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ABSTRACT 

Plants are frequently exposed to many environmental stresses such as drought, cold, 

salt, flood, heat, heavy metal toxicity etc while growing in natural conditions. Of the 

different environmental stresses, drought stress is the most important stress and the 

main cause of significant losses in growth and productivity of many plants. Drought 

induces significant alterations in plant physiology and biochemistry. Severe drought 

stress may result in functional damage and loss of plant parts. Tomato is an important, 

popular and nutritious vegetable crop. This piece of work was carried out to identify 

the effects of drought stress in different cultivars of tomato. 

Mannitol and NaCl were used to induce drought stress. For the selection of 

osmoticum the tomato seeds were germinated in different concentrations of mannitol 

and NaCl. Under controlled condition, 96% of seeds were germinated. The 

germination percentage was reduced upto 36 % and 57.33% in 4000 ppm of NaCl and 

mannitol. Further work was carried out using NaCl. Drought tolerant cultivar (NCL) 

and drought sensitive cultivar (BL) were selected by subjecting germination of tomato 

seeds in different concentration of NaCl and by the measuring different physiological 

attributes (RWC and ELWR). The selected cultivars were further grown and treated 

with four different concentrations of NaCl solutions after 30 days of germination. 

Shoot length, fresh weight, dry weight and chlorophyll content of the selected 

cultivars were measured after 60 days of germination. Shoot length, fresh weight and 

dry weight were found to be more in BL but chlorophyll content was found to be 

present in higher amount in NCL. The effects of induced stress were more 

pronounced in BL. Shoot length, fresh weight and dry weight were reduced upto 

39.82%, 42.03% and 24.13% respectively in BL. In NCL shoot length, fresh weight 

and dry weight were reduced by 28.76%, 38.74% and 16.22% respectively. 

Chlorophyll a and Chlorophyll b were reduced upto 36.05% and 37.78% respectively 

in NCL and upto 27.08% and 22.86% respectively in BL.  
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Chapter One 

INTRODUCTION 

1.1 General Background 

Stress is an altered physiological condition caused by factors that tend to disrupt the 

equilibrium. Strain is any physical and chemical change produced by a stress (Gaspar 

et al., 2002). Stress contains both destructive and constructive elements and is a 

selection factor as well as a driving force for improving resistance and adaptive 

evolution (Larcher 1987). 

Plants are frequently exposed to many stresses such as drought, low temperature, salt, 

flooding, heat, oxidative stress, heavy metal toxicity, etc, while growing in nature 

(Jaleel et al., 2009). Due to their sedentary mode of life, plants resort to many 

adaptive strategies in response to different stresses such as high salt, dehydration, 

cold, heat and excessive osmotic pressure which ultimately affect plant growth and 

productivity (Epstein et al., 1980; Yancey et al., 1982). Plants adapt to different 

environmental stress via stress tolerance and stress avoidance. The ability of plants to 

cope with adverse environmental conditions and stresses is the stress tolerance. The 

degree of tolerance differs with different plant species. In stress avoidance the plant 

responds by somehow reducing the impact of environmental stress. Plants adapt to 

stresses by different mechanisms including changes in morphological and 

developmental patterns as well as physiological and biochemical process (Bohnert et 

al., 1995). Tolerance to abiotic stresses is very complex due to the intricate of 

interactions between stress factors and various molecular, biochemical and 

physiological phenomena affecting plant growth and development (Razmjoo et al., 

2008).  

Cold, drought and salinity are those environmental stressors which affect plants in 

many respects and cause the greatest economic losses in agriculture due to their wide 

spread occurrence (Beck et al., 2007). All these three forms of abiotic stresses affect 

the water relations of a plant at the cellular as well as whole plant level causing 

specific as well as unspecific reactions like damages and adaptation reaction. Water 

deficit and salt stress are the global issues that need to be addressed to ensure survival 
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of agricultural crops and sustainable food production (Jaleel et al., 2007; Nakayama et 

al., 2007). 

Drought is a meteorological term and is commonly defined as a period without 

significant rainfall. Generally drought stress occurs when the available water in the 

soil is reduced and atmospheric conditions cause continuous loss of water by evapo-

transpiration. Drought stress is considered to be a moderate loss of water, which leads 

to stomatal closure and limitation of gas exchange (Smirnoff, 1993). Drought is the 

most severe stress and the main cause of significant losses in growth and productivity 

of crop plants (Ludlow and Muchow, 1990). Drought induces significant alterations in 

plant physiology and biochemistry. Some plants have a set of physiological 

adaptations that allow them to tolerate water stress conditions. The drought stress 

tolerance is seen in almost all plants but its extent varies from species to species and 

even within species (Save et al., 1995). Plants response to water stress includes 

morphological and biochemical changes and later when water stress becomes more 

severe, functional damage and loss of plant parts take place (Sangtarash, 2010). The 

reactions of plants to water stress differ significantly at various organizational levels 

depending on plant species, intensity and duration of stress, and the growth stage of 

the plant (Chaves et al., 2002). The most severe form of water deficit is desiccation- 

when most of the protoplasmic water is lost and only a very small amount of tightly 

bound water remains in the cell (Yordanov et al., 2003). Drought stress is 

characterized by reduction of water content, diminished leaf water potential, loss of 

turgidity, closure of stomata, reduced rates of transpiration and photosynthesis, and 

decrease in cell enlargement and growth. Furthermore, the drought stress leads to 

accumulation of stress hormone abscissic acid (ABA), various kinds of 

osmoprotectants (like proline, mannitol, sorbitol, etc.), radical scavenging compounds 

(ascorbate, glutathione, alpha tocopherol etc.) and new proteins and mRNAs that help 

the plants in stress mitigation (Yordanov et al., 2003). Besides these physiological 

responses plants also undergo morphological changes. One of the largest is the 

adaptation of plants and chloroplasts to high light (sun) and low light (shade 

exposure) (Lichtenthaler et al., 2008). Severe water stress may result in the arrest of 

photosynthesis, disturbance of metabolism and finally the death of plant (Jaleel et al., 

2008).  
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Plants can cope up with these stresses to a limited extent. Plants growing in extreme 

environment have evolved unique mechanisms to tolerate the extreme environment 

and are able to grow in these conditions. These include the presence of thick well 

developed cuticle, thick and fleshy stems and leaves, presence of hairs, well 

developed vascular system etc. The osmotic adjustment, i. e., reduction of cellular 

osmotic potential by net solute accumulation, has been considered an important 

mechanism to salt and drought tolerance in plants (Hasegawa et al., 2000). The 

osmotic adjustment in both roots and leaves contribute to the maintenance of water 

uptake and cell turgor and allows occurrence of physiological processes such as 

stomatal opening, photosynthesis, and cell expansion (Serrai and Sinclair, 2002). 

1.2 Quantification of Water stress 

Relative water content, leaf water potential, stomatal resistance, rate of transpiration, 

leaf temperature and canopy temperature are some of the important parameters that 

influence plant water relations. Leaf water potential is considered to be a reliable 

parameter for quantifying plants’ response to water stress (Ghobadi et al., 2011) and 

high leaf water retention may be used as an indicator of drought tolerance (Randhawa 

et al., 1988). Among several methods used to characterise internal plant water status, 

relative water content (RWC) is an integrative indicator and is used successfully to 

identify drought resistant cultivars (Matin et al., 1989). RWC is considered a measure 

of plant water status, reflecting the metabolic activity in tissues and used as a most 

meaningful index for dehydration tolerance. RWC of leaves is higher in the initial 

stages of leaf development and declines as the dry matter accumulates and leaf 

matures (Anjum et al., 2011). A decrease in RWC in response to drought has been 

noted in wide variety of plants wheat, tomato, rice, Catharanthus etc. When leaves 

are subjected to drought, leaves exhibit large reductions in relative water content and 

water potential (Nayyar and Gupta 2006). 

1.3 Effects of drought stress on plants: 

It has been established that drought stress is a very important limiting factor at the 

initial phase of plant growth and establishment. It affects both elongation and 

expansion of cells (Anjum et al., 2003; Bhatt and Srinivasa Rao, 2005; Kusaka et al., 

2005; Shao et al., 2008). Water stress inhibits cell enlargement more than cell 

division. It reduces plant growth by affecting various physiological and biochemical 
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process such as photosynthesis, respiration, translocation, ion uptake, carbohydrate 

nutrient metabolism and growth promoters (Jaleel et al., 2008; Farooq et al., 2008). 

The stem length reduced under water deficit conditions in soybean (Specht et al., 

2001) and potato (Heuer and Nadler, 1995). Similarly, the plant height in water 

stressed citrus seedlings reduced up to 25% with respect to untreated controls (Wu et 

al., 2008).  

Water stress greatly suppresses cell elongation and cell growth due to the low turgor 

pressure. Osmotic regulation can enable the maintenance of cell turgor for survival or 

to assist plant growth under severe drought conditions in pearl millet (Shao et al., 

2008). A common adverse effect of water stress on crop plants is the reduction in 

fresh and dry biomass production (Farooq et al., 2009). Diminished biomass due to 

water stress is reported in almost all genotypes of sunflower (Tahir and Mehid, 2001). 

Reduced biomass is also reported in water stressed soybean (Specht et al., 2001) 

Photosynthetic pigments are important to plants mainly for harvesting light and 

production of reducing powers. Chlorophyll is one of the major chloroplast 

components for photosynthesis and relative chlorophyll content has a positive 

relationship with photosynthetic rate. The decrease in chlorophyll content under 

drought stress has been considered a typical symptom of oxidative stress and may be 

the result of pigment photo-oxidation and chlorophyll degradation. Both the 

chlorophyll a and b are prone to degradation by soil dehydration (Farooq et al., 2009). 

Decreased or unchanged chlorophyll level during drought stress has been reported in 

many species depending on the duration and severity of drought. A reduction in 

chlorophyll content has been reported in drought stressed cotton (Massacci et al., 

2008), periwinkle (Jaleel et al., 2008) and sunflower plants (Kiani et al., 2008). At the 

whole plant level the effect of stress is usually perceived as a decrease in 

photosynthesis and growth, and is associated with alteration in carbon and nitrogen 

metabolism (Cornic and Massacci 1996; Mwanamwenge et al., 1999). Loss of 

chlorophyll content under stress is considered a main cause of inactivation of 

photosynthesis. Furthermore water deficit induced reduction in chlorophyll has been 

ascribed to loss of chloroplast membranes, excessive swelling and distortion of the 

lamellae vesiculation and the appearance of lipid droplets (Kaiser et al., 1981). 
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Water stress brought about by drought and salinity is one of the most important 

abiotic factors limiting plant germination and early seedling stages (Almansouri et al., 

2001). Salts and other solutes in the medium cause inhibitory osmotic effects on the 

seeds’ water uptake and retard and/or suppress germination (Al-Taisan, 2010). 

Salinity and drought affect the plants in a similar way (Katerji et al., 2004) since 

reduced water potential is a common consequence of both salinity and drought 

(Legocka and Kluk, 2005).  

1.4 Screening of plants for tolerance to water stress: 

One of the screening techniques based on physiological traits is the use of various 

osmotica to induce drought stress in plant tissues. NaCl, Polyethylene glycol (PEG) 

and mannitol have been used to simulate osmotic stress effects for plants to maintain 

uniform water potential throughout (Kulkarni and Deshpande, 2007). Germination in 

mannitol and polyethylene glycol (PEG), measurements of root length or rooting 

depth and the survival or growth of seedlings subjected to osmotica have also been 

suggested for drought screening (Emmerich and Hardegree, 1990; Kocheva et al.,  

2004; Farshadfar et al., 2002). The water stress affects germination and seedling 

growth by creating an osmotic pressure in wheat (Mehmet et al., 2008). The reduction 

in water uptake by germinating seed in stress condition resulted in decreases of 

seedling growth in rice (Alam, 2001). 

1.5 Tomato and Water stress 

Tomato is an important, popular and nutritious vegetable crop that has achieved 

tremendous popularity over the last century. It is grown in almost every country of the 

world – in the field, greenhouses and net houses. Tomato belongs to the family 

Solanaceae. The botanical name of tomato is Lycopersicon esculentum Mill. It is a 

diploid plant with 2n=24 chromosomes. Tomato by its nature is a perennial plant, but 

is commercially cultivated as an annual crop. The tomato crop is very versatile and is 

grown either for fresh market or processing (Bhatia et al., 2004). Tomato production 

and consumption has grown quite rapidly over the past 25 years. At present, tomato is 

grown in an area of around 3.9 million-hectares worldwide with an annual production 

of 145 million metric tonnes in the year 2010 (FAO Statistical Database, 2010). 

Tomato is rich in vitamins A and C and fibre, and is also cholesterol free (Hobson and 

Davies, 1971).  It plays a vital role in providing a substantial quantity of vitamin C 
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and A in human diet (Nahar and Gretzmacher, 2002). An average sized tomato (148 

g) boasts only 35 calories. Tomato contains approximately 20–50 mg of lycopene/100 

g of fruit weight (Kalloo, 1991). Lycopene is part of the family of pigments known as 

carotenoids which are natural compounds that create colours of fruits and vegetables. 

Lycopene is the most powerful antioxidant in the carotenoid family and it protects 

humans from free radicals that degrade many parts of the body; lycopene is also 

known to prevent cancer (Block et al., 1992; Gerster, 1997; Rao and Agarwal, 2000). 

At present, tomatoes are consumed at a higher rate in the developed countries than in 

the developing countries and hence it may be referred to as a luxury crop. 

Though Nepal is one of the smallest and poorest countries in the world, it is rich in 

biodiversity. Agriculture is the major sector in Nepal’s economy which contributes 

about 42 percent of Gross Domestic Products (GDP). About 81 percent of Nepalese 

citizen depend on agriculture for their livelihood (NBS 2002). Agricultural resources 

fulfil both the immediate and long term needs of rural communities. The annual 

production of vegetable crops in Nepal is 3,00,3821 metric ton in 2,35,098 hectare 

land and Tomato is cultivated in 15609 hectare land with an annual production of 

242018 metric ton in the Fiscal year 2009/2010 (MOAC 2010). 

Though drought stress is an important factor that affects growth, development and 

yield of crops, very few studies have been conducted in Nepal. Tomato being one of 

the important vegetable crops the growth and yield is mostly affected by the vagaries 

of nature. Thus there is an immediate need to identify drought tolerant cultivar of 

tomato. This study tries to identify drought tolerant cultivar from some cultivars of 

tomato and the effect of drought on tomato. 

1.6 Research questions 

This study tries to seek the answer for the following questions. 

What are the responses of tomato cultivars to different drought stress treatments?  

Are these responses similar? 

What may be underlying causes of these responses? 
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1.7 Objectives 

In order to find the answer to the research questions, the following objectives were 

made. 

Broad objective of this study was to assess the effect of water stress on various 

parameters such as shoot length, fresh weight, dry weight, and chlorophyll content, 

etc in different tomato cultivars grown in the country.  The specific objectives of the 

study were 

a) To screen the tomato cultivars for their tolerance against drought stress. 

b) To select the most tolerant and most sensitive cultivar. 

c) To compare the effects of drought stress in drought tolerant and sensitive cultivars 

of tomato. 
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Chapter Two 

MATERIALS AND METHODS 

2.1 Collection of seeds of different cultivars 

The seeds of two different cultivars of tomato (Srijana and NCL) were collected from 

Horticultural Research Division of Nepal Agricultural Research Council (NARC) and 

three different cultivars of tomato (Dahlia, BL and CL) from the local market. 

2.2 Selection of Osmoticum 

Cultivar Srijana was subjected to germination in different concentrations of mannitol 

and NaCl. 10 gm each of mannitol and NaCl was weighed and dissolved in minimal 

amount of distilled water. The mixture was shaked well and the final volume was 

made to 1000 ml. This stock solution was used to prepare the working solutions of 

1000 ppm, 2000 ppm, 3000 ppm and 4,000 ppm. Distilled water was used as control 

solution. 

2.2.1 Viable seed selection and surface sterilization 

About 75 viable seeds of all the cultivars were selected by observation. The selected 

seeds were first washed in mild detergent for 2-3 minutes. The seeds were then rinsed 

in tap water. The seeds were transferred in sterile eppendorf tube containing 0.25% 

sodium hypochlorite. 2 drops of tween-20 was added and the tubes were shaken 

mildly for 15 minute. The seeds were then washed five times with sterile water under 

aseptic conditions. 

2.2.2 Seed germination 

First of all sterile petridishes were labeled. Sterile filter paper sheets were placed on 

the petridishes. Each petridish was then soaked with 2 ml of working solutions 

(control solution, 1000 ppm, 2000 ppm, 3000 ppm and 4000 ppm NaCl and mannitol 

solutions). Five sterilized seeds of each cultivar were placed in each petridish. The 

process was repeated three times. 
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2.2.3 Observation 

Germination was observed and data was recorded at day 10 after subjected to 

germination. 2mm radical protrusion was considered as germinated and data was 

recorded. 

2.3 Drought sensitive and drought tolerant cultivar selection 

Cultivar that can grow well under drought stress condition is drought tolerant and the 

one that cannot grow under stress condition is drought sensitive variety. Drought 

sensitive and drought tolerant cultivars were selected by germinating the seeds of 

different cultivars in different concentrations of NaCl and by measurement of 

physiological attributes. 

2.3.1 Germination test 

2.3.1.1 Preparation of stock NaCl solution and working solutions 

Stock NaCl solution and working solutions were prepared by the process described in 

2.2. 

2.3.1.2 Viable seed selection and surface sterilization 

About 30 viable seeds of all the cultivars were selected and surface sterilized by the 

process as described in 2.2.1 

2.3.1.3 Seed germination and observation 

Seed germination and observation of the selected seeds were done by the process 

described above in 2.2.2 and 2.2.3 

2.3.2 Measurement of physiological attributes 

2.3.2.1 Viable seed selection and sterilization 

10 viable seeds of all the cultivars were selected by observation. The selected seeds 

were first washed in mild detergent for 2-3 minutes. The seeds were then rinsed in tap 

water. The seeds were transferred in sterile eppendorf tube containing 0.25% sodium 

hypochlorite. 2 drops of tween-20 were added. They were shaken mildly for 15 

minutes. The seeds were then washed with sterile water for 5 times. 
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2.3.2.2 Soil preparation and seed germination 

The soil for the seed germination was prepared in plastic tray by mixing 25% sand, 

25% vermin-compost and 50% top soil. The seeds of all the cultivars were germinated 

in separate tray with above mentioned soil preparation. Prepared soil was also 

transferred to plastic bag of size 4cmx6cm. 

2.3.2.3 Seedling transplantation 

After 10 days of seed germination 3 identical seedlings of each cultivar were 

transferred to 3 separate plastic bags and were allowed to grow under similar 

conditions of light temperature and nutrients. 

2.3.2.4 Measurement of Excised Leaf Water Retention (ELWR)  

After 30 days of seed germination, the youngest leaves were collected and weighed, 

left for 5 hrs, at 30°C and reweighed. ELWR was calculated by using the following 

formula (Farshadfar et al., 2001) 

ELWR= [1 - (weight of fresh leaves - weight of leaves after 5 hr)/weight of fresh 

leaves] x 100 

2.3.2.5 Measurement of Relative Water Content (RWC) 

A sample of 3 leaves of each genotype was taken randomly and fresh weight (FW) 

was measured. The sample leaves were rinsed in distilled water for 4 hr in low light 

density and the turgor weight (TW) was measured. Sample leaves were oven dried at 

70°C for 72 hr and dry weight (DW) was measured. RWC was calculated using the 

formula following Eric et al., (2005). 

RWC = (FW-DW)/(TW-DW) x 100 

2.4 Effect of drought stress on drought tolerant and drought sensitive cultivars 

To induce drought stress to the selected cultivars, the protocol established by 

Hamayun et al., (2010) with slight modifications was followed. The modification 

includes five different stress condtions viz. 50 mM, 100 mM, 150 mM and 200 mM 

and control instead of 70 mM, 140 mM and control. 
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2.4.1 Germination of selected cultivars 

Seed selection, surface sterilization, soil preparation and germination of the selected 

seeds were done by process mentioned above in 2.2.2.1 and 2.2.2.2. 

2.4.2 Transfer of seedlings to the plastic bag 

After 10 days of seed germination in plastic tray, 15 identical seedlings of each 

variety were transferred to 15 separate plastic bags. The seedlings were then allowed 

to grow into fully grown plant. The plants were watered every other day. 

2.4.3 Preparation of stock NaCl solution and working solutions 

40 gm NaCl was weighed and mixed with 1 litre distilled water to prepare 1M NaCl 

solution. The mixture was shaken well. This stock solution was later used to prepare 

working solutions of 50mM, 100mM, 150mM and 200mM. Distilled water was used 

as control. 

2.4.4 Induction of stress 

After 30 days of germination, the plants were subjected to stress by treating them with 

working solutions. Each plant was treated twice with 100 ml of one working solution 

at a time at an interval of 1 week. So, each plant was treated with 200ml of one 

working solution. The process was done in triplicate. 

2.4.5 Measurement of shoot length 

When the plant was 60 days old, the shoot length was measured with the help of 

measuring tape and noted. 

2.4.6 Measurement of fresh weight (shoot) 

The above ground biomass of each plant was measured. The plants were cut just 

above the soil level and fresh weight of shoot was measured in the weighing machine 

and noted. 

2.4.7 Measurement of dry weight 

After the measurement of fresh weight the same plants were then subjected to oven 

dry at 70°C for 72 hour and dry weight was measured and noted. 
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2.4.8 Measurement of chlorophyll 

1 gm leaf each from different samples were weighed and cut into small pieces. The 

leaves were then ground and 10 ml of extraction medium (480 ml acetone, 117 ml 

distilled water and 3 ml 25% Ammonia (NH3) solution) were added and mixed well. 

The mixture was then transferred to the test tube. The mortar was again washed with 5 

ml extraction medium and transferred to the test tube. The final volume of the mixture 

was made 30 ml by adding required amount of extraction medium. The tube was then 

closed, shaken well and kept in dark for 30 minutes. The tubes were centrifuged at 

10,000 rpm for 30 minutes and the clear solution of the extract was collected. 

The absorbance of the extract was measured at 645 nm and 663 nm. Chlorophyll 

content was then calculated by using the following formulae given by Strain and Svec 

(1966). 

Chl. a (mg/ml) = 11.64 x A663 - 2.16 x A645 

Chl. b (mg/ml) = 20.97 x A645 - 3.94 x A663 

where A645 and A663 represent absorbance values read at 645 and 663 nm.  
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Chapter Three 

RESULTS 

3.1 Selection of osmoticum 

Fig. 1 Germination percentage of seeds of cultivar Srijana under different osmotic treatments 

 

 

The seeds of the cultivar Srijana were germinated in different concentrations of NaCl 

and mannitol. The germination of the cultivar was highest with germination 

percentage of 96% under controlled condition. Increased concentration of NaCl and 

mannitol caused a decrease in germination percentage. Under stressed condition 

germination of the cultivar was lower in NaCl than in mannitol. The germination 

percentage of seeds of different cultivars in NaCl in 1000 ppm was 85.33% followed 

by 68% in 100 mM, 49.33% in 3000 ppm and 36% in 4000 ppm. Similary the 

germination percentage in Mannitol in 1000 ppm was 88% followed by 77.33% in 

2000 ppm, 62.66% in 3000 ppm and 57.33% in 4000 ppm. So, NaCl was found to be 

more effective in inducing stress in tomato cultivar (Srijana). 
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3.2 Selection of drought sensitive and tolerant cultivar selection 

3.2.1 Germination 

Fig. 2: Germination percentage of different cultivars of tomato in control, 50 mM, 100 mM, 150 mM 

and 200 mM NaCl 

 

 

Fig. 3: Reduction in germination percentage of different cultivars as compared to control 
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germination percentages of other cultivars were found to lie between these two 

extremes. The germination percentage of seeds in all cultivars was found to decrease 

with the increasing concentration of NaCl, but the extent of such changes was cultivar 

specific. Cultivar NCL was found drought tolerant since retained highest germination 

percentage in different stress conditions. Similarly, the cultivar BL was found to be 

most sensitive to drought stress as it showed lowest germination percentage of seeds 

in all the osmotic treatments tested. The reduction in germination percentage in 

different stress conditions was highest in BL (fig. 3) 

 3.2.2 Physiological attributes 

Fig. 4:  ELWR and RWC of different cultivars 

 

The ELWR and RWC of all tomato cultivars is shown in Figure 4. The highest ELWR 

was found to be possessed by NCL (86.19±2.55%) and lowest ELWR was possessed 

by BL (70.42±4.43%). NCL was found to possess the highest amount of RWC 

(91.16±1.72%) followed by Dahlia (90.41±1.10%). BL variety was found to possess 

the lowest amount of RWC i.e. 81.69±3.95. Based on the values of ELWR and RWC 

NCL and BL were found to be the most tolerant and most sensitive cultivars to 

drought stress respectively. Only these two cultivars were considered for further 

study. 
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3.3 Effect of drought stress on various physiological parameters 

3.3.1 Shoot Length 

Fig. 5: Effect of different concentration of NaCl on shoot length of selected cultivars  

 

 

Fig. 6: Percentage reduction in shoot length of selected cultivars of tomato following 

treatment with NaCl. 

 

The shoot length of BL was found to be greater than NCL under controlled condition 

(fig. 5). The shoot length of both the cultivars decreased as the concentration of NaCl 
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200 mM respectively. Similarly the shoot length of BL was 152.33±2.52 and 

91.67±5.86 respectively. The shoot length of BL was found to be less than that of 

NCL at 150 mM and 200 mM. As compared to control, the percentage reduction in 

shoot length was more in BL than NCL (fig. 6). In 50 mM the shoot length decreased 

by 10.06% in BL whereas in NCL the decrease was 2.04% only. In 200 mM the shoot 

length in BL decreased by 39.82% whereas in NCL the decrease was 28.76%. 

3.3.2 Fresh weight (Shoot) 

Fig. 7: Effect of different concentrations of NaCl on fresh weight of selected cultivars 

 

Fig. 8: Percentage reduction in fresh weight of selected cultivars of tomato following 

treatment with NaCl  
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The fresh weight of BL was found to be greater than that of NCL in every stress 

condition. The fresh weight of both the cultivar decreased as the concentration of 

NaCl was increased. The fresh weight of NCL in controlled condition and 200 mM 

was 46.24±1.67 and 38.74±0.24 respectively. Similarly the fresh weight of BL in 

controlled condition and 200 mM was 71.54±1.27 and 41.47±0.52 respectively. 

The decrease was more profound in BL than NCL as compared to control. In 50 mM 

the fresh weight of BL decreased by 13.11% and this decrement reached upto 42.03% 

in 200 mM. But the fresh weight of NCL decreased by 3.27% in 50 mM whereas the 

in 200mM, the decrease was 16.22% as compared to control. 

3.3.3 Dry weight (Shoot) 

Fig. 9: Effect of different concentrations of NaCl on dry weight of selected cultivars 

 

The dry weight of BL was found to be greater than that of NCL in every stress 

condition. The dry weight of BL under control condition and 200mM was 6.30±0.27 

and 4.78±0.14, whereas the dry weight of NCL under control condition and 200mM 

was 4.33±0.03 respectively. 
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Fig. 10: Percentage reduction in dry weight of selected cultivars of tomato following 

treatment with NaCl 

 

The dry weight of both the cultivars decreased as the concentration of NaCl was 

increased. High decrease percentage was observed in BL than NCL. In 50 mM the dry 

weight of BL decreased by 5.87%. The decreased percentage reached upto 24.13%. 

For NCL the decrease in 50mM was 5.06% and it reached upto 15.76% in 200 mM. 

3.3.4 Chlorophyll content 

Fig. 11: Effect of different concentration of NaCl on chlorophyll content of selected cultivars  
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Fig. 12: Percentage reduction in chlorophyll content of selected cultivars of tomato following 

treatment with NaCl 

 

NCL was found to possess more chlorophyll a, chlorophyll b and total chlorophyll 

content than BL in both the control and stress conditions. The amount of chlorophyll a 

and chlorophyll b were 12.62±0.68 and 11.99±0.31 respectively for NCL and 

9.27±0.06 and 8.53±0.11 respectively for BL under controlled condition. Chlorophyll 

a and chlorophyll b and was found to decrease as the stress was increased. The lowest 

amount of chlorophyll a and chlorophyll b were found in severe stress condition. In 

stressed condition also chlorophyll a and chlorophyll b were found more in NCL than 

in BL. 

Under 50 mM NaCl, chlorophyll a was reduced by 19.49% in NCL and by 16.40% in 

BL. Similarly chlorophyll b was reduced by 16.18% in NCL and by 18.41% in BL. 

There was sharp reduction in chlorophyll a and chlorophyll b in 200 mM NaCl. Under 

200 mM NaCl, chlorophyll a was reduced by 36.05% in NCL and by 27.08% in BL. 

Similarly chlorophyll b was reduced by 37.78% in NCL and by 22.86% in BL. 
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Chapter Four 

DISCUSSION 

4.1 Selection of osmoticum 

Different cultivars of tomato were subjected to germination in osmoticum NaCl and 

mannitol. The result showed that NaCl was more effective than mannitol in inducing 

drought stress. NaCl has been used to to create osmotic stress in petri dish for plants 

(Misra and Dwivedi, 2004). Wang et al., 2005 reported that mannitol plays a role of 

osmolyte. The decrease in osmotic potential is considered a potential cellular 

mechanism of drought resistance as it enables turgor maintenance and growth 

continuation (Bajji et al., 2000; Munns 1988). Seong et al., (1988) reported that the 

moisture content and the seedling length decreased when the mannitol concentration 

increased, concluding that germination in mannitol was useful for the selection of 

soybean cultivar for emergency capacity under conditions of water deficit. In this 

study germination percentage of cultivars exposed to NaCl was found less than that of 

mannitol. Moreover the germination percentage of all the cultivars decreased with 

increasing concentrations of mannitol and NaCl. The reason for decreased 

germination may be attributed to the decreased osmotic potential as the concentration 

of mannitol and NaCl was increased. According to Mayer and Poljakoff-Mayber 

(1989) results like these could be attributed to absence of energy to start the 

germination process, as energy was obtained by increments in the respiratory pathway 

after the imbibition, and in low levels of water potential, water absorption proceeded 

slowly. Water deficit induced by mannitol affected germination and seedling 

development (Neto et al. 2004). Sodium chloride solution may have created an 

osmotic potential which prevented water uptake. It is also possible that solution 

provided the entry of the ions to the seeds that might have been toxic to the embryo or 

the developing seedlings (Almodares et al., 2007). It affects development just by 

increasing the sodium concentration in the growing medium. Sodium is a small ion 

that can pass easily through cellular membranes, and cells must pump it out 

expending energy to do that, otherwise the water activity decreases and all the 

metabolic pathways can be disturbed or disrupted, causing some imbalance in the 

energy production –consumption (Neto et al., 2004). So NaCl may be considered as 

more effective drought stress inducer than mannitol. Salts and other solutes in the 
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medium cause osmotic inhibitory effects on the seed’s water uptake and retard and /or 

suppress germination. 

4.2 Selection of cultivars 

4.2.1 Germination in NaCl  

NaCl is regularly used to induce drought stress in plants as they lower osmotic 

potential. Many researchers have reported germination as the criterion for the 

selection of drought tolerance. Cultivar having highest germination percentage under 

stress condition was considered to be drought tolerant and that having low 

germination percentage was considered drought sensitive. Of all the cultivars 

subjected to germination, NCL was found to have highest percentage of germination 

followed by Dahlia and BL was found to possess lowest percentage of germination. 

The germination percentage was found to decrease with increase in the concentration 

of NaCl and mannitol. Germination patterns could be different between species and 

between different varieties in the same species (McWilliam and Phillips, 1971, 

Therios, 1982). Percentage decrease in seed germination could be attributed to 

osmotic stress or to specific ion toxicity (Jamil et al., 2005). Many researchers have 

reported low germination percentage as the concentration of osmoticum was increased 

(Prado et al., 2000 and Patane et al., 2009). 

4.2.2 Physiological attributes 

Certain physiological parameters which confer drought resistance in plants have been 

identified for screening the genotypes (Alves and Setter, 2000). There are number of 

plant traits like relative water content (RWC), excised leaf water retention (ELWR), 

stomatal frequency, stomatal size, osmotic adjustment etc., which are related to 

drought resistance (Lugojan and Ciulca, 2011). Clarke and McCaig (1982) evaluated 

leaf diffusive resistance, leaf temperature and excised leaf water retention as 

screening criteria for drought resistance and concluded that measurement of excised 

leaf water retention capability was the most promising techniques of the three. In this 

study NCL was found to possess high ELWR and RWC as compared to other 

cultivars, whereas the lowest ELWR and RWC was found to be possessed  by BL. El 

Tayeb (2006) reported that drought caused a decrease in RWC in Vicia faba cultivars. 

Schonfeld et al., (1988) observed a decline in the amount of RWC in wheat due to 
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drought stress and reported the highest RWC in the tolerant genotype. Drought 

resistant genotypes had higher osmotic adjustment, stomatal resistance, relative water 

content and seedling survival compared to drought susceptible genotypes (Malik and 

Wright 1998). Clarke and McCaig (1982) found out that drought tolerant cultivars can 

retain more shoot water content than drought-susceptible cultivars. Drought tolerant 

genotypes in other crop species are also reported to possess high RWC and ELWR 

(Dedio 1975; Randhawa et al., 1988; Winter et al., 1988; Rajeshwari 1995; Alves and 

Setter, 2000).  

4.3 Effect of drought stress on various physiological parameters 

4.3.1 Shoot length, fresh weight and dry weight 

Drought resistance in wheat variety is characterized by small reduction of shoot 

growth in drought stressed conditions (Mehmet and Kaydan, 2008). Treatment of 

plants with NaCl (100 and 200 mM) resulted in significant reduction on most of 

vegetative growth parameters, including Number of leaves, Leaf area, Shoot and root 

height, and fresh and dry weight of shoots and roots. In this study, longest shoot 

length was observed for BL than NCL in controlled condition. However the shoot 

length decreased under increasing stress condition. The percentage decrease was 

found more in BL. Fresh weight and dry weight of the cultivars also showed the 

similar pattern. Fresh weight and dry weight under control conditions was found to be 

higher in BL than NCL. Fresh weight and dry weight relatively depended on shoot 

lengths. The decrease in shoot length, fresh weight and dry weight were also reported 

in the study of many other researchers (Akbarimoghaddam., et al., 2001; Mehmet and 

Kaydan 2008). Reduction in fresh and dry biomass production is the common adverse 

effect of water stress on crop plants (Zhao et al., 2006). The reduction in plant height 

could be attributed to decline in the cell enlargement and more leaf senescence in the 

plant under water stress (Manivannan et al., 2007a). Drought led to substantial 

impairment of growth related traits of maize in terms of plant height, leaf area, 

number of leaves/plant, cob length, shoot fresh and dry weight/plant (Kamara et al., 

2003). The decreased plant growth under water stress caused by high salinity might be 

due to its effect in lowering in plant metabolic activities (Hossein et al., 2007). The 

decrease in osmotic potential of NaCl reduced seedling growth such as root and shoot 

length, dry and fresh weight of root and shoot. Radhouane (2007) observed that 
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decreases in the external osmotic potential induced decreased shoot growth. The 

reduction in water uptake by germinating seed in stress condition resulted in decreases 

of seedling growth (Alam, 2001). Similar results were reported by other scientists 

showing reduction in seedling growth and different response of cultivars to drought in 

wheat (Almansouri et al., 2001) and pea (Okçu et al., 2005). Moreover, Soltani et al., 

(2006) found that reduction in seedling dry weight in response to drought and salinity 

in wheat cultivars is a consequence of decrease in mobilized seed reserve due to low 

water uptake by the germinating seeds. Salt stress leads to decreased shoot length in 

sugar beet and amaranth. The reduction in shoot development may be due to toxic 

effects of the NaCl used as well as unbalanced nutrient uptake by the seedlings (Jamil 

et al., 2006). Another reason for this decrease in root and shoot elongation under high 

salinity may be due to slow down of water uptake by the plant (Werner and 

Finkelstein, 1995). Shoot growth is also reduced by salinity due to the inhibitory 

effect of salt on cell division and enlargement in the growing point (Mccue and 

Hanson, 1990). Hamayun et al., 2010 found the shoot fresh and dry weights 

significantly decreased with elevated NaCl level at both pre-flowering and post 

flowering stage in wheat. Bradford and Hsiao (1982) and Chartzoulakis et al., (1993) 

showed dry matter decreased at high water stress as compared to control. As NaCl 

concentration increased, it antagonistically affected shoot dry weight. Reduction of 

dry weights relatively depended on shoot or root lengths. The results are similar to 

those reported by researchers (Ghoulam and Fares 2001; Salim 1991) in plants like 

Sugar beet, wheat, rice etc. 

4.3.2 Chlorophyll content 

Photosynthetic pigments are important to plants mainly for harvesting light and 

production of reducing power. Loss of chlorophyll content under stress is considered 

a main course of inactivation of photosynthesis. Decreased or unchanged chlorophyll 

level during drought stress has been reported in many species depending on the 

duration and severity of drought by many researchers. A reduction in chlorophyll 

content was reported in drought stressed cotton (Massacci et al., 2008) and periwinkle 

(Jaleel et al., 2008a). In this study the chlorophyll content of NCL was found more 

than BL. However the decreases in chlorophyll pigments were observed on increasing 

the intensity of stress. This result is in agreement with the findings of Bradrod and 
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Hsiao 1982; Chartzoulakis 1993; Steinberg et al., 1990; Chookhampaeng 2010; Jaleel 

et al., 2008; Al-sobhi 2006). The decrease in chlorophyll content under drought stress 

has been considered a typical symptom of oxidative stress and may be the result of 

pigment photo-oxidation and chlorophyll degradation. Both the chlorophyll a and b 

are prone to degradation due to soil dehydration (Farooq et al., 2009). The chlorophyll 

content decreased to a significant level at higher water deficits in sunflower plants 

(Kiani et al., 2008). At the whole plant level the effect of stress is usually perceived as 

a decrease in photosynthesis and growth, and is associated with alteration in carbon 

and nitrogen metabolism (Carnic and Massacci 1996; Mwanamwenge et al., 1999). 

Water deficit induced reduction in chlorophyll has been ascribed to loss of chloroplast 

membranes, excessive swelling, distortion of the lamellae vesiculation and the 

appearance of lipid droplets (Kaiser et al., 1981). Furthermore, the chlorophyll 

contents are sensitive to salt exposure and a reduction in chlorophyll levels due to salt 

stress has been reported in several plants, such as pea (Ahmad & John, 2005), wheat 

(Ashraf et al., 2002), rice (Anuradha & Rao, 2003) and tomato (Al-Aghabary et al., 

2004). 
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Chapter Five 

CONCLUSION 

The study concludes that NaCl induces more stress than mannitol. Germination of 

cultivars was subjected to different concentrations of NaCl and mannitol. The 

germination percentage decreased with increasing concentration of NaCl and 

mannitol. So, the germination of cultivar was affected by increasing concentration of 

mannitol and NaCl. Moreover germination percentage in NaCl was much less than 

that of mannitol. Hence, it was concluded NaCl induced more stress than mannitol.  

Five different cultivars were subjected to germination in mannitol and NaCl. Of all 

the cultivars, NCL possess highest percentage of germination followed by Dahlia. The 

lowest germination percentage was that of BL. Moreover, ELWR and RWC of NCL 

were also greater than other cultivars and BL had lowest percentage of ELWR and 

RWC. So it can be concluded that NCL is drought tolerant and BL is drought 

sensitive. 

Drought stress had had severe effect on different aspects of growth and development 

of tomato. Shoot length, fresh weight and dry weight were higher in BL than other 

cultivars. Under increasing concentration of stress, shoot length, fresh weight and dry 

weight decreased. The decrease was found to be more profound in BL than NCL. 

Unlike shoot length, fresh weight and dry weight, chlorophyll content was higher in 

NCL. Chlorophyll content was also found to decrease on increasing the concentration 

of stress. This study led to conclude that drought stress had effects on different 

aspects of tomato. As the impact of drought was more intense in BL, the yield of 

tomato may be low. Moreover, the chlorophyll pigments in NCL was higher than BL. 

This may lead to the conclusion that yield of tomato should be higher in NCL than 

BL.   



27 
 

REFERENCES 

Ahmad P. and Jhon R. 2005. Effect of salt stress on growth and biochemical 

parameters of Pisum sativum L. Archives of Agronomy and Soil Science, 51: 665- 672. 

Akbarimoghaddam H., Galavi M., Ghanbari A., Panjehkeh N., 2001. Salinity effects 

on seed germination and seedling growth of bread wheat cultivars. Trankia Journal of 

sciences, 9(1): 43-50. 

Al-aghabary K., Zhujun Z. and Qinhua S., 2004. Influence of silicon supply on 

chlorophyll content, chlorophyll fluorescence, and antioxidative enzyme activities in 

tomato plants under salt stress. Journal of Plant Nutrition, 27: 2101–15. 

Alam M.Z. 2001. The Effects of Salinity on Germination, Growth and Mineral 

Composition of Modern Rice Cultivars, Ph.D. Thesis, Department of Agriculture and 

Forestry, University of Aberdeen, UK. 

Almansouri M., Kinet J.M. and Lutts S. 2001. Effect of salt and osmotic stresses on 

germination in durum wheat (Triticum durum Desf.). Plant Soil, 231: 243-254. 

Almodares A., Hadi M. R. and Dosti B. 2007. Effects of salt stress on germination 

percentage and seedling growth in sweet sorghum cultivars. Journal of Biological 

Sciences, 7(8): 1492-1495. 

Al-Sobhi O.A., Al-Zahrani H.S. and Al-Ahmadi. 2006. Effect of salinity on 

chlorophyll and carbohydrate contents of Calotropis procera seedlings. Scientific 

Journal of King Faisal University (Basic and Applied Sciences), 7: 1 1427H 

Al-Taisan W.A. 2010. Comparative effects of drought and salt stress on germination 

and seedling growth of Pennisetum divisum (Gmel.) Henr. American Journal of 

Applied Sciences 7(5): 640-646, 2010 

Alves, A.A.C., Setter, T.L. 2000. Response of cassava to water deficit: leaf area 

growth and abscisic acid. Crop Science, 40: 131–137. 

Anjum F., Yaseen M., Rasul E., and Anjum S. 2003. Water stress in barley (Hordeum 

vulgare L.). Effect on morphological characters. Pakistan Journal of Agricultural 

Sciences, 40: 43-44. 



28 
 

Anjum S.A., Xie X., Wang L., Saleem M.F., Man C. and Lei W., 2011. 

Morphological, Physiological and biochemical responses of plants to drought stress. 

African Journal of Agricultural Research, 6(9): 2026-2032. 

Anuradha S. and Rao S.S.R. 2003. Application of brassinosteroids to rice seeds 

(Oryza sativa L.) reduced the impact of salt stress on growth and improved 

photosynthetic pigment levels and nitrate reductase activity. Plant Growth 

Regulation, 40: 29-32. 

Ashraf M., Karim F. and Rasul E. 2002. Interactive effects of gibberellic acid (GA3) 

and salt stress on growth, ion accumulation and photosynthetic capacity of two spring 

wheat (Triticum aestivum L.) cultivars differing in salt tolerance. Plant Growth 

Regulation, 36: 49-59. 

Bajji M., Lutts S. and Kinet J.M. 2000. Physiological changes after exposure to and 

recovery from polyethylene glycol-induced water deficit in callus culture issued from 

durum wheat (Triticum durum) cultivars differing in drought resistance. Journal of 

Plant Physiology, 156: 75-83. 

Beck E.H., Fettig S., Knake C., Hartig K. and Bhattarai T. 2007. Specific and 

unspecific responses of plants to cold and drought stress. Journal of Biosciences. 

32(3): 501-510. 

Bhatia P., Ashwath, Senaratna T. and Midmore D. 2004. Tissue culture studies of 

tomato (Lycopersicon esculentum). Plant Cell, Tissue and Organ Culture, 78: 1-21. 

Bhatt R.M. and Srinivasa Rao N.K., 2005. Influence of pod load response of Okra to 

water stress. Indian Journal of Plant Physiology, 10: 54-59. 

Block G.B., Patterson B. and Subar A. 1992. Fruit, vegetables and cancer prevention: 

a review of the epidemiological evidence. Nutrition and Cancer, 18: 1–29 

Bohnert H.J., Nelson D.E., Jensen R.G., 1995. Adaptations to environmental stresses. 

Plant cell, 7: 1099-1111. 

Bradford K.J., Hsiao T.C. 1982. Physiological responses to moderate water stress. In: 

Physiological plant ecology II. Water relations and carbon assimilation. Encyclopedia 



29 
 

of Plant Physiology., Vol. 12B. Eds. Lange O., Nobel P. S., Osmond C. B., Zeigler H. 

Springer, Berlin-Heidelberg-New York, 263–324. 

Chartzoulakis K., Noitsakis B., Therios I. 1993. Photosynthesis, plant growth and dry 

matter distribution in kiwi fruit as influenced by water deficits. Irrigation Science, 14: 

1–5.  

Chaves M.M., Pereira J.S., Morocco J., Rodriques M.L., Ricardo C.P.P., Osorio M.L., 

Carvatho I., Faria T. and Pinheiro C. 2002. How plants cope with water stress in the 

field, photosynthesis & growth? Annals of Botany, 89: 907-916. 

Chookhampaeng S. 2010. The effect of salt stress on growth, chlorophyll content, 

proline content and antioxidative enzymes of pepper (Capsicum annuum L.) seedling. 

European Journal of Scientific Research. 49(1): 103-109 

Clarke J.M., Mccaig T.N. 1982. Excised leaf water retention capacity as an indicator 

of drought resistance of Triticum genotypes. Canadian Journal of Plant Science 62: 

571-578 

Cornic C., Massacci A., 1996. Leaf photosynthesis under drought stress. In: 

Photosynthesis and Environment, Ed. Baker, N. R. Kluwer Academic Publishers, 347-

366. 

Dedio W., 1975. Water relations in wheat leaves as screening tests for drought 

resistance. Canadian Journal of Plant Science, 55: 369-378. 

El-Tayeb M.A. 2006. Differential response of two Vicia faba cultivars to drought: 

growth, pigments, lipid peroxidation, organic solutes, catalase and peroxidase activity. 

Acta Agronomica Hungarica, 54: 25-37. 

Emmerich W.E. and Hardegree S.P. 1990. Polyethylene glycol solution effect on seed 

germination. Journal of Agronomy, 82: 1103-1107. 

Epstein E., Rush J.D., Kingsbury R.W., Kelley D.B., Cinnigham G.A., Wrono A.F. 

1980. Saline culture of crops: a genetic approach. Science, 210: 399-404.  

Eric S.O., Bloa M.L., Clark C.J.A., Royal A., Jaggard K.W. and Pidgeon J.D. 2005. 

Evaluation of physiological traits as indirect selection for drought tolerance in sugar 

beet. Field Crops Research, 91: 231-249. 



30 
 

FAO Statistical Database 2010. FAOSTAT Agriculture data, URL 

http://apps.fao.org/page/collections?subset=agriculture, date of access 13 June 2010. 

Farooq, M., Wahid A., Kobayashi N., Fujita D. and Basra S.M.A. 2009. Plant drought 

stress: effects mechanisms & management. Agronomy for Sustainable Development, 

29:185-212. 

Farooq, M., Basra S.M.A., Wahid A., Cheema Z.A., Cheema M.A. and Khaliq A. 

2008. Physiological role of exogenously applied glycinebetaine in improving 

tolerance of fine grain aromatic rice (Oryza sativa L.). Journal of Agronomy and Crop 

Science, 194: 325-333. 

Farshadfar E., Farshadfar M., Sutka J. 2001. Combining ability analysis of drought 

tolerance in wheat over different water regimes. Acta Agronomica Hungarica, 48(4): 

353-361. 

Farshadfar E., Mohammadi R. and Sutka J. 2002. Association between field and 

laboratory predictors of drought tolerance in wheat disomic addition lines. Acta 

Agronomica Hungarica, 50: 377-381. 

Gaspar T., Franck T., Bisbis B., Kevers C., Jouve L., Hausman J.F. and Dommes J. 

2002. Concepts in plant stress physiology. Application to plant tissue cultures. Plant 

Growth Regulation, 37: 263-285. 

Gerster H. 1997. The potential role of lycopene for human health. Journal of the 

American College of Nutrition, 16: 109–126. 

Ghobadi M., Khosravi S., Kahrizi D., and Shirvani F. 2011. Study of water relations, 

chlorophyll and their correlations with grain yield in wheat (Triticum aestivum L.) 

Genotypes. World Academy of Science, Engineeering and Technology, 78: 582-585. 

Ghoulam C. and Fares K. 2001. Effect of salinity on seed germination and early 

seedling growth of sugar beat (Beta vulgaris L.). Seed Science and Technology, 29: 

357- 364. 

Hamayun M., Khan S.A., Khan A.L., Shinwari Z.K., Hussain J., Sohn E-Y., Kang S-

M., Kim Y-H., Khan M.A., and Lee I-J. 2010. Effect of salt stress on growth 



31 
 

attributes and endogenous growth hormones of soybean cultivar hwangkeumkong. 

Pakistan Journal of Botany, 42(5): 3103-3112. 

Hasegawa P.M., Bressan R.A., Zhu J-K. and Bohnert H.J. 2000. Plant cellular and 

molecular responses to high salinity. Annual Review of Plant Physiology and Plant 

Molecular Biology, 51: 463–499. 

Heuer B. and Nadler A. 1995. Growth development and yield of potatoes under 

salinity and water deficit. Australian Journal of Agricultural Research, 46: 1477-

1486. 

Hobson G. and Davies J. 1971. The Tomato. In: The Biochemistry of Fruits and Their 

Products (Hulme A., eds) pp. 337–482. Academic Press, New York, U.S. 

Jaleel C.A., Sanker B., Murali P.V., Gomathinayagam M., Lakshmanan G.M.A. and 

Panneerselvam R., 2008e. Water defict stress effects on reactive oxygen metabolism 

in Catharanthus roseus: impacts on ajmalicine accumulation. Colloids and Surfaces 

B: Biointerfaces, 62: 105-111. 

Jaleel C.A., Manivannan P., Wahid A., Farooq M., Somasundaram R. and 

Panneerselvam R. 2009. Drought stress in plants: a review on morphological 

characteristics & piments composition, International Journal of Agriculture and 

Biology, 11: 100-105. 

Jaleel C.A., Manivannan P., Sankar B., Kishorekumar A., Gopi R., Somasundaram R.  

and Pannerselvam R. 2007b. Water deficit stress mitigation by calcium chloride in 

Catharanthus roseus, effects on oxidative stress, proline metabolism and indole 

alkaloid accumulation. Colloids and Surfaces B: Biointerfaces, 60: 110-116. 

Jaleel C.A., Sankar B., Sriaharan R., and Panneerselvam R. 2008. Soil salinity alters 

growth, chlorophyll content, and secondary metabolite accumulation in Catharanthus 

roseus. Turkish Journal of Biology, 32: 79-83. 

Jamil M., Lee C.C., Rehman S.U., Lee D.B., Ashraf M. and Rha E.S. 2005. Salinity 

(NaCl) tolerance of Brassica species at germination and early seedling growth. 

Journal of Environmental Agricultural and Food Chemistry, 4: 970-976. 



32 
 

Kaiser W.M., Kaiser G., Schoner S., Neimanis S. 1981. Photosynthesis under osmotic 

stress. Differential recovery of photosynthetic activities of stroma enzymes, intact 

chloroplasts and leaf slices after exposure to high solute concentrations. Planta, 153: 

430-435. 

Kalloo G. 1991. Introduction. In: Monographs on Theoretical and Applied Genetics 

(Kalloo G., eds, 14), Genetic Improvement of Tomato (pp. 1–9). Springer-Verlag, 

Berlin, Heidelberg, New York. 

Kiani, S.P., Maury P., Sarrofi A. and Grieu P. 2008. QTL analysis of chlorophyll 

fluorescence parameters in sunflower (Helianthus annus L.) under well watered and 

water stressed conditions. Plant Science, 175: 565-573. 

Kocheva, K., Lambrev P., Georgev G., Goltsev V. and Karabaliev M. 2004. 

Evaluation of chlorophyll fluorescence and membrane injury in the leaves of barley 

cultivars under osmotic stress. Bioelectrochemistry, 63: 121-124. 

Kulkarni M, Deshpande U. (2007). In vitro screening of tomato genotypes for drought 

resistance using polyethylene glycol. African Journal of Biotechnology 6(6): 691-696. 

Kusaka M., Ohta M.  and Fujimura T. 2005. Contribution of inorganic components to 

osmotic adjustment and leaf folding for drought tolerance in pearl millet. Physiologia 

Plantarum, 125: 474-489. 

Larcher, W. 2003. Physiological plant ecology. 4th ed. Springer- Verlag, Berlin. 

Larcher W. 1987. Stress bei Pflanzen. Naturwissenschaften, 74: 158-167. 

Lichtenthaler H.K., Buschmann C., Doll M., Fietz H.J., Bach T., Kozel U., Meier U., 

Rahmsdorf U. 1981. Photosynthetic activity, chloroplast ultrastructure and leaf 

characteristics of high light and low light plants and of sun and shade leaves. 

Photosynthesis Research, 2: 115-141 

Ludlow M.M., and Muchow R.C. 1990. A critical evolution of traits for improving 

crop yields in water-limited environments. Advances in Agronomy, 43: 107-153. 

Lugojan C. and Ciulca S. 2011. Analysis of excised leaves water loss in winter wheat. 

Journal of Horticulture, Forestry and Biotechnology. 15(2): 178-182. 



33 
 

Kamara A.Y., Menkir A., Badu-apraku B., Ibikunle O. 2003. The influence of 

drought stress on growth, yield and yield components of selected maize genotypes. 

Journal of Agricultural Science, 141: 43-50. 

Katerji N., Van H.J.W., Hamdy A., Mastrorilli M. 2004. Comparison of corn yield 

response to plant water stress caused by salinity and by drought. Agricultural Water 

Management, 65: 95-101. 

Legocka, J. and Kluk A. 2005. Effect of salt and osmotic stress on changes in 

polyamine content and arginine decarboxylase activity in Lupinus luteus seedlings. 

Plant Physiology, 162: 662-668. 

Malik, T.A. and D. Wright, 1998. Morphological traits and breeding for drought 

resistance in wheat. Journal of Animal and Plant Sciences, 8: 93–99. 

Manivannan P., Jaleel C.A., Kishorekumar A., Sankar B., Somasundaram R., 

Sridharan R. and Panneerselvam R. 2007a. Changes in antioxidant metabolism of 

Vigna unguiculata L. Walp. by propiconazole under water deficit stress. Colloids Surf 

B: Biointerfaces, 57: 69-74. 

Massacci A., Nabiev S.M., Pietrosanti L., Nematov S.K., Chernikova T.N., Thar K. 

and Leipher J. 2008. Response of the photosynthetic apparatus of cotton (Gossypium 

hirsutum) to the onset of drought stress under field conditions studied by gas-

exchange analysis and chlorophyll fluorescence imaging. Plant Physiology and 

Biochemistry, 46: 189-195. 

Matin M.A, Brown J.H., and Ferguson H. 1989. Leaf water potential, relative water 

content, and diffusive resistance as screening techniques for drought resistance in 

barley.  Agronomy Journal, 81: 100-105. 

Mayer A.M. and Poljakoff-Mayber A. 1989. The germination of seeds. 4.ed. Oxford : 

Pergamon Press. 

Mccue K. and Hanson A. 1990 Trends Biotechnology, 8: 358-362. 

McWilliam J.R. and Phillips P.J. 1971. Effect of osmotic and matric potentials on the 

availability of water for seed germination. Australian Journal of Biological Science, 

24: 423-431. 



34 
 

Mehmet Y., and Kaydan D. 2008. Alleviation of osmotic stress of water and salt in 

germination and seedling growth of triticale with seed priming treatments. African 

Journal of Biotechnology,  7(13): 2156-2162. 

Misra N. and Dwivedi U.N. 2004. Genotypic differences in salinity tolerance of green 

gram cultivars. Plant Science, 166: 1135-1142 

Munns R., 1988. Why measure osmotic adjustment? Australian Journal of Plant 

Physiology, 15: 717–726. 

MOAC 2010. A Year Book. Ministry of Agriculture and Cooperatives. 

Mwanamwenge J., Loss S.P., Siddique K.H.M., Cocks P.S. 1999. Effect of water 

stress during floral imitation, flowering and podding on the growth and yield of faba 

bean (Vicia faba L.). European Journal of Agronomy. 11: 1-11. 

Nahar K. and Gretzmacher R. 2002. Effect of water stress on nutrient uptake, yield 

and quality of tomato (Lycopersicon esculentum Mill.) under subtropical conditions. 

Die Bodenkultur 53(1): 45-51. 

Nakayama F.S., Boman B.J., Pitts D.J. 2007. Maintenance. In: Microirrigation for 

Crop Production (Lamm, F.R.; Ayars J.E. and Nakayama F.S., eds.)  Design, 

Operation, and Management. Elsevier, Amsterdam, pp. 389-430. 

Nayyar H., Gupta D. 2006. Differential senstitivity of C3 and C4 plants to water 

deficit stress: association with oxidative stress and antioxidants. Environmental and 

Experimental Botany, 58: 106-113. 

Nepal Biodiversity Strategy (NBS), 2002. His Majesty Government of Nepal, 

Ministry of Forests and Soil Conservation. 

Neto B.M.N., Saturnino S.M., Bomfin D.C. and Custodio C.C. 2004. Water stress 

induced by mannitol and sodium chloride in soybean cultivars. Brazilian archives of 

Brazilian technology 47(4): 521-529, 

Neto A.D.A., Prisco J. T., Filho J.E., Lacerda C.F., Silva J.V., Costa P.H.A. and Filho 

E.G. 2004. Effects of salt stress on plant growth, stomatal response and solute 

accumulation of different maize genotypes. Brazilian Journal of Plant Physiology., 

16(1): 31-38. 



35 
 

Okçu G, Kaya M.D., Atak M. 2005. Effects of salt and drought stresses on 

germination and seedling growth of pea (Pisum sativum L.) Turkish Journal of 

Agriculture and Forestry, 29: 237-242. 

Patane C., Cavallaro V. and S.L. Cosentino. 2009. Germination and radical growth in 

unprimed and primed seeds of sweet sorghum as affected by reduced water potential 

in NaCl at different temperatures. Industrial crops and products, 30: 1-8. 

Prado F.E., Botero C., Gallardo M. and Gonzalez J.A. 2000. Effect of NaCl on 

germination, growth and soluble sugar content in Chenopodium quinoa wild seeds. 

Botanical Bulletin of Academia Sinica, 41: 27-34. 

Radhouane L. 2007. Response of Tunisian autochthonous pearl millet (Pennisetum 

glaucum (L.) to drought stres induced by polyethylene glycol (PEG) 6000. African 

Journal of Biotechnology. 6(9): 1102-1105. 

Rajeshwari, V.R. 1995. Evaluation of cotton genotypes for drought tolerance under 

rain fed condition. Annales of Plant Physiology, 2: 109-112. 

Randhawa, A.S., Sharma S.K. and Dhaliwal H.S. 1988. Screening for drought 

tolerance in wheat. Crop Improvement, 15(1): 61-64. 

Rao A. and Agarwal S. 2000. Role of antioxidant lycopene in cancer and heart 

disease. Journal of American College of Nutrition, 19: 563–569. 

Razmjoo K., Heydarizadeh P. and Sabzalian M.R. 2008. Effect of salinity and drought 

stresses on growth parameters and essential oil content of Matricaria chamomile. 

International Journal of Agriculture and Biology, 10: 451-454. 

Salim M. 1991. Comparative growth responses and ionic relations of four cereals 

during salt stress. Journal of Agronomy and Crop Science, 166: 204-209. 

Sangtarash, M.H. 2010. Responses of different wheat genotypes to drought stress 

applied at different growth stages. Pakistan Journal of Biological Sciences, 13: 114-

119. 

Save R., Biel C., Domingo R., Ruiz-Sanchez M.C. and Torrecillas A. 1995. Some 

physiological and morphological characteristics of citrus plants for drought resistance. 

Plant Science,110: 167-172. 



36 
 

Schonfeld M.A., Johnson R.C., Carver B.F. and Mornhinweg D.W. 1988. Water 

relations in winter wheat as drought resistance indicators. Crop Science, 28: 526–531. 

Seong R.C.; Chung H.J. and Hong E.H. 1988, Varietal responses of soybean 

germination and seedling elongation to temperature and polyethylene glycol solution. 

Korean Journal of Crop Science, 33: 31-37. 

Serraj R., Sinclair T.R. 2002. Osmolyte accumulation: can it really help increase crop 

under drought conditions? Plant Cell and Environment, 25: 333-341. 

Shao H.B., Chu L.Y., Shao C., Jaleel A. and Hong-Mei M. 2008. Higher plant 

antioxidants and redox signaling under environmental stresses. Comptes Rendus 

Biologies, 331: 433-441. 

Smirnoff, N., 1993. The role of active oxygen in the response of plants to water 

deficit and desiccation. New Phytologist, 125: 27-58. 

Soltani A, Gholipoor M, Zeinali ME 2006. Seed reserve utilization and seedling 

growth of wheat as affected by drought and salinity, Environmental and Experimental 

Botanty, 55: 195-200. 

Specht J.E., Chase K., Macrander M., Graef G.L., Chang J., Markwell J.P., German 

M., Orf J.H. and Lark K.G. 2001. Soybean response to water. A QTL analysis of 

drought tolerance. Crop Science, 41: 493-509. 

Strain H.H., W.A. Svec, 1966. Extraction, separation, estimation and isolation of 

chlorophyll, In: The Chlorophylls, (L.P. Vernon and G.R. Seely, eds.). Academic 

Press, 21-66. 

Tahir M.H.N. and Mehid S.S. 2001. Evaluation of open pollinated sunflower 

(Helianthus annuus L.) populations under water stress and normal conditions. 

International Journal of Agricultural Biology, 3: 236–238. 

Therios, L.N. 1982. Effects of temperature, moisture stress and pH on the germination 

of seeds of amond (Prunus amygdalus “Truioto”). Seed Science and Technology, 10: 

5885-5894. 



37 
 

Wang Y., Ying J., Kuzma M., Chalifoux M., Sample A., McArthur C., Uchacz T., 

Sarvas C., Wan J., Dennis D.T. 2005. Molecular tailoring of farnesylation for plant 

drought tolerance and yield protection, Plant Journal 43: 413-424. 

Werner J.E. and Finkelstein R.R. 1995. Arabidopsis mutants with reduced response to 

NaCl andosmotic stress. Physiologia Planatarum, 93: 659-666. 

Winter S.R., Musick J.T. and Porter K.B. 1988. Evaluation of screening techniques 

for breeding drought-resistant winter wheat. Crop Science, 28: 512-516. 

Wu Q.S., Xia R.X. and Zou Y.N. 2008. Improved soil structure and citrus growth 

after inoculation with three arbuscular mycorrhizal fungi under drought stress. 

European Journal of Soil Biology, 44: 122-128. 

Yancey P.H., Clark M.E., Hand S.C., Bowlis R.D. and Somero G.N. 1982. Living 

with water stress; evolution of osmolyte system. Science, 217: 1214-1222. 

Yordanov I., Velikova V. and Tsonev T. 2003. Plant responses to drought and stress 

tolerance, Bulgarian Journal of Plant Physiology, special issue: 187-206 

Zhang M., Duan L., Zhai Z., Li J., Tian X., Wang B., He Z. and Li Z. 2004. Effects of 

plant growth regulators on water deficit induced yield loss in soyabean. Proceedings 

of the 4
th

 International Crop Science Congress, Brisbane, Australia. 

Zhao T.J., Sun S., Liu Y., Liu J.M., Liu Q., Yan Y.B. and Zhou H.M. 2006. 

Regulating the drought-responsive element (DRE)-mediated signaling pathway by 

synergic functions of trans-active and trans-inactive DRE binding factors in Brassica 

napus. Journal of Biological Chemistry, 281: 10752-10759. 

  



38 
 

APPENDIX A 

LIST OF TOMATO CULTIVARS USED IN THIS STUDY 

1. Srijana 

2. Dahlia 

3. NCL 

4. BL 

5. CL  
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APPENDIX B 

LISTS OF MATERIALS  

A.  Equipments  

1. Autoclave 

2. Centrifuge 

3. Electric balance  

4. Hot air oven    

5. Spectrophotometer 

6. Water distillation plant  

B. Chemicals 

1. Acetone 

2. Alcohol 

3. Ammonia solution (1%) 

4. Mannitol 

5. Sodium Chloride 

6. Sodium Hypochlorite 

7. Tween 20   

C. Glasswares  

1. Beakers  

2. Conical flasks  

3. Measuring cylinder 

4. Micropippetes  

5. Petriplates   

D. Miscellaneous  

1. Blotting paper   

2. Distilled water 

3. Eppendorf tube 

4. Falcon tube 

5. Forceps    

6. Measuring tape  

7. Plastic bags 

8. Plastic bucket 

9. Soil 

10. Sticker  

11. Vermi compost  
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PHOTO PLATE I 

   

 

 

   

 

 

   
  

Different cultivars grown under similar 

conditions 

Cultiivar Srijana 

Cultiivar Dahlia Cultiivar NCL 

Cultiivar BL Cultiivar CL 
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PHOTO PLATE II 

   

           

  

   

 

 

   

 

Cultivar Srijana germinated in different 

Stress conditions 

Cultivar NCL and BL grown for the 

measurement of effect of drought stress 

Cultivar BL after treatment with different 

concentrations of NaCl 

Cultivar BL placed for the measurement 

of shoot length 

Cultivar NCL placed for the measurement 

of shoot length 

Cultivar NCL and BL at 200 mM NaCl 

solution 


