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Abstract 

 

Experiments were performed to mitigate the drought-induced effects in two tomato varieties (Rio Grande and Yaqui) 

using plant growth regulators i.e. indole-3-acetic acid (IAA) and naphthalene acetic acid (NAA). Drought stress (25 & 50%) 

reduced the growth, physiological, quality and yield attributes like the length of root and shoot, fresh and dry biomass of 

root ant shoot, chlorophyll pigments, proteins and carbohydrates contents, photosynthetic assimilation rate, rate of 

transpiration, intercellular CO2 and also stomatal conductance and fruit yield. Variety “Yaqui” showed more drastic effects 

of drought in response to growth and yield. Antioxidant activities of catalases (CAT), peroxidase (POD) and superoxide 

dismutase (SOD) were increased under drought stress. It was noted that drought levels (50%) showed more adverse effects 

as compared to 25% drought. Foliar applications of IAA and NAA overcome drought detrimental effect and enhanced the 

growth, quality and yield attributes that were severely affected by drought. The foliar application of NAA was more 

effective to overcome the drought effect than the IAA. It was concluded that the levels of drought stress (25 & 50%) 

markedly decreased the growth parameters, biochemical, physiological and yield attributes in both tomato varieties. Foliar 

applications of NAA and IAA mitigate the drought effects by increasing the growth, physiological attributes that resulted 

better yield of tomato under drought stress. 
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Introduction 

 

Tomato (Solanum esculentum L.) member of 

family Solanaceae is one of the most famous vegetable 

found in the world. Tomato is widely cultivated in 

different region of the world (Naika et al., 2005). 

Tomatoes are a rich source of vitamins, minerals, 

sugars, amino acids and potential antioxidants (Naika 

et al., 2005). It contains an excessive amount of 

lycopene, flavonoids and vitamins that play a vital role 

in human health (Dorais, 2005). Lycopene is an 

important pigment in tomato, largely responsible for 

the red color of a tomato and it has important health 

properties (Denniss et al., 2008; Mirondo & Barringer, 

2015). Crucial disease epithelial cancer can be 

controlled using potential antioxidant lycopene and it 

also prevents heart issues in humans (Singh & Goyal, 

2008). Drought is considered one of the most serious 

issues for global food production, threatening about 

50% of the world's land area with present 

environmental fluctuations (Zhang et al., 2014). 

Drought stress combines different types of stress and 

therefore has very complex phenomenon in decreasing 

the productivity of vegetables (Zlatev & Lidon, 2012). 

The growth of plant cells is sensitive to desiccation due 

to low cell turgor pressure. The primary effect of 

limited water supply is to impede germination rate and 

seedling growth due to a decrease in the various 

physiological processes (Harris et al., 2002). Tomato 

crop growing in water stress conditions suffering from 

various morphological and physiological aspects like 

reduction in leaf area and size of fruit along with 

deficiency of mineral because of less absorption which 

causes several physiological disorders (Kumar et al., 

2012). Tomato needs 30-35°C temperature and better 

quality of water for optimum growth and better fruit 

quality (Dhaliwal, 2017). The prolific root system is 

good features of resistance to drought. According to 

Wu and Cosgrove (2000), a massive root system 

enables the plant for more absorption of water and 

minerals. In tomato, lycopene is a very good source of 

metabolites having key role in biosynthesis, where 

plants complete their life cycle before drought starts 

(Blum, 2005). 

Plant growth regulators may influence budding, 

flowering, fruiting and fruit production, abscission of 

leaves or fruits, control of certain metabolic processes 

and resistance of plants to water stress and are 

normally active in a cell of the plant at the lower level 

(Abebie et al., 2010). Plant hormones are commonly 

used to promote plant growth, seed count, fruit 

collection, fruit size and horticultural yield (Batlang, 

2008). At the time of flowering, the application of IAA 

and NAA resulted in lessened fruit fall and enhanced 

the size of fruit in tomato (Choudhury et al., 2013). 

IAA affects many physiological and morphological 

processes, accelerates ripeness and improves fruit 

quality in many plants (Rout, 2006). Plant growth is 

controlled by IAA, for instance, it regulates cellular 

elongation and development, apical dominance and 

horizontal root formation (Wang et al., 2003). It is 

noted where the application of plant growth regulators 

including IAA and NAA promote the size of fruit and 

fruit set in tomato. The use of plant growth regulator 

can fulfill the demand of natural growth hormone that 

is needed for development and also promote fruit 
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setting in tomato (Denniss et al., 2008). Gemici et al., 

(2006) stated that the use of synthetic auxin and 

gibberellin has been successful in improving the yield 

and quality of tomato. Gibberellic acid and naphthalene 

acetic acid combined present in the plant cell growth 

promoters in increasing plant production and yield also 

(Golldack et al., 2014). NAA influences physiological 

processes, accelerates growth, and increases fruit 

quality in tomato (Pundir & Yadav, 2001). Flower and 

fruit formation are also under the control of IBA and 

NAA and metabolic change during the storage of 

tomato plants (Bhosle et al., 2002; Meena, 2008). 

Foliar application of IAA and NAA applied to tomato 

growth media had a stimulating effect on growth and 

development (Zhang et al., 2014). By foliar application of 

NAA and IAA fruit set of tomato has been developed 

successfully (Llanes et al., 2016). IAA promotes cell 

enlargement which is a critical step towards cell growth. 

The use of IAA on plants encourages vegetative and 

reproductive development (Singh & Rathore, 1998). 

In the light of above mentioned literature, this study 

was designed to find out the effects of drought in tomato 

and the strategy to cope the adverse effects of drought 

using IAA and NAA. 

 

Materials and Methods 

 

Experiments were performed in the research area, 

University of Gujrat, Gujrat-Pakistan during 2019-2020. 

Five plants of ten days old seedling of two tomato 

varieties (Rio Grande and Yaqui) were transplanted in 10 

inch earthen pots having 7 kg sandy loam soil. Drought 

treatments (0, 25 and 50%) were applied after 10 days of 

plants transplantation in pots. 

Hormones (IAA and NAA) were applied as foliar 

spray after 10 days of drought treatments in one single 

dose application separately as well as in combination. The 

treatments were; IAA (25ppm), NAA (25ppm), drought + 

IAA (25%+25ppm), drought + IAA (50% + 25ppm), 

drought + NAA (25% + 25ppm), drought + NAA 

(50%+25ppm). Experiment was laid down in Completely 

Randomized Design (CRD) with three replicates. Data for 

root and shoot lengths; root and shoot dry weights; 

numbers of leaves; leaf area; stomatal conductance; 

transpiration rate; photosynthetic rate; intercellular CO2 

concentration; contents of chlorophyll, antioxidants 

proteins and carbohydrates, and activities of catalase, 

superoxide dismutase and peroxidase were collected at 

vegetative and fruiting stages. The number of fruit and 

fruit weight were calculated at fruiting stage and maturity. 

Chlorophyll a and b were estimated using the method 

of Arnon (1949). Total carbohydrates were estimated with 

the Anthrone method. Soluble protein was estimated 

following Bradford (1976). Catalase, superoxide dismutase 

and peroxidase activities were determined using the method 

of Chance & Maehly (1955). Data were subjected to 

analysis of variance in COSTAT computer software. The 

comparison of mean was made using Duncan‟s New 

Multiple Range Test (DMRT) at a probability level of 5% 

by the method of Steel & Torrie (1986). 

Results 

 

Morphological attributes: From the results of our 

experiment, it was found that drought stress affects 

morphological attributes of tomato plants. Mean squares 

from analysis of variance (ANOVA) indicated that the 

effect of plant growth hormones was highly significant on 

shoot length of all varieties of Tomato at both vegetative 

and maturity stages. However, the interaction between 

treatments, varieties and drought stress showed non-

significant outcomes (Table 1). From (Fig. 1A), it was 

clearly observed that shoot length of plants was improved 

after NAA treatment at maturity stage in V2 (Yaqui) as 

compare to V1 (Rio Grande). Overall results showed that 

drought reduced the length of shoot at both varieties. The 

hormonal effect was highly significant on fresh and dry 

biomass of shoot. While the interaction between drought 

as well as treatments showed non-significant results 

(Table 1). Maximum fresh weight of shoot was recorded 

at T4 on V2 (Yaqui) as compare to other variety. Results 

also indicated that foliar application of 25 ppm NAA gave 

the best results to maintain biomass of shoot in drought 

stress conditions (Fig. 1B). Highest dry weight of shoot 

was obtained at maturity stage at both varieties of tomato. 

However, foliar application of NAA gave beneficial 

outcomes as compare to other treatments (Fig. 1C). 

Means squares from (ANOVA) demonstrated that effect 

of PGRs and drought on root length of tomato was highly 

significant at vegetative stage on the other hand non-

significant outcomes were obtained at maturity stage also 

with interactions (Table 2). Largest length of root was 

noted at fruiting stage as compare to vegetative stage at 

all treatments. T8 showed best results to suppress the 

effect of drought on tomato varieties (Fig. 1D). On the 

base of comparison between 2 varieties, the fresh and dry 

weight of the root of V1 (Rio Grande) was more affected 

by drought stress as compare to V2 (Yaqui). Foliar 

application of NAA and IAA proved useful in drought 

stress conditions on fresh and dry biomass of root (Figs. 

2A, B). Means square from Table 2) elaborated that effect 

of plants growth hormones on fresh and dry weight of 

root were highly significant. ANOVA results had 

demonstrated that interaction between treatments and 

droughts were also highly significant (Table 2). After 

analysis of data, results had showed that the drought 

decreased the number of leaves in tomato plants as 

compare to control. Foliar spray of IAA gave maximum 

numbers of leaves at both stages (Fig. 2C). ANOVA 

related to the effect of growth regulators and drought on 

number of leaves were highly significant. While their 

interaction showed non-significant results (Table 1). 

 

Gaseous exchange attributes: Means results from 

(ANOVA) indicated that hormonal effect under drought 

condition on tomato plants were highly significant. 

However the interaction between varieties and 

phytohormones were also highly significant with 

drought stress (Table 3). It was observed that after the 

application of phytohormones on drought stressed 

plants, the photosynthetic rate become equal to control 
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treatment. On the other hand, foliar application of IAA 

and NAA improved rate of photosynthesis of normal 

plants at both varieties (Fig. 3A). Drought stress showed 

a remarkable reduction in the transpiration rate of 

tomato plants. ANOVA results demonstrated that the 

effect of treatment on transpiration rate was non-

significant while drought effect was significant with its 

interaction (Table 3). From (Fig. 3B) it was clearly 

observed that application of IAA and NAA (25ppm) 

under drought stress gave best results of transpiration 

rate at maturity stages. Results also showed that foliar 

spray of phytohormes gave best results at both stages. 

Drought application declined the value of the stomatal 

conductance highly significant at vegetative as well as 

maturity stage on both tomato varieties. The interaction 

between phytohormone and drought was significant at 

vegetative as well as the maturity stage. Phytohormone x 

variety interaction was non-significant at the fruiting 

stage (Table 3). The maximum value of stomatal 

conductance was observed in the Rio Grande with the 

application of phytohormone (IAA 25ppm) at the 

vegetative stage (Fig 3C). From the results of ANOVA, 

it was concluded that the effect of hormones on 

intercellular CO2 Concentrations was highly significant 

while the interplay of Variety X Phytohormies X 

Drought was also highly significant (Table 3). After the 

drought stress on both tomato varieties, it was noticed 

that the Intercellular CO2 concentration of leaves was 

decreased as compare to phytohormones treated plants. 

Best results Intercellular CO2 concentration were 

recorded in that plants which were treated with 25ppm 

NAA under drought stress (Fig. 3D). 

 

Biochemical attributes: Means data from ANOVA 

showed that the value of chlorophyll „a‟ content was 

significantly reduced at the vegetative and maturity stage 

under water deficit (Table 4). Foliar application of IAA 

and NAA alleviate the drought-induced inhibitory effect 

and enhanced the value of chlorophyll a. Drought level 

50% had more adverse effects as compared to 25% on 

chlorophyll „a‟ content on both growth stages. NAA 

showed better results as compared to IAA on Yaqui 

variety at the maturity stage. It is also noted that 

phytohormones enhanced the value of chlorophyll „a‟ 

content on the control plant as compared to drought 

treated plants (Fig. 4A). Cultivation of tomato on drought 

area markedly reduced the value of chlorophyll b content 

at both stages. ANOVA table 4 showed that the interaction 

between drought and phytohormone was highly 

significant at the vegetative stage while it was non-

significant at the maturity stage. Foliar spray of 

phytohormone (IAA and NAA) enhanced the chlorophyll 

b content at vegetative as well as the maturity stage. NAA 

had a more positive effect than IAA on Yaqui variety at 

vegetative as well as maturity stage under drought (25% 

and 50%) treated plants (Fig. 4B). It was also observed 

that the effect of drought and phytohormone was highly 

significant at the vegetative and maturity stage. 

Interaction between phytohormone x drought was 

significant at the vegetative stage. Drought and 

phytohormone interaction was non-significant at the 

maturity stage (Table 4). Exogenously applied IAA and 

NAA significantly enhanced the protein content of 

tomato. NAA applied to drought showed a better result as 

compared to IAA to reduce the drought-induced effect on 

tomato. Maximum protein content was noted in the 

variety Rio Grande at the fruiting stage (Fig. 4C). 

Drought and phytohormone interaction was significant at 

the vegetative stage. Carbohydrate content was reduced 

with the applications of drought. The interaction between 

drought and phytohormone was non-significant at the 

fruiting stage (Table 4). Maximum reduction was noted 

with a 50% drought. Variety Yaqui showed the maximum 

reduction during both growth stages. The effect of 

hormones (IAA and NAA) showed an increase in the 

carbohydrate content of tomato at vegetative and fruit 

harvesting stages (Fig. 4D). 

 

Antioxidants activities: Drought application 

significantly enhanced the catalase activity (CAT) at both 

growth stages. The effect of drought, phytohormone and 

variety were highly significant for catalase activity at 

vegetative as well as a maturity stage. The interaction 

between drought x phytohormone x variety was highly 

significant at the maturity stage but the interaction 

between phytohormone and variety was non-significant 

at the vegetative stage (Table 5). Maximum catalase 

activity was observed in Yaqui variety at the maturity 

stage under 50% drought. Foliar spray of plant growth 

promoter (IAA and NAA) showed variable response on 

drought treated and non-treated plants at vegetative and 

fruiting stage (Fig. 5A). The values of SOD content 

increased significantly under drought stress. Interaction 

between drought and phytohormone was significant at 

both stages. Phytohormone and variety interaction was 

non-significant at both vegetative and fruiting stages 

(Table 5). The maximum value of SOD content was 

shown under drought (50%) in variety Yaqui at the 

vegetative stage. Application of phytohormone IAA and 

NAA decreased the SOD value in variety Yaqui at the 

maturity stage (Fig. 5B). 

 

Yield attributes: There was a highly significant effect of 

drought and phytohormone on number of fruits of tomato. 

However the interaction between drought, phytohormones 

and variety were non-significant (Table 5). The number of 

fruits was reduced with the application of drought. 

Maximum reduction was noted with a 50% drought. 

Variety Yaqui showed maximum reduction as compared to 

other varieties. The effect of hormones (IAA and NAA) 

showed an increase in the number of tomatoes at fruit 

harvesting stages. Phytohormone was useful to increase 

the number of fruits under drought stress. Maximum 

number of fruits was observed with the foliar spray of 

NAA (25%) (Fig. 5C). There were highly significant 

effects of drought, phytohormone and its interactions on 

yield of tomato. The application of IAA and NAA helped 

to reduce the effect of drought from tomato. Total yield 

was improved by phytohormone when applied under 

drought stress. Minimum yield was noted in Yaqui and the 

maximum was in variety Rio Grande (Fig. 4.20). 
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Fig. 1. Effect of IAA and NAA on various morphological parameters of two tomato varieties under drought stress at vegetative and 

maturity stages. 
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Fig. 2. Effect of IAA and NAA on various morphological parameters of two tomato varieties under drought stress at vegetative and 

maturity stages. 
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Fig. 3. Effect of IAA and NAA on Various Gaseous Exchange Parameters of Two Tomato Varieties under Drought Stress at Vegetative 

and Maturity Stages. 

0

20

40

60

80

100

120

140

Rio Grande Yaqui Rio Grande Yaqui

Vegetative stage Maturity stageP
h

o
to

sy
n

th
e
ti

c
 r

a
te

 (
μ

m
o
lm

-2
s-1

) 

Control Drought (25%) Drought (50%)
IAA (25ppm) NAA (25ppm) Drought (25%)+IAA (25ppm)
Drought (50%)+ IAA (25ppm) Drought (25%)+NAA (25ppm) Drought (50%)+ NAA (25ppm)

A 

0

20

40

60

80

100

120

140

160

Rio Grande Yaqui Rio Grande Yaqui

Vegetative stage Maturity stage

T
ra

n
sp

ir
a
ti

o
n

 r
a
te

 (
m

3
s-1

 )
 

Control Drought (25%) Drought (50%)
IAA (25ppm) NAA (25ppm) Drought (25%)+IAA (25ppm)
Drought (50%)+ IAA (25ppm) Drought (25%)+NAA (25ppm) Drought (50%)+ NAA (25ppm)

B 

0
10
20
30
40
50
60
70
80
90

Rio Grande Yaqui Rio Grande Yaqui

Vegetative stage Maturity stage S
to

m
a
ta

l 
co

n
d

u
ct

a
n

ce
  
(m

m
o
lm

-2
 s

-1
) 

Control Drought (25%) Drought (50%)
IAA (25ppm) NAA (25ppm) Drought (25%)+IAA (25ppm)

Drought (50%)+ IAA (25ppm) Drought (25%)+NAA (25ppm) Drought (50%)+ NAA (25ppm)

C 

0

50

100

150

200

250

Rio Grande Yaqui Rio Grande Yaqui

Vegetative stage Maturity stage S
u

b
-s

to
m

a
ta

l 
C

O
2
 C

o
n

c.
 (

µ
m

o
l 
m

-2
 s

-1
) 

Control Drought (25%) Drought (50%)
IAA (25ppm) NAA (25ppm) Drought (25%)+IAA (25ppm)
Drought (50%)+ IAA (25ppm) Drought (25%)+NAA (25ppm) Drought (50%)+ NAA (25ppm)

D 



EFFECT OF PLANT GROWTH REGULATORS TO ELIMINATE DROUGHT STRESS IN TOMATO 859 

 
 

 
 

 
 

 
 

Fig. 4. Effect of IAA and NAA on various biochemical parameters of two tomato varieties under drought stress at vegetative and 

maturity stages. 
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Fig. 5. Effect of IAA and NAA on various antioxidants activities and yield parameters of two tomato varieties under drought stress at 

vegetative and maturity stages. 
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Discussion 
 

It was noted from the results that desiccation stress 

influenced the morphological as well as physiological 

traits of tomato. Drought stress lessened the plant 

growth such as shoot and root length, shoots and root 

fresh and dry weights. Drought stress overall disturbs 

the plant‟s ability to perform a normal function such as 

decrease the photosynthetic rate, stomatal conductance, 

carbohydrate and protein content. Zeid & Shedeed 

(2006) reported that the length of hypocotyl and shoot 

and root biomass was decreased in alfalfa (Medicago 

sativa L.) under drought conditions. Fewer moisture 

contents declined shoot length significantly in a 

soybean plant (Specht et al., 2001). Drought stress 

reduced the number of seeds in safflower and such 

reduction was overcome by the foliar application of 

IAA and NAA (Asrar & Elhindi, 2011). On other hand, 

our results regarding total yield are correlated with the 

work of Specht et al., (2001) where drought application 

reduced the total seed yield in soybean and this 

drought-induced reduction was mitigated by the use of 

indole-3-acetic acid. Water deficit decreases the water 

potential in a plant cell in four varieties of the soybean 

plant which further reduced the turgor pressure and 

induced the reduction in root biomass and the number 

of pods as well as seed weight (Liu et al., 2004). In 

literature, nitrogen and phosphorus contents 

significantly reduced in tomato seedling grown in low 

soil moisture contents (Subramanian et al., 2006). In 

water deficit condition reduction in the plant, biomass 

is correlated with less cell proliferation and 

enlargement more senescence of leaves in okra (Bhatt 

& Srinivasa Rao, 2005). The number of leaves and leaf 

areas is significantly reduced in the various plant 

including wheat, maize and sorghum under less water 

availability (Farooq et al., 2010). Desiccation 

decreased photosynthetic pigments chlorophyll and 

carotenoids in cotton and rice (Jaleel et al., 2008). 

Similarly, in marigold both chlorophyll, a and b content 

severally reduced (Asrar & Elhindi, 2011). Underwater 

deficit condition chlorophyll pigments reduced 

significantly in safflower and bilberry (Tahkokorpi et 

al., 2007; Kiani et al., 2008). Dickin & Wright (2008) 

while working on six wheat cultivar under drought 

stress reported that the number of seed and seed weight 

markedly declined. It is further observed on eight 

maize cultivars where limited water supply 

significantly reduced grain yield (Monneveux et al., 

2006). Four varieties of soybean cultivated on drought 

areas showed a reduction in the number of pods as well 

as number seed and also seed weight (Specht et al., 

2001). Water stress showed a harmful effect on four 

varieties of potential oilseed crop sunflower where 

seed yield and capitulum diameter markedly reduced 

(Tahir & Mehid, 2001). Saifuddin et al., (2009) 

reported that IAA promotes rooting and vegetative 

propagation through stem cutting. On the other hand, a 

mixture of indole-butyric acid and naphthalene acetic 

acid with the concentration of (250-500 ppm) 

stimulated rooting in tomato (Singh et al., 1999). The 

tendency of later root formation in tomato seedling is 

increased by 8 fold with the application of 1.6 M–

naphthalene acetic acid (Taylor & Scheuring, 2004). 

Application of auxin increased the hypocotyl length, 

fresh and dried seedling weight and dried hypocotyls 

weight of three wheat cultivars (Akbari et al., 2007). 

The foliar treatment of IAA promotes the plant height 

and dry weight in black seeds (Hussain et al., 2003). 

Combined application of 2, 4-D, IAA and NAA 

promoted plant growth and development by enhancing 

the number of branches and plant height in tomato 

(Singh et al., 2005; Patel et al., 2012). Foliar dosing of 

IAA on tomato plant growing media had a positive 

effect on plant development and produced the highest 

branches per plant (Ali et al., 2012). Kumar et al., 

(2001) while working on eight cotton varieties reported 

that foliar-applied auxin increased yield under severe 

drought stress. Foliar sprays of IAA produced more 

flowers, increased fruit set frequency and a higher 

number of fruits and greater yield in tomatoes as 

associated to control plants (Ali et al., 2012). Auxin 

treatment increases the number of seeds and pods per 

pea plant proper application time and type of variety 

also significant for a better result. IAA also increased 

the spike number, spikes weight and growth of tiller 

per plant (Wang et al., 2003). Plant growth regulator 

controls the abscission and application of plant 

hormone eventually gives better yield in tomato and 

soybean (Nahar & Ikeda, 2002). In the literature study, 

it was determined that the use of plant growth regulator 

increased the number of fruit, fruit size and total yield 

of tomato (Saifuddin et al., 2009). At the time of 

flowering, the application of IAA and NAA resulted in 

lessened fruit fall and enhanced the size of the fruit, 

boosted fruit setting and fruit yield in tomato (Gemici 

et al., 2006). Foliar spray of NAA (10ppm) on the 

cluster of small stems where flower development 

followed by pollination produced the highest yield 

(Rodrigues et al., 2001). Exogenous application of 

NAA with a concentration of 25ppm increased T.S.S 

and vitamin C content of tomato (Pudir & Yadav, 2001; 

Saha et al., 2009). Foliar application of NAA 

successfully increases the branch's number, plant 

height, promotes the fruit set and increases the 

diameter of tomato (Patel et al., 2012; Verma et al., 

2014). NAA directly influences the physiological 

processes, root initiation, leaf senescence; fruit setting 

to promote the maturity stage enhance the quality of 

tomato (Pundir & Yadav, 2001; Bhosle et al., 2002; 

Meena, 2008). 

 

Conclusion 
 

It was concluded that drought stress levels (25 & 

50%) significantly reduced the growth parameters, 

biochemical, physiological and yield attributes in both 

tomato varieties. Foliar applications of NAA and IAA 

alleviated the drought effects by increasing growth and 

physiological attributes. Exogenous application of the 

NAA was more effective to alleviate the drought effect 

than IAA. Variety Rio Grande showed better performance 

under drought than Yaqui. 
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