75%) having 50 pM
SNP.

Equatorial fruit diameter (mm)

In the drought susceptible genotype EC-625652, drought
stress (T1) led fruit diameter (width) to decrease signifi-
cantly (45.53%) as compared to control (TO) (Fig. 1).
Combined treatment of SNP (100 uM) and EBL (3 uM,
T7) showed the best effect by an increasing average fruit
diameter (width) (59.22%) as compared to drought stress,
T1 followed by T9 (55.31%), T8 (53.31%), and T6
(48.96%). EBL (3 uM), TS5 when applied singly, increased
fruit diameter (width) (50.20%) as compared to T1 fol-
lowed by T4 (36.07%) with the treatment of EBL (1 uM).
A single application of SNP (100 uM) and T3 showed a
good effect by an increasing fruit diameter (width)
(47.81%) as compared to T1 followed by T2 (40.81%),
with the treatment of SNP (50 pM).

Fruit yield plant™' (kg)
In the drought susceptible genotype EC-625652, drought
stress (T1) led fruit yield plant™' to significantly decrease

(53.52%) as compared to control (TO) (Fig. 1). Combined
treatment of SNP (100 pM) and EBL (3 uM) in T7

@ Springer

produced the best effect by an increasing average fruit
yield plant™" (88.21%) as compared to drought stress, T1
followed by T9 (80.51%), T8 (75.38%), and T6 (73.33%).
EBL, when applied singly (T5, 3 uM), showed a better
effect by an increasing fruit yield plant™' (66.15%) as
compared to T1 followed by T4 (53.13%) with the treat-
ment of EBL (1 uM). In a single application of SNP (T3,
100 uM), a good effect was observed with increased fruit
yield plant™' (45.64%) as compared to T1 followed by T2
(34.67%) having 50 uM SNP.

Drought tolerant genotype EC-620419 also showed
almost similar trend under drought stress and with treat-
ments of SNP and EBL, for all these parameters. Similar
trend was observed during investigation made during 2014.

Discussion

Drought stress affects leaf turgor and assimilation supply for
growth which causes reduction in number of leaf (Reddy
et al. 2003; Seng 2014). In the present study, the number of
leaves was reduced significantly under the influence of
drought stress. Similar results were found in the previous
studies of Hussain et al. (2008), Bhatt and Srinivasa Rao
(2005) and Sankar et al. (2007). Treatments with SNP and
EBR, both singly and in combined form, increased number
of leaves in the present study. These results are in confor-
mity with the earlier findings of Shi et al. (2014) and Cechin
et al. (2015). Relative water content of leaf was reduced in
consequence of water stress in T1 as compared to control,
TO. This result is in agreement with Hayat et al. (2008),
Yuan et al. (2010) and Calcagno et al. (2011). 24-EBL
significantly increased RWCL in tomato (Yuan et al. 2010).
Exogenous application of SNP and EBL significantly
increased RWCL under drought stress in the present study,
similar to those reported by Hayat et al. (2010). SNP treat-
ment in wheat seedlings increased drought tolerance by
maintaining higher water in tissues as compared to stressed
plant (Garcia-Mata and Lamattina 2001). SNP treatment is
reported to increase RWCL under drought stress (Cechin
et al. 2006). Drought stress is closely related to oxidative
stress in which H,O, and other active oxygen species (AOS)
are produced in plant cell (Cassells and Curry 2001;
Lamattina et al. 2003; Konieczny et al. 2008). Stress con-
dition produces reactive oxygen species (ROS) which acts as
toxic elements in higher concentration and work as sig-
nalling molecules in low concentration and produces
antioxidant system (Gill and Tuteja 2010). Drought stress
resulted in a significant increase in H,O, content (Zhang
et al. 2010). Exogenous application of BRs increases the
antioxidant defense mechanism of plants under stress con-
ditions (Yardanova et al. 2004). Application of EBL showed
less amount of H,O, as compared to drought stressed tomato
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plant (Behnamnia et al. 2009a; Yuan et al. 2010). NO (SNP)
decreased hydrogen peroxide content by scavenging H,O,
under water stress. This result is in conformity with the
earlier findings of Tian and Lei (2006), Sang et al. (2008),
Siddiqui et al. (2010) and Kavas et al. (2013). Drought stress
produces oxidative stress which disturbs pro-oxidant
antioxidant balance in the cell (Reddy et al. 2005). Several
antioxidant enzymes, such as SOD, CAT and peroxidase,
increased in cell in response to drought stress (Reddy et al.
2005). Antioxidant capacity of plants has been improved by
the treatment with BRs under stress conditions (Yin et al.
2008). Exogenous application of BRs significantly increased
the activity of SOD under drought stress in the present
finding (Vardhini et al. 2011; Yuan et al. 2010; Behnamnia
et al. 2009b), and also NO treatment increased SOD activity
under drought stress (Siddiqui et al. 2010; Cechin et al.
2015). Higher SOD activity improves the ROS scavenging
system and controls the level of ROS leading to increased
drought tolerance capacity (Ghahfarokhi et al. 2015).
Treatment with NO significantly reduced the superoxide
anion level in the microsomes isolated from soybean
embryonic axes (Caro and Puntarulo 1998). Increased SOD
activity was correlated with increased drought tolerance
(Asada 1999). Increased SOD activity in drought stress has
also been correlated with enhancement of catalase activity
(Bin et al. 2010), because it is well understood by the pre-
vious research that SOD detoxifies superoxide anion free
radicals (O,") by forming H,O, and then H,O, can be
eliminated by catalase (Hasheminasab et al. 2012). Days to
flowering and fruiting are accelerated in plants by stress
condition (Singh et al. 2007). Drought stress affects repro-
ductive phase by delaying or inhibiting flowering, and it
accelerates days to flowering (Wudiri and Henderson 1985;
Fang et al. 2009). NO has an important role in floral regu-
lation (He et al. 2004). According to Desclaux and Roumet
(1996), plant developmental phase is stimulated to turn from
vegetative to reproductive phase by the indication of drought
stress. Reproductive phase is the most susceptible to drought
stress in tomato (Wahid et al. 2007; Preedy and Watson
2008). Drought stress can delay or inhibit flowering and
accelerate days to fruiting (Wudiri and Henderson 1985).
Low water availability at the stage of vegetative growth,
flowering and fruiting affects physiological processes in
plant (Rad and Vijaya 1991). Reproductive stages in tomato,
such as flower and fruit setting, are most sensitive to drought
stress (Salter 1954). Drought stress reduced flower and fruit
set percent in chick pea (Fang et al. 2009). According to
Horchani et al. (2008), there were two possible reasons for
tomato flower and fruit abscission under drought stress.
First, there might be stress-induced ethylene accumulation in
the above ground organs. Second, the carbohydrate supply
to the flowers and fruits might be restricted because of a
limitation in photosynthetic activity. Treatments with SNP

and EBL, in single and combined form, regulated days taken
for fruiting, in the present study. Drought stress reduced
number of flower plant™' in T1 as compared to control TO.
The results are similar to the study of Subramanian et al.
(2006) and Fang et al. (2009). Number of flower clusters ™
reduced under drought stress (Veershetty 2004). Treatments
with SNP and EBL increased number of flower clusters™' by
improved reproductive growth with reduction of water loss
and accumulation of higher water in plant tissues. It has
been reported in the previous finding that BRs actively
participate in floral development and pollen tube growth.
NO shows the effect on reproductive growth and flowering
(Simpson 2005). Nitric oxide mitigates the impact of
drought stress and regulates flowering in plants (Corpas
et al. 2011).

Lycopene is a key quality parameter in tomato which
plays an important role in biosynthesis of carotenoids. It is
responsible for red colour in tomato and processed prod-
ucts. Lycopene acts as an antioxidant having specific role
in defense mechanism against environmental stresses by
scavenging peroxyl radicals and quenching singlet oxygen.
An experiment done by Giannakoula and Ilias (2013)
estimated quality parameter in tomato genotypes under
drought stress condition, and there was a significant
increase in lycopene content during water and salinity
stress. Lycopene content in tomato fruits increased up to
32% under drought stress. Treatments with SNP and EBL
increased lycopene content in the present study (Ali and
Ismail 2014). Low water availability reduced proper
growth and development of fruit. Phloem translocation and
assimilation of photosynthetic material are also affected by
drought stress. It is reported in the previous studies that
fruit dimension gets reduced under drought stress in tomato
(Molla et al. 2003; Chavan et al. 2010), in brinjal (Subra-
manian et al. 1993 and Halil et al. 2001). According to
Giardini et al. (1988), under low water condition, tomato
plant has reduced yield and fruit size. Higher water accu-
mulation and reduction in water loss by the exogenous
application of SNP and EBL improved growth and devel-
opment process in reproductive phase of plant. BR appli-
cation increased yield by increasing fruit size in tomato
(Nufiez 2000). Treatments with SNP and EBL increased
fruit length (Ali and Ismail 2014). Average fruit yield
plant™" (kg) was reduced in drought stress treatment (T1)
in both genotypes EC-625652 and EC-620419 as compared
to control (TO). Similar result was reported by others (Rana
and Kalloo 1989; Chavan et al. 2010). Drought stress is a
serious environmental stress which affects agriculture
productivity and yield. It is an important factor which
harms more than 50% of crop yield worldwide (Bray et al.
2000; Wang et al. 2003). According to Kramer (1969),
drought stress affects physiological process of plant at
different stages and reduces the quality and yield. A major
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impact of drought stress is the reduction in photosynthesis
by decreasing leaf area, impairs photosynthetic system, and
premature leaf senescence; finally, it is associated with
reduction in food production. Application of EBL and SNP
increased yield under drought stress in the present finding.
BRs’ application increases tomato yield (Vardhini and Rao
2001) by increasing fruit size. SNP is involved in increased
photosynthesis and final yield under drought stress (San-
tisree et al. 2015).

Conclusion

Drought stress significantly reduced morphological param-
eters, such as leaf area and relative leaf water content
(RLWC) as a result of low water availability in both
genotypes. Low water availability induced phenological
changes in plant as days to first fruit set was hastened in both
genotypes. Lycopene content was slightly increased with
drought stress, but it was accelerated by the application of
SNP and EBL. Biochemical parameters, such as H,O,
content and SOD activity, significantly increased with the
effect of drought stress. Number of flower clusters plant™',
equatorial diameter of fruit and fruit yield plant™' (kg)
significantly declined with the effect of drought stressed
plant as compared to control. Drought susceptible genotype
EC-625652 was more affected with the deleterious effect of
drought stress as compared to resistant genotype EC-
620419. Exogenous applications of SNP and EBL in dif-
ferent concentrations, in both single and combined treat-
ments, ameliorated the effect of drought stress by improving
drought resistance capacity of plant in various physiological
and biochemical parameters studied. The combined treat-
ment of SNP @ 100 uM and EBL @ 3 uM (T7) showed the
best results in various parameters followed by SNP @
50 uM + EBL @ 3 uM (T9), SNP @ 50 uM + EBL @
1 pM (T8), and SNP @ 100 pM + EBL @ 1 uM (T6).
Single application of SNP and EBL also showed good
results. Application of EBL was more effective than SNP in
single treatment. Single application of EBL @ 3 pM was
more effective than EBL @ 1 pM, while SNP @ 100 pM
was more effective than SNP @ 50 uM.
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