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Abstract 
 

Current study was designed to evaluate the drought effect on some physiological and biochemical properties of tomato 
plants. Some native and exotic tomato genotypes were subjected to drought stress to investigate the effect on antioxidant 
enzymes and photosynthetic machinery. The tomato genotypes were exposed to different water regimes viz: 80, 60 and 40% 
of field capacity. Statistical analysis revealed significant interactions in some physiological parameters including 
transpiration rate (E), photosynthetic rate (A) and stomatal conductance (gs). Drought stress enhanced the above properties in 
tolerant varieties like ‘L. pennellii’, ‘L. chilense’, ‘Lyallpur-1’ and ‘CLN1767’ in contrast to rest of the water stress sensitive 
genotypes. Moreover, same type of significant elevations were also observed when antioxidant enzymes like catalase 
(CAT), superoxide dismutase (SOD) and peroxidase (POD) were caloremitrcially quantified in drought tolerant tomato 
varieties. Overall, it was found that some tomato genotypes maintained their degree of water stress tolerance during their 
growth but with varying mechanism of water stress tolerance. Moreover, the above mentioned physiological and 
biochemical characteristics can act as valuable markers for selection and breeding programs for development of drought 
tolerant tomato genotypes. 
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Introduction 
 

Plants tend to set a plethora of adaptation strategies 
such as longer duration physiological and metabolic 
alterations for sustainable growth and to cope with a 
variety of environmental stresses like drought (Farooq et 
al., 2009; Ashraf, 2010; Suzuki et al., 2014). However, 
photosynthesis is one of the key phenomenon, which 
contributes substantially to plant development and growth  
but this process, in fact, can be adversely affected by 
water deficit conditions which may have been caused by 
1) reduce light harvesting efficiency or less utilization 
efficacy of harvested light, 2) decrease in activity or 
concentration of the enzyme; Rubisco, or 3) due to 
reduction in stomatal conductance (gs) or less availability 
of CO2 at its fixation site (Athar & Ashraf, 2005; Ashraf, 
2010; Foyer & Shigeoka, 2011; Ashraf & Harris, 2013). 
Hence, one of the prime factors assumed to decrease 
photosynthetic rate (A)  is less availability of CO2 in the 
mesophyll tissues due to stomatal closure thus leakage of 
electrons during photosynthesis (Fig. 1) ultimately leads 
to generation of reactive oxygen species (ROS) like 
singlet oxygen and hydrogen peroxide (Golding & 
Johnson, 2003; Johnson, 2011). However, plants have 
developed a complex shielding mechanism to ameliorate 
the damage initiated by ROS whereas, antioxidant 
enzymes system like peroxidase (POX), catalase (CAT), 
superoxide dismutase (SOD) breaks down the cellular 
concentration of ROS (Smirnoff, 1993; Carvalho, 2008; 
Foyer & Shigeoka, 2011). It has been reported that under 
water deficit conditions most of the injury is linked to 
oxidative damage at the cellular level while, SOD, POX 
and CAT are considered as the most effective antioxidant 
enzymes in averting cellular damage. Higher activities of 

these enzymes have also been reported in wild and 
cultivated tomato genotypes which suggest that the 
drought tolerant or wild tomato genotypes like L. 
pennellii are better protected against ROS than the 
relatively sensitive plants of the cultivated species 
(Shalata & Tal, 1998; Barbagallo et al., 2012; Shamim et 
al., 2013a; Martinez et al., 2014; Kavitha et al., 2014; 
Mittova et al., 2015). Tomato (Solanum lycopersicum L., 
syn. Lycopersicon esculentum Mill.) belongs to the family 
Solanaceae and ranked as second main vegetable crop 
after potato (Tigchelaar, 1986; Passam, 2008). In 
Pakistan, tomatoes have been  grown over about 53.1 
thousand hectares with an average yield of about 10.1 
tons ha-1 (Fig. 2) but these statistics are far below than 
average yield being achieved in many other countries of 
the world (Anon., 2008). Although, considerable research 
efforts have been made for the production of vegetables in 
rainfed zones to feed increasing population, but these 
efforts have been significantly hampered due to 
complexity of genes under drought. Furthermore, there 
are many physiological and biochemical characteristics 
which contribute to the drought tolerance of horticultural 
crops like tomato (Rahman et al., 2004; Nakuja et al., 
2012; Shamim et al., 2013b; Kavitha et al., 2014) but in 
the current scenario of climatic irregularities it is 
important to screen large number of tomato genotypes for 
their water stress tolerance or must be exploited for their 
cultivation under water deficit situation (Shamim et al., 
2014b; Sivakumar et al., 2014). Besides, providing an 
evidence for the pivotal role of antioxidant enzymes for 
protection of photosynthetic machinery, the study aims 
also to screen large number of tomato genotypes to 
facilitate their screening and selection in breeding 
program for drought tolerance.  
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Fig. 1. Schematic representation of the electron transport system in the thylakoid membrane showing three possible sites of activated 
oxygen production (ROS). (1) During Mehler reaction that is linked with PSI. This path is ideal if there is drop in electron acceptors of 
PSI (2) ROS formation is through contact of triplet excited chlorophyll with molecular oxygen in the PSII antenna (3) ROS might 
originate at the oxidizing side of PSII due to splitting of water (PS II = Photosystem II; PS II = Phptosytem I; CHL= chlorophyll; PC= 
plastocyanin; Fd = Ferrodoxin; FNR= Ferredoxin-NADP+ reductase). 
 
Materials and Methods 
 

From the set of 120 tomato genotypes used in one of 
the study (Shamim et al., 2014b) a subset of 11 
genotypes was selected to perform the current study 
(Table 1). Tomato nursery was transplanted in pots 
containing 6 kg normal potting mixture (sand, well 
rotten farmyard manure and soil in 1:2:3 ratio) under 
drought stress (60 & 40% field capacity) and control 
condition (80% field capacity) and regularly monitored 
(Mahmood-ul-Hasan, 2001) by employing ThetaProbe 
(Delta-T Devices, Ltd., England) at the National 
Agriculture Research Center (NARC), Islamabad, 
Pakistan (33.40o N and 73.07o E; 683 meter above sea 
level) under rain shelter to prevent tomato crop from 
rain water (Fig. 3). Lay out for experiment was complete 
block design thru randomization (RCBD) with three 
water stress treatments and three replications. Water 
stress treatments were started when the seedlings were 
five weeks old. 
 
Gas exchange parameters: Measurement of net CO2 
assimilation rate (A), transpiration rate (E), and stomatal 
conductance (gs), were made on the youngest fully 
emerged leaf (usually 3rd leaf from top) of each plant by 
using an open system LCA-4 ADC portable infrared gas 
analyzer (Analytical Development Company, Hoddeson, 
England) between 10:00 to 14.00 hours. As a pre-caution 
the measurements of control plants were immediately 
noted followed by that of the same cultivated under water 
stress conditions. 

Procedure specified by Bradford (1976) was 
followed for the measurement of total soluble proteins. 
Fresh leaves samples (0.2 g) were homogenized in 
sodium phosphate buffer solution (4 mL) centrifuging 
followed by homogenization at 6000 × g for 10 
minutes. The extract was treated with Bradford reagent 
and total soluble proteins were analyzed 
spectrophotometrically at 595 nm. Bovine serum 
albumin (BSA) worked as a standard. 
 
Extraction of enzyme: Antioxidant enzymes extraction 
was carried out by grinding the leaves (0.5 g) in (5 mL) 
cooled phosphate buffer (50 mM) by using pestle and 
mortar (pH = 7.8) and adding 1.0 g 
Polyvinylpolypyrrolidone (PVPP) and (0.5%) Triton X-
100 in the mixture. The homogenate was centrifuged at 
15000 × g for 20 min (4°C). For enzymes assay, 
supernatant was used. 

Activity of SOD was estimated by quantifying its 
capability to inhibit the photoreduction of (NBT) 
nitroblue tetrazolium (Giannopolitis and Ries, 1977). 
Reaction solution had 50 µM NBT (3 mL), 13 mM 
methionine, 1.3 µM riboflavin, 50 mM phosphate buffer 
(pH 7.8), 75 nM EDTA and 50 µL of enzyme extract. 
This solution in test tubes was irradiated for 15 min at 
78 µmol m-2 s-1. The absorbance of solution was 
measured by using spectrophotometer (Shimadzu, UV-
160U Japan) at 560 nm besides, one unit of SOD 
activity, which inhibits 50% of NBT photoreduction, is 
equivalent to the quantity of enzyme. 
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Fig. 2. Province wise (a) area of tomato production (acre) (b) average production (tonnes) and (c) average yield (40 kg/acre) of tomato 
crop in Pakistan from 1980-81 to 2008-2. 



FAKHRA SHAMIM ET AL.,  

 

1234 

Table 1. Selected 11 tomato genotypes from a subset of 120 genotypes, ranked in four groups viz. tolerant, 
moderately tolerant, moderately sensitive and sensitive. 

Taxon Accessions Ranking 
L. pennellii LA0716 Tolerant 
L. Chilense LA0458 Tolerant 
Lyallpur-1  Tolerant 
CLN1767  Tolerant 
10584/G  Moderately tolerant 
Punjab Chuhara 017865 Moderately tolerant 
Ailsa Craig LA2711 Moderately sensitive 
Pusa Ruby 017860 Moderately sensitive 
Roma 006233 Moderately sensitive 
Avinash-2 017867 Sensitive 
Ratan 017870 Sensitive 

 

 
 
Fig. 3. Pots were arranged in triplicate and water stress treatments (80, 60 and 40% of field capacity) were started when the seedlings 
were five weeks old, stress was maintained throughout the experiment till the fruiting stage at National Agriculture Research Center, 
Islamabad/Pakistan. 
 

Catalase and peroxidase activities were recorded 
after some modification in the procedure given by 
Chance & Maehley (1955). The catalase reaction 
solution (3 mL) contain enzyme extract (0.1 mL) 50 
mM phosphate buffer (pH = 7.0) and 5.9 mM H2O2. 
Enzyme extract was added to initiate the reaction. 
After 20 second intervals at 240 nm, differences in 
absorbance of solution were recorded. One unit 
catalase activity is the absorbance change of 0.01 units 
per minute. The peroxidase reaction solution (3 mL) 
had 50 mM phosphate buffer (pH = 5.0), 40 mM H2O2, 
20 mM guaiacol, and 0.1 mL enzyme extract. After 
every 20 seconds at 470 nm, variations in absorbance 
of solution were recorded. Activity for one unit of 
peroxidase is equivalent to the absorbance change of 
0.01 units per minute. 

Statistical analysis of the data: Data for each recorded 
variable was analyzed statistically through analysis of 
variance using STATISTICA version 7 software 
(StatSoft, Inc, OK, USA). Comparison of average values 
was undertaken through least significance difference (lsd) 
test as described by Snedecor and Cochran (1980). 
 
Results 
 

Effect of different levels of water stress on 
photosynthetic and antioxidant activities of tomato were 
studied in water stress tolerant and susceptible 
genotypes. Significant decrease (p≤0.001) was recorded 
due to water stress for transpiration rate, photosynthetic 
rate and stomatal conductance of all genotypes. Water 
stress tolerant wild genotype L. pennellii followed by 
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water stress tolerant Lyallpur-1 and L. chilense showed 
maximum net CO2 assimilation rate (A) at 40% field 
capacity moisture regime. Although water stress 
sensitive genotypes Roma, Avinash-2, and Ratan were 
the lowest in photosynthetic rate at the highest water 
stress level, water stress tolerant CLN1767 was also the 
lower in this gas exchange attribute at the same water 
stress level but showed more transpiration rate (Table 2). 
Generally, at the highest water stress level, water stress 
tolerant genotypes were lower in their transpiration rate 
whereas, water stress sensitive genotypes were higher in 
their transpiration rate (Table 2). At the highest water 
stress (40% field capacity) maximum values for stomatal 
conductance (gs) were found in water stress tolerant 
genotypes (L. pennellii, L. chilense, Lyallpur-1 and 
CLN1767 while, water stress sensitive genotypes (Pusa 
Ruby, Roma, Avinash-2 and Ratan) were found lower in 
their stomatal conductance (Table 3). Nevertheless, at 
maximum stress level (40% of field capacity), water 
stress tolerant genotypes had greater WUE except in 
CLN1767, where it was lower than the other genotypes. 
Similarly, at the same water stress level, water stress 
sensitive genotypes had minimal WUE except in Pusa 
Ruby who had WUE similar to water stress tolerant 
genotypes (Table 3). A greater reduction in total soluble 
proteins was observed in water stress sensitive tomato 
genotypes. Water stress tolerant L. pennellii followed by 
L. chilense and Lyallpur-1 was the highest in total 
soluble proteins of all genotypes at 40% of field 
capacity, whereas water stress genotypes sensitive Roma 
and Avinash-2 show lowest tolerance (Table 4). 

Significant increase in activities of superoxide dismutase 
(SOD) was recorded in tomato genotypes at 60% and 
40% field capacities except in L. pennellii, Avinash-2 
and Ratan where it decreased significantly (Table 4). In 
addition, water stress did not affect the superoxide 
dismutase (SOD) activity in L. pennellii. Genotype Pusa 
Ruby and L. chilense had greater SOD activity in the 
leaves of water stressed plants than in the other 
genotypes, whereas the reverse was true for L. pennellii 
at the same moisture stress level. Conversely, L. 
chilense, Lyallpur-1 and CLN1767 exhibited enhanced 
activity of peroxidase (POD), whereas it decreased in 
water stress sensitive or moderately water stress tolerant 
genotypes (Table 5). Genotype CLN1767 and Lyallpur-1 
had maximum activities of POD in water stressed plants, 
whereas the Ailsa Craig was the lowest in POD activity 
at the highest moisture stress level. Soil water stress 
induced at adult stage of tomato resulted in significant 
boost for concentration of catalase. In water stress 
sensitive genotypes, catalase (CAT) activity only 
increased at moderate level of water stress and at higher 
water deficit conditions it decreased considerably (Table 
5). The antioxidant activity of CAT was higher in 
moderately water stress tolerant Punjab Chuhara 
compared with the other genotypes at 40% field 
capacity. Although water stress tolerant genotypes had 
greater activities of CAT but the wild relative of tomato 
L. pennellii was the lowest in CAT activity under water 
stress conditions. Moreover, water stress sensitive 
genotypes (Ratan, Roma and Avinsah-2) were also 
lower in CAT activity values at 40% field capacity. 

 
Table 2. Photosynthetic rate and Transpiration rate of 40 days old plants of 11 selected  

tomato genotypes at levels of stress. 

Photosynthetic rate (A) Transpiration rate (E) 

Moisture stress (fraction of field capacity) 

80% 60% 40% 80% 60% 40% 
Genotypes 

mmol/m2/s mmol/m2/s 

L. pennellii 11.08 a 8.83 a 8.00 a 2.53 d 1.95 d 0.71 ef 

L. chilense 8.53 d 6.86 d 5.55 c 1.04 h 0.45 h 0.61 f 

Lyallpur-1 9.00 c 7.33 c 6.00 b 1.53 g 0.95 g 0.61 f 

CLN1767 5.70 h 4.27 h 3.80 g 3.53 a 4.89 a 1.72 b 

10584/G 6.40 g 4.73 g 3.80 g 3.33 b 2.75 b 2.01 a 

P. Chuhara 7.00 f 5.33 f 4.10 f 2.52 d 1.95 d 1.25 c 

Ailsa Craig 8.50 d 6.83 d 5.00 d 1.72 f 1.15 f 0.82 e 

Pusa Ruby 8.00 e 6.33 e 4.55 e 1.42 g 0.88 g 0.62 f 

Roma 8.60 d 6.93 d 3.00 i 2.92 c 2.46 c 1.62 b 

Avinash-2 9.30 b 7.63 b 3.50 h 1.92 e 1.72 e 1.12 d 

Ratan 9.03 c 6.33 e 3.50 h 1.92 e 1.60 e 1.32 c 

LSD 5% = 0.12; LSD 5% = 0.126 
Means in each column with similar letters (a-g) did not differ significantly at p< 0.05 level 

 



FAKHRA SHAMIM ET AL.,  

 

1236 

Table 3. Stomatal conductance and Water Use Efficiency of 40 days old plants of 11 selected  
tomato genotypes at levels of stress. 

Stomatal conductance Water use efficiency 
Moisture stress (fraction of field capacity) 

80% 60% 40% 80% 60% 40% 
Genotypes 

mmol m-2s-1 A/E 
L. pennellii 300.00 d 250.00 b 225.00 a 4.38 d 4.52 e 11.31 a 
L. chilense 300.00 d 225.00 e 200.00 d 8.21 a 15.16 a 9.14 c 
Lyallpur-1 288.00 h 225.00 e 200.00 d 5.89 b 7.70 b 9.94 b 
CLN1767 300.00 d 248.67 c 223.00 b 1.62 f 1.48 h 2.22 h 
10584/G 299.00 f 250.00 b 225.00 a 1.92 f 1.72 h 1.89 h 
P. Chuhara 299.33 e 205.00 f 180.00 e 2.78 e 2.73 g 3.47 f 
Ailsa Craig 300.00 d 235.00 d 210.00 c 4.95 c 5.93 d 6.12 e 
Pusa Ruby 290.00 g 195.00 g 150.00 h 5.64 b 7.15 c 7.42 d 
Roma 315.00 c 205.00 f 180.00 e 2.95 e 2.82 g 1.86 h 
Avinash-2 330.00 b 195.00 g 170.00 f 4.85 c 4.44 e 3.13 f 
Ratan 340.00 a 270.00 a 151.33 g 4.71 cd 3.95 f 2.67 g 
LSD 5% = 0.326; LSD 5% = 0.36 
Means in each column with similar letters (a-g) did not differ significantly at p< 0.05 level 

 

Table 4. Soluble proteins and Superoxide dismutase of 40 days old plants of 11 selected  
tomato genotypes at levels of stress. 

Soluble proteins Superoxide dismutase 
Moisture stress (fraction of field capacity) 

80% 60% 40% 80% 60% 40% 
Genotypes 

mg/g F.wt units/g F. wt 
L. pennellii 3.59 bc 3.44 a 3.43 a 22.38 h 22.59 g 22.80 i 
L. chilense 3.50 c 3.37 a 3.17 b 45.22 a 52.19 b 61.99 b 
Lyallpur-1 3.57 bc 3.16 b 3.09 b 39.22 bc 45.19 c 48.99 d 
CLN1767 3.80 a 2.90 c 2.49 c 40.12 b 45.09 c 50.80 c 
10584/G 3.67 ab 2.70 d 2.10 d 35.42 d 50.89 b 46.80 e 
P. Chuhara 3.17 d 2.35 ef 1.89 e 32.42 e 65.23 a 47.03 e 
Ailsa Craig 2.37 f 2.50 e 1.69 f 24.22 g 25.23 f 26.03 h 
Pusa Ruby 3.17 d 2.28 f 2.00 de 28.22 f 32.23 e 65.03 a 
Roma 2.87 e 2.20 fg 1.30 g 27.22 f 63.73 a 38.33 f 
Avinash-2 2.37 f 2.11 g 1.28 g 35.72 d 34.42 d 27.03 gh 
Ratan 2.97 e 2.19 fg 1.60 f 38.22 c 35.22 d 28.03 g 
LSD 5% = 0.16; LSD 5% = 1.58 
Means in each column with similar letters (a-g) did not differ significantly at p< 0.05 level 

 

Table 5. Peroxidase and Catalase of 40 days old plants of 11 selected tomato genotypes at levels of stress. 
Peroxidase Catalase 

Moisture stress (fraction of field capacity) 
80% 60% 40% 80% 60% 40% 

Genotypes 

units/g F. wt units/g F. wt 
L. pennellii 60.22 g 110.19 c 112.00 e 25.22 e 32.19 i 35.99 h 
L. chilense 81.22 e 80.19 e 130.00 c 20.22 f 40.19 g 69.99 c 
Lyallpur-1 60.22 g 99.19 d 150 b 40.22 c 60.19 f 74.99 b 
CLN1767 71.22 f 77.19 e 165.80 a 42.22 c 70.52 d 68.80 c 
10584/G 85.22 e 55.19 f 75.00 h 49.22 ab 65.19 e 65.99 d 
P. Chuhara 108.22 c 76.23 e 70.03 h 51.22 a 88.23 a 90.03 a 
Ailsa Craig 45.22 h 40.23 g 30.03 j 30.22 d 35.23 h 40.03 fg 
Pusa Ruby 150.22 b 113.23 c 89.03 g 48.22 b 78.23 c 46.03  e 
Roma 180.22 a 150.23 a 120.0 d 47.22 b 81.23 b 42.03 f 
Avinash-2 175.22 a 144.23 b 99.03 f 40.22 c 71.23 d 45.03 e 
Ratan 99.22 d 75.23 e 64.03 i 41.22 c 69.23 d 39.03 g 
LSD 5% = 5.38; LSD 5% = 4.27 
Means in each column with similar letters (a-g) did not differ significantly at p< 0.05 level 
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Discussion 
 

The most important requisite for water stress 
tolerance regarding selection and breeding needs genetic 
variability in gene pool of the species. To achieve this 
target it is necessary to improve the tolerance of the 
specie. Hence, in order to devise a selection strategy for 
stress resilience in species, understanding of genetic 
variability is of prime importance. Outcomes of the 
current experiment revealed that considerable genetic 
variation exist among tomato genotypes. The findings of 
the current research showed that significant decrease 
occurred in photosynthetic rate due to water stress in all 
tomato genotypes which is in conformity with the reports 
on tomato (Makela et al., 1999; Srinivasa et al., 2000; 
Shamim et al., 2013a). In one of our previous study 
(Shamim et al., 2014a) we have reported a positive 
correlation between photosynthetic rate and water stress 
tolerance in terms of biomass or yield production (shoot 
dry weight vs Ar = 0.617***). This indicates that 
genotypic difference to under water stress condition might 
have been due to variations in photosynthetic rate. For 
instance, at the maximum water stress, all sensitive 
genotypes exhibited the lowest photosynthetic rate 
whereas water stress tolerant wild genotype L. pennellii 
and Lyallpur-1 showed greater photosynthetic rate. A 
strong correlation has also been observed in 
photosynthetic rate and stomatal conductance (A vs. gs r = 
0.705***) which depicts that water stress significantly 
decreased rate of photosynthesis in all 11 genotypes, 
which occurred predominantly due to stomatal closure. It 
is in agreement with a number of earlier studies (Medrano 
et al., 2002; Flexas et al., 2002; Raza et al., 2006; Ulfat et 
al., 2007). Certain genotypes did not bear this relationship 
under water stress conditions. For instance, water stress 
tolerant genotype CLN1767 was lower in ‘A’, which is 
similar to water stress sensitive genotypes Roma, Ratan 
and Avinash-2 but CLN1767 was higher in ‘gs’ under 
water deficit conditions. From these results and findings it 
can be suggested that under water deficit conditions, 
stomatal conductance is not the solitary feature triggering 
variation in photosynthesis among tomato genotypes. 
Though transpiration rate decreased in tomato genotypes 
with an increase in levels of moisture stress but most of 
water stress tolerant genotypes were lower in transpiration 
rate than in water stress sensitive genotypes hence by 
considering only gas exchange trait, the tomato genotypes 
cannot be categorized. This argument can be further 
supported by the data that water stress tolerant genotype 
CLN1767 had greater transpiration rate than all water 
stress sensitive genotypes at the highest moisture stress. 
The higher water use efficiency of genotypes L. pennellii, 
L. chilense and Lyallpur-1 was generally because of their 
comparatively lower transpiration rate. Consequently, 
water stress tolerance in tomato genotypes was observed 
to be partially linked with WUE (Wahab-Allah et al., 
2011). It has been suggested earlier that to improve 
drought tolerance of tomato, WUE is a desirable character 
(Cao et al., 2007). Hence, photosynthetic capacity could 
be utilized as a good selection criterion for screening 
tomato germplasm under drought condition (Runkulatile 
et al., 1993; Kiani et al., 2007). However, such type of 

association was not observed when individual tomato 
genotypes having different level of water stress tolerance 
were evaluated with respect to their photosynthetic rate. 
For example, water stress tolerant genotype CLN1767 in 
terms of high dry biomass and high fruit yield (Shamim et 
al., 2014a) was similar in photosynthetic rate to water 
stress sensitive genotypes Ratan and Avinash-2.  This is 
clearly suggests that genetic variability in photosynthetic 
rate of tomato genotypes is not the sole reason for 
differential water stress tolerance in tomato genotypes, 
but due to some other biological processes controlling 
growth and yield (Rahman et al., 2004).  

Furthermore, the results of current research also 
indicate a marked difference in total soluble protein 
content of drought stressed plants as compared to normal 
irrigated plants. A decreased level of total soluble proteins 
in water stressed leaf tissues appeared due to more 
degradation of proteins as well as due to overall inhibition 
in protein synthesis under drought (Hsiao, 1973) Similar 
results has also been observed in mung bean (Kumar and 
Singh, 1991), wild tomato (Kavitha et al., 2014) and in 
field grown tomato (Chamseddine et al., 2009; Barbagallo 
et al., 2012). Obtained data revealed that concentrations 
of SOD, POD and CAT increased in water stress tolerant 
tomato genotypes, whereas activities of these enzymes in 
water stress sensitive and moderately water stress tolerant 
genotype decreased, or remained unchanged. The water 
stress sensitive Pusa Ruby was the highest in SOD 
activity at the highest water stress and water stress 
tolerant L. pennellii was the lowest in SOD activity at the 
highest moisture stress. These results differ to what earlier 
has been recorded in wheat by Zaefyzadeh et al. (2009) 
who reported that increase in SOD activity is correlated 
with degree of drought tolerance. Similarly, in present 
study water stress sensitive genotype Roma had greater or 
similar POD activity than water stress tolerant genotypes 
L. pennellii and L. chilense at the highest moisture stress. 
Parallel results were also demonstrated by other 
researchers (Zgallai et al., 2006; Zheng et al., 2010) that 
activities of SOD and POD increased with increasing 
levels of water stress in water stress tolerant species. 
Likewise, CAT activity was the highest in moderately 
water stress tolerant Punjab Chuhara compared with the 
other genotypes at 40% field capacity but water stress 
tolerant wild genotype L. pennellii was the lowest in CAT 
activity under water deficit conditions. Similarly, drought 
stress tolerant genotypes of tomato were also reported 
with greater POD and CAT activity than water stress 
sensitive genotypes (Zgallai et al., 2004; Unyayar, 2005; 
Ismail and Phizackerley, 2009). Hence, Better protection 
of photosynthetic machinery in water stress tolerant 
genotypes may be attributed to higher antioxidant 
capacity, therefore the tolerance of genotype Lyallpur-1 
and CLN1767 under water deficit situation proves that 
during the scavenging of ROS, the activity of antioxidant 
enzymes enhanced. 

Conclusively, on the basis of the results obtained it has 
been observed that antioxidative enzymatic system; one of 
the important components of the mechanism of drought 
tolerance in crops; not only differs among species but also 
with in cultivars of a single species. However, considerable 
genetic variation exists in tomato germpalsm explored in 
the current study hence genotypes CLN1767, Lyallpur-1 
were water stress tolerant due to having better 
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photosynthetic capacity and partially greater antioxidant 
enzymes. The obtained result  suggest that photosynthetic 
adeptness with scavenging enzymes could be utilized as a 
potential indicator selection criterion for screening and 
breeding as well as for monitoring environmental stresses 
like drought in field grown horticultural crops like tomato. 
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