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ABSTRACT 

Tomato (Solanum lycopersicum L.) belongs to the family Solanaceae. It is 

consumed in differing ways, including crude, a fixing in numerous dishes, sauces 

and beverages. It thrives well in temperature 10 °C to 30 °C. The mean 

temperatures below 16 °C and above 35 °C are not desirable. In summer season 

temperature rises in most regions of province Punjab (Pakistan) up to 45 °C that 

affects the germination, pollination, fruit setting and development that ultimately 

lowers the yield and quality.  

There are different techniques used to select stress tolerant lines of tomato 

Viz. mutagenesis is one of a major technique to create variants of tomato which can 

be more stress tolerant. The present study was conducted on tomato cultivar "Rio 

Grande". Research experiments conducted were: 1) Development of mutant 

population through physical and chemical mutagens. 2) Screening of mutated M1 

population for thermotolernace. 3) Raising of M2 population and its screening. 4) 

Assessment of genetic diversity/similarity among screened thermotolerant variants 

by using heat specific SSRs.  

EMS and Gamma irradiations were used to induce mutations. Germination 

percentage was observed in first experiment and concluded that only two doses of 

gamma irradiation 5 kr and 10 kr and EMS i.e. 4 mM, 8 mM, 16 mM, 24 mM and 

32 mM showed germination and all remaining doses/concentration proved lethality 

in tomato seed germination. This mutated population was transferred into the field 

for development of M1 population and screening for thermotolerence was done by 

using different traits (membrane stability Index%, Cell viability, RWC, proline 
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contents, morphological, reproductive and fruit related traits). On the basis of all 

studied traits populations developed through gamma irradiation 5 kr and EMS 4 

mM, 8 mM, 16 mM and 24 mM were selected to raise M2 population assessed for 

thermo tolerance by using same traits as in M1 population. On the basis of results 

obtained for thermo tolerance related traits, twenty four mutants were selected and 

raised as M3 population for assessing their genetic diversity/similarity with parent 

Rio Grande.  

On the basis of results obtained from all experiments, suitable doses and 

concentrations of physical and chemical mutagens were identified for mutation in 

tomato. Membrane stability index percentage and proline contents were found as 

suitable selection criteria for heat tolerance studies in tomato crop. Twenty four 

mutants were identified with enhanced thermotolerance which proved genetically 

distant from their parent “Rio Grande”.  
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Chapter 1 

INTRODUCTION 

Tomato (Solanum lycopersicum L.) belonging to family Solanaceae, is one 

of the significant economical crop. Tomato originated in the Andes mountain belt 

of South America (Cox, 2000). Its cultivation started about 700 A. D. in Europe 

and its additional domestication at remarkable rank arose in the 18
th

 and 19
th

 

century. Different cultivars and forms from the single species were created in the 

20
th

 century. Through domestication, breeding and research accomplishments 

scientist developed up-to-date tomato varieties (hybrids) with different shape, sizes 

and colors (Sims, 1980). 

Its use as a food started from Mexico and Spain and then spread throughout 

the world. Sequencing of the tomato genome was started in 2005 as a multinational 

exertion among 14 nations. The groupings were gathered into 91 platforms which 

covers 760 Mb of roughly 900 Mb of genome, adjusted to the 12 tomato 

chromosomes with 34, 727 protein coding qualities. Tomato has basic diploid 

hereditary qualities. Short generation time and comprehensively studied Solanaceae 

plant, makes tomato as a suitable model reference plant for Solanaceae (The 

Tomato Genome Consortium, 2010).  

Tomatoes contribute to healthy and well balanced diet. Tomato consumed 

in diverse ways as fresh salads or cooked in sauces, soup and meat dishes, also as a 

major ingredient of many frozen, preserved and dried foods (Olympios, 2001). 

They can be processed into purees, ketchup and juices. They are rich in minerals, 

essential amino acids, vitamins, dietary fibers and sugars. Almost half of the total 

 

3 
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dry matter consists of reducing sugars (fructose 25 % and glucose 22 %) and about 

10 to 13 % of organic acids with citric acid as the dominant one (Shi and Le- 

Maguer, 2000; Yin et al., 2010). Tomatoes are also important source of vitamins 

(A, C, K), potassium, carotenoids, β-carotene, and lycopene (Hobson and Grierson, 

1993; Shi and Le-Maguer, 2000). 

Tomato crop is a benchmark in horticulture worldwide as it is the second 

most important vegetable crop next to potato due to this reason area under 

cultivation is increasing every year. Formerly tomatoes were grown only during 

favorable season, but with the passage of time tomatoes are being grown round the 

year. The tomato plant being tropical, require an adequately high temperature to 

assure completion of its life cycle and full fruit development. Favorable optimum 

temperatures for most varieties lies between  25-30 °C during day and 14-20 °C 

during night (Olympios, 2001). The plant can tolerate a range of temperature but 

the plant tissues are injured below 10 °C and above 35 °C.  

During the growth cycle different stages (i.e. seed germination, seedling 

growth, flower and fruit set and fruit quality) tomato plants react to temperature 

variation differentially. Different stages require different minimum, optimum and 

maximum range of temperature such as seed germination requires minimum 11 °C, 

optimum 16-29 °C and 34 °C maximum temperature levels. Best suited 

temperature range for seedling growth is between 18-34 °C while temperature 

regimes for fruit set lies between 18-32 °C. On the other hand red color 

development of fruit is being possible at 10-30 °C (Shankara et al., 2005). Maria 

(2012) reported that different types of soils are favorable for tomato production but 

loamy, deep and well drained, slightly acidic, having soil pH 6.2 - 6.8 and supplied 
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with nutrients and organic matter is the most suitable. 

According to FAOSTAT, Database (2016) the estimated world production 

of tomato is about 164 thousand tons with average yield of 34.7 thousand tons/ha 

and 473 thousand hectare area under cultivation. The leading producers are China 

(with 25.3% of the total production), India, USA and Turkey. 

In Pakistan, it is being cultivated on 63.2 thousand hectare area yielding 9.5 

tons/ha (GOP, Agricultural statistics of Pakistan, 2016). Leading tomato producing 

province Baluchistan, produce annually 213.9 thousand tons, followed by Sindh, 

KPK and Punjab with production of 114.9, 113.2 and 87.9 thousand tons 

respectively. Main production clusters of tomato include Bahawalpur, Rahim Yar 

Khan, Muzaffargarh, Okara, Sakkur, Nawabshah, Swat, Kurram, Swabi, 

Charsadda, Loralai, Khuzdar and Killa Saifullah.  

During the recent years tomato production in Pakistan lowered enormously, 

9.8 tons/ha in 2013 as compared to 11 tons/ha in 1999 (FAO, 2016). Similarly, the 

normal yield of tomato is low as distinguished with other tomato producing nations 

of the world. Numerous biotic and abiotic variables are accountable, i.e., failure to 

ripen, tomato yellow shoulder disorder, uneven or blotchy ripening, but the most 

important problem in different regions of Pakistan is the poor fruit set due to day 

temperatures above 40 
○
C and night temperatures above 21 

○
C or below 10 

○
C 

combined with low humidity and drought, hot dry winds can add to the problem. 

Dry soil can make blooms become scarce and drop, cool soils at planting time can 

stunt development and kill blossoming. Absence of air movement can hinder the 

development of pollen to the blossom pistils (David et al., 1996).  
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Heat stress is distinguished as the increase in temperature over a threshold   

level for short period of time is adequate to incite permanent injury to harvest, 

growth and development. All in all, an interim increase in temperature (10–15 
○
C) 

above normal can prompt heat stress or shock (Wahid et al., 2007). Lack of 

tomatoes happens amid summer season because of high temperatures, accordingly 

bringing about poor vegetative development, regenerative improvement and yield 

(Hall, 1992; Hussain et al., 2006; Singh et al., 2007). At the point when 

temperature is up, injury of cell and death might happen within minutes that could 

be identified with an aggravation of cell organization (Schoffl et al., 1999) 

At the point when temperature is ideal, harm or death might occur after 

long term exposure. Direct damages can happen at extreme temperatures, such as 

denaturation and accumulation of protein, and improved membrane lipids fluidity. 

Roundabout or slower heat troubles can cause enzymes inactivation in chloroplast 

and mitochondria, inhibition in protein formation, degradation of protein and loss 

of membrane integrity (Howarth, 2005). As a rule, it is obvious that higher 

temperature influences particularly plants life structures at the tissue, cell, and sub-

cell levels. The extra effects of every one of these changes in high temperature 

stress can speed up lowered development and crop yield (Wahid et al., 2007). 

 Other major causes of yield reduction are variation in physiological and 

biological processes under high temperature. Photosynthetic enzyme activity, 

photo-phosphorylation, membrane stability; stomatal conductance, electron 

transport in chloroplast, diffusion and photoassimilate translocation are 

physiological and biochemical processes affected by high temperature. Seed 

germination, growth of vegetative parts, flowering, pollination, fruit set, quality of 
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produce, seed production, seed storage, seed dormancy are important growth and 

developmental stages of vegetables affected by temperature. Heat stress affects 

vegetative and reproductive growth of tomato, which ultimately lowers the quality 

of fruit and yield of tomato (Abdul-Baki, 1991). Low heritability values and 

complexity of traits hindered to developing heat tolerant cultivars (Scott et al., 

1986). Although temperature effects not only restricted to flowering and fruit set, 

but also succeeding maturity and development of fruit and ultimately lower yield in 

tomato (Charles and Harris, 1972). 

Due to all above factors, sustainable food production in diverse climatic 

conditions is a great challenge for plant breeders.  Both developed and under 

develop nations face economic crunch due to rising food prices (Daniele 

Giovannucci, 2012). So, the identification of appropriate cost effective 

technologies for sustainable crop production is required. For this purpose 

combination of conventional breeding and nonconventional techniques such as 

(genetic engineering, biotechnology, mutagenesis and molecular breeding) can be 

used to develop new cultivars that could withstand abrupt changes in climate. 

Mutation breeding is emerging tool to create mutations in plant breeding 

programs. It has a good potential to improve wild species of horticultural and 

agricultural crops. Siddiqui and Khan (1999) found that mutagenesis has been most 

desired technique to create variants throughout the century due to its easiness, 

applicability to all plant species, economically technical viability and its use at 

small and large scale. Mutagenesis can be created by using different techniques 

including gamma rays, X-rays and fast thermal neutrons having physical properties 

and mutagenic properties.  
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Chemical mutagens also gaining popularity in mutation breeding which 

create target mutations and point mutations in large number of populations. These 

include ethyl methane sulphonate (EMS), colchicine (COL), maleic hydrazide 

(MH), sodium azid (SA). Screenings of mutants through physical mutagens are 

easier as compare to chemical mutagens such as EMS- induced mutant (Sato et al., 

2006). Mutagenesis through gamma rays having high lethality is observed due to 

induction of larger deletion up to 6 MB, which ultimately slower the rate or 

frequency of mutations (Naito et al., 2005). 

Range of mutations can be achieved through alkylating agent EMS which is 

highly  effective. These alkylating agent are found to bind with nucleotide causing 

them to mispair with complimentary base during replication and eventually 

substitution occur. Selection of desirable traits such as flower shape, color, early 

flowering types and disease resistance can be made possible for plant breeders due 

to changes in cytoplasmic or genomic DNA (Crino et al., 1994; Donini and 

Sonnino, 1998; Jain and Malusznski, 2004).  

Parental lines and the hybrid progeny were assessed in genetic analyses 

(Villareal and Lai, 1979) and reported 5-19 % values of heritability for heat 

tolerance by using mutagenesis techniques. Whereas (Peter et al., 2002) found 

under high temperature stress conditions low heritability for fruit set percentage 

and mean fruit number per cluster. In tomato, evaluating genotypes for flowering 

and fruit set, which are most sensitive for heat stress and directly related to yield is 

a suitab1e criteria to develop stress tolerant lines (Abdul-Baki, 1991; Berry and 

Uddin, 1988; El-Ahmadi and Stevens, 1979; Hanna and Hernandes, 1982).  
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Electrolytes leakage (from leaves subjected to heat stress) could be used as 

a potential screening method for heat tolerance. Sullivan and Ross (1972) 

suggested cell membrane thermostability as a screening technique for heat 

tolerance which is measured as conductivity of electrolytes leakage from leaf discs 

at extreme temperature. Application of these techniques by plant breeders at  early 

vegetative stages of plant growth for plant selection, advancing generation and 

accelerating breeding programs for new hybrid production that are tolerant to heat 

stress conditions. Induced mutations are used from last 50 years for the 

development of the superior crop varieties. This has remarkable financial effect on 

agribusiness and generation of nutrition, which is at present esteemed in billions of 

dollars and a large number of cultivated hectares. So that, mutation induction is an 

elastic, non-hazardous, effective and low cost alternate of genetically modified 

organisms (GMOs). 

In present study generation of tomato mutants through physical (Gamma 

irradiation) and chemical (Ethyl Methane Sulphonate, EMS) mutagens as well as 

screening of mutants were done to contribute advances in genetics/applied 

molecular breeding and plant sciences.  

Study was aimed to achieve the following objectives:    

1. Induction of mutations through physical and chemical mutagens. 

2. Screening of mutated population against heat stress. 

3. To assess the genetic diversity/similarity among screened thermo tolerant 

variants using heat specific SSRs.  

4. Development of thermo tolerant breeding material 
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Chapter 2 

REVIEW OF LITERATURE  

Environmental factors effects plant growth and development throughout life 

cycle.  Those factors could be biotic and abiotic. Arid and semiarid regions of the 

world are facing a severe threat to crop production due to abiotic stress. Abiotic 

stress could be due to salinity, high and low temperature, alkalinity, ion 

deficiencies and water deficit. Stress reduces crop yield up to 50 % due to drought 

and extreme high temperatures (Wang et al., 2003).  The loss that is occurring due 

to any instant abiotic stress is more harmful to crop production than any specific 

abiotic and biotic factor.  

Global climatic changes are making more adverse situations. So, there is a 

need to develop stress tolerant crops with higher yield. 

2.1. HEAT STRESS  

Increase in temperature over the short period of time frame can cause 

permanent damage to crop production. The rise in temperature for a short spells of 

time, (i.e. up to the increase of 10-15 
○
C) or above average can cause heat stress / 

shock (Wahid et al., 2007b). Heat stress causes changes in physiological, 

biochemical and morphological factors. Cellular structures of plants are also 

disturbed due to sudden increase in temperature and leads to damage and even cell 

death in minutes (Schoffl et al., 1999).  

Heat stress causes damage to lipid membrane liquidity, denaturation and 

aggregation of the proteins, cell membrane integrity, enzymes inactivation in the  

 chloroplast and mitochondria (Howarth, 2005).  

 

10 



11 

 

 

2.2. HEAT STRESS EFFECTS ON VEGETATIVE PHASE  

Heat stress is one of the most significant limitations on tomato crop 

production due to its adverse effects on vegetative processes which results in 

reduction in yield and fruit quality (Abdul-Baki, 1992). Yarwood (1961) verified 

that leaves exposed to high temperature (50 
○
C) for short time periods (15- 30 

second) can bear in elevation temperature (55 
○
C) more as compared to non-treated 

leaves. Chen et al. (1982) indicated that plants of tomato grown temperature 

regimes below 30 
○
C their leaf tissues were destroyed in 15 minutes at 50 

○
C, on 

the other hand tomato plants significantly increased their tolerance when exposed 

to temperatures above 30 
○
C for 24 hours. Dinar and Rudich (1985) reported that in 

tomato plants, high temperatures influence a few physiological and biochemical 

procedures managing at last with yield reduction.  

Electrolyte leakage has been used as screening criteria for heat tolerance 

(Shen and Li, 1982). Seed germination, seedling and vegetative growth in tomato 

are adversely affected when temperature exceeds 35 
○
C (Miller et al., 2001). High 

temperature inhibits seed germination, reduction in plant growth, improper 

development, alteration in photosynthesis, water loss and hence overall yield 

reduction in plant growth (Fig. 1) (Mirza et al., 2013). 

Leaf appearance rates usually increases due to extreme temperature. Rate of 

leaf elongation increases at high temperature, whereas decreasing leaf elongation 

duration in maize (Bos et al., 2000). Heat stress impact on leaf area expansion and 

its dynamics are comparatively unstated and need consideration. Leaf number 

increases as a result of heat stress, especially when reproductive development is 

prevented without any lack of leaf photosynthetic rates (Prasad et al., 2006). 
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Figure 1:  Major effects of high temperature on plants 

Source: Mirza et al. (2013). Physiological, biochemical and molecular mechanisms 

of heat Stress tolerance in plants. 
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2.3. HEAT STRESS EFFECTS ON REPRODUCTIVE PHASE 

Even though entirely plant fleshy tissues are vulnerable to temperature 

stress at all stages of life cycle. The reproductive tissues are more susceptible as 

few degree rises in temperature at flowering time can consequence the damage of 

complete crop. Sato et al. (2006) reported that flower abortion and floral bud drop 

can significantly increase by short spells of increased temperature. At reproductive 

stage, even enormous variations in sensitivity exist among different species and 

varieties. Koning (1994) reported that some stages of fruit development are more 

sensitive towards temperature, as middle stages of fruits are less sensitive to 

temperature.  

Lurie et al. (1996) identified extreme temperatures can stop the ripening 

process of fruits. Temperature not only affects the time of ripening, but also the 

rate of fruit growth.  Short periods of temperature fluctuations can affect the cell 

elongation and cell division rates as reported by Pearce et al. (1993). Flowers of 

tomato are affected by high temperature (34 ˚C/28 ˚C) (Marine et al, 2014). Pollen 

viability is also affected by high temperature as anther deformation occurs (Fig. 2). 

In tomato high temperature leads to significant losses in its yield in the form of low 

percentage of fruit set, low quality and smaller size of fruits identified (Steven and 

Rudich, 1987). 

Effects in produce will be determined by the duration and exposure to high 

temperature, but the fruits of tomato do not turn into red if continuously exposed to 

32 °C and remains yellow even at full ripeness. Fruit growth rate increases in high 

temperature, but their maturities become more immediate which results in decrease 

in total mean weight of tomato fruit (Hurd and Grave, 1985; Sawhney and 

Polowick, 1985). 
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Figure 2: Flowers of tomato affected by high temperature stress (34°C/28°C). (a): 

Control condition; (b-c): high temperature, deformation of anthers showed dark 

color at the anther tip, elongated pitils ultimately (<10%) viability of pollen 

Source: Marine et al. (2014). The metabolic basis of pollen thermos-tolerance: 

Perspectives for breeding. 
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Moreover, a number of explanations have been offered for the poor 

reproductive performance of tomatoes at high temperatures. These include reduced 

or abnormal pollen production, abnormal development of the female reproductive 

tissues, hormonal imbalances, low levels of carbohydrates, and lack of pollination 

(Abdalla and Verkerk, 1968; Peet et al., 1998).  

Identification of heat tolerance in tomatoes has been accomplished by 

evaluating them for flowering and fruit set, because these two processes are 

sensitive to heat and relate directly to yield (Berry and Uddin, 1988; Hanna and 

Hernandez, 1982; Rudich et al. 1977).  

Ruan et al. (2010) and Zinn et al. (2010) detected higher susceptibility of 

reproductive parts of tomato plant to heat stress in contrast with vegetative parts. 

High temperature also affects the succeeding growth and ripeness of the fruit and 

hence promotes the reduction in the crop production (Charles and Harris, 1972; 

Hanna and Hernandez, 1982). Under field conditions, the high-temperature tolerant 

and the high-temperature sensitive cultivars produced 35 % and 27 % fewer 

flowers, respectively, than the high-temperature tolerant lines, as compared with 49 

% and 70 % reductions under high-temperature conditions. High-temperature 

tolerant lines and cultivars produced a higher rate of fruit set under high-

temperature conditions than in the field. 

Hazra et al., (2007) showed that, in tomato, the signs which cause fruit set 

failure at extreme temperatures include bud drop, strange bloom development, poor 

inflorescence, reduced pollen formation and viability, premature birth of ovule and 

reduced carbohydrate existence. 
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Figure 3. Proposed heat-stress tolerance mechanisms in plant 

 

 

 

            Source: Whaid et. al. (2007). Heat tolerance in plants. 
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 The natural fruit set decay under ideal high temperature stress is primarily 

on account of a decline in release and viability of pollen. (Sato et al., 2006).                                                                           

2.4.  POLLEN VIABILITY IS A MEASURE OF HEAT STRESS 

Defect in formation of floral bud caused abortion of flower which is a result 

of high temperature. Pollen grains produced by susceptible lines abort frequently as 

compared to heat resistant lines identified by Abdelmageed et al. (2003). Higher 

temperatures are more injurious to pollen viability and production than medium 

temperatures (Thomas and Prasad, 2003). Pressman et al. (2002) reported that 

when temperature increases gradually from optimum levels, pollen grains 

germination reduced 13 times more. Fruit set potential of a plant can be recognized 

by the ability of pollen germination and release at higher temperature. Sato et al. 

(2009) observed that delay in fruit set is mainly due to delay in pollen germination 

and release, even if pollen is viable. Moreover heat stress impact on pollen viability 

is associated with metabolism of carbohydrate during the entire growth period of 

anther (Pressman et al., 2002). In pollen, concentration of soluble sugars is 

improved to some extent under medium temperature. Changes in pollen 

metabolites under high temperature conditions are summarized in Table 1 (Marine 

et al, 2014). 

Steady high temperatures increased starch concentration which causes 

reduction in soluble sugars in mature pollen and amounts of carbohydrate relates to 

poor fruit set (Kinet and Peet, 1997). So, to identify crop response to extreme 

temperature the releasing and germination ability of pollen are suitable criteria and 

can be set as standards for selection of heat resistant lines in any breeding program 

(Comlekcioglu and Soylu, 2010). 
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Table 1.  Impact of different high temperatures on the metabolites of pollen metabolome in tomato under heat 

stress. 

Metabolites Temperatures 
Heat-stress 

length 
Plant material used Impacts 

Carbohydrates 32°C/26°C 4 months Flowers totally 

developed under HS 

Decrease in pollen mature 

32°C/26°C 3 months Flowers totally 

developed under HS 

Sugar abundance decreased in 

thermo-sensitive genotype 

compare to thermo-tolerant ones 

36°C/28°C 24 h Plants at four days after 

anthesis 

Decrease of acid invertase 

activity in flowers of sensitive 

genotype compare to tolerant 

genotype 

Proline 32°C/26°C Long Flowers totally 

developed under HS 

Proline transporter expression 

decreased in anthers 

Polyamines 33°C, 35°C, 

38°C 

20 h Pollen germination 

medium 

Adding polyamines improved in-

vitro pollen germination 

38°C 4 h Pollen germination 

medium 

Decrease in pollen mature 

     Source: Marine et al. (2014). The metabolic basis of pollen thermos-tolerance: Perspectives for breeding. 
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In another study Mutters et al. (1989) reported that high night temperatures 

inhibit proline accumulation in pollen grains and more in anther walls in cowpea. 

There is an agreement about the more susceptibility to extreme temperature 

between pollen grain and ovule. Levy et al. (1978) conducted experiments on 

productive plants by using cross pollination to check the effects of male and female 

gametes and concluded that at high day temperature, effects on male gametes are 

found more significant as compare to female gametes. Moreover, Charles and 

Harris, (1972) found that rise in pollen germination temperature from 20- 27 
○
C 

markedly decline pollen tube germination. 

2.5. PROLINE ACT AS STRESS INDICATOR 

 Plants adopt different defensive mechanisms to overcome climatic changes 

at morphological, molecular and biochemical level (Ashraf and Foolad, 2007). 

Proline is declared as osmo-protectant (Delauney and Verna, 1993; Hare et al., 

1999; Mansour, 2000) which accumulates in plants under a wide range of stresses 

such as high light intensity, shortage of water, extreme temperature and salinity. 

Bio functional enzyme1-pyrroline-5-carboxylate synthaetase (P5CS) catalyzes first 

two steps of proline biosynthesis (Parida et al., 2008).  

Plant tissues forms protection mecahanisms in response of determinatal 

effects of ROS by increasing activities of antioxidant enzymes under high 

temperature conditions (Yuan  et al., 2011). Proline act as compatible solute which 

protects denaturation of folded protein structures and stabilize cell membranes by 

phospholipids interactions, serving as nitrogen and energy source and hydroxyl 

radical scavenger (Aspinall and Paleg, 1981; Samaras et al., 1995). In tomato 
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proline has a major role in osmotic adjustments. Role of osmolyte accumulation in 

metabolic effects is of more importance than in just osmotic adjustment, so that 

expression of other genes is affected by stress regulated alterations in synthesis and 

degradation of proline which ensure suitable genetic response to the existing stress 

conditions of environment (Hare et al., 1999). 

Becker and Fock (1986) reported that protein breakdown in stressed plants 

is a major source of proline accumulation. Therefore, in stress conditions proline 

accumulation may be triggered by increase proline production, prompted by 

improving activity of P5CS and Ornithine aminotransferase (OAT) (Sanchez et al., 

2001; Ruiz et al., 2002; Rivero et al., 2004) degradation of proteins which are rich 

in proline (Chaitanya et al., 2001). In various plant species accumulation of proline 

has been reported by Ashraf et al. (1994) under high temperature stress conditions. 

Similarly, barley plants subjected to high temperature (42 ºC) showed a sharp rise in 

proline accumulation (Georgieva et al., 2003). 

Proline content significantly increased in tomato leaves under heat stress 

conditions (35 
○
C) as compared to normal growth temperature (25 

○
C) (Rivero et 

al., 2004). It is mainly caused by induction of main enzyme concerned in proline 

synthesis (P5CS and OAT), at the same time inhibition of proline dehydrogenase 

(PDH) which is responsible for proline degradation, thus causing an overall 

stimulation of the stress-resistance machinery of the plant.  

2.6. CELL MEMBRANE STABILITY AND HEAT STRESS 

Blum (1988) identified that photosynthesis and respiration processes are 

dependent on constant functioning of cellular membranes under stress conditions. 



21 

 

 

Kinetic energy and movement of molecules across membranes is accelerated in 

heat stress conditions which ultimately cause breakage of chemical bonds within 

molecules of biological membranes. So, the denaturation of proteins and increase 

in unsaturated fatty acid makes lipid bilayers of biological membranes more fluid 

(Savchenko et al., 2002). 

 Functioning and integrity of biological membranes are vulnerable to high 

temperature as tertiary and quarterly structures of membranes can be altering by 

heat stress. These alterations increase the membrane permeability as manifest by 

increase loss of electrolytes. Decreasing cell membrane thermostability due to 

increased solute leakage can be used as measure of heat stress tolerance in several 

plant species including tomato and potato Chen et al. (1982). Relationship between 

crop yield and cell membrane thermostability in high temperature condition differs 

plant to plant and invoke study of single crop before using it is an important 

criterion at physiological stage of development. 

2.7. EFFECTS OF METABOLIC CHANGES INDUCED BY STRESS IN 

TOMATO 

Heat shock proteins is a group of proteins synthesized by plants under heat 

stress conditions (Vierling, 1991). Heat stress stimulates metabolic changes linked 

to the production of heat shock proteins (Wang et al.,2004).  

In arid and semiarid regions crops can produce and accumulate remarkable 

levels of HSPs in various cells in reaction to temperature stress (Hopf et al., 1992). 

Small HSPs might be indispensable for their roles in thermo protection of crop 

cells from harmful impacts of heat stress (Schoffl et. al., 1999; Iba,2002). Lin et al. 
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(1984) reported that seedlings of soya been when undergoes the treatments of 

temperature at (40 
○
C) for 2 hours  produced HSPs and stand well in temperature of 

45
○
C but plants shifted directly from 28 

○
C to 45 

○
C did not produced HSPs. 

2.8.   HEAT STRESS TOLERANCE 

Heat stress tolerance or thermotolerance is referring the capacity of a plant 

to produce profitable yield under heat stress or extremely high temperatures. 

Vierling (1991) identified that plants have the ability to attain thermotolerance 

within hours to persist under harmful temperatures.  

Rodriguez et al. (2005) and Din et al. (2004) reported that when sudden 

heat stress situations occur short term responses like leaf orientation, changes in 

membrane lipid composition by changes in transpiration cooling are significant for 

survival. Adams et al. (2001) reported that escape mechanism of heat stress 

tolerance in tomato clearly showed in yield loss in summer by early maturation. 

Variation in expression by different tissues can be observed in developmental 

complexity, exposure and responses towards existing stress type (Queitsch et al., 

2000). 

At initial stress signal stress response mechanism is established in the form 

of osmotic or ionic changes in fluidity of membranes and ultimately helpful to 

restore homeostasis and repair damaged proteins and membranes Vinocur and 

Altman (2005) (Fig.4). 

In tomato varieties that had different capabilities to thermoresistance in 

improved chlorophyll a:b proportions and diminished chlorophyll at high 
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temperature showed these alterations linked with thermo resistance (Wahid and 

Ghazanfar, 2006). 

A few important techniques often employed in assessing thermotolerance 

are extent of membrane  leakage,  (Tripathy et al., 2000; Blum et al., 2001; Thiaw 

et al., 2004) cell viability, (Babele and Kandya, 1986) chlorophyll stability, 

(Haldimann et al.,  1996) quantification of membrane degradative products like 

melondialdehyde, ( Jiang and Huang, 2001) extent of accumulation of free radicals, 

(Liszkay et al., 2004) activities of scavenging enzymes, (Liszkay et al., 2004) 

measurement of photochemistry by Fv/Fm ratio (Bilger et al., 1984) and measuring 

canopy temperature using an infrared thermometer (Lu et al., 1994). 

Since stress responses include several mechanisms and being multigene 

regulated, it is desirable to adopt and validate a technique that reflects overall cell 

metabolism. A technique, which reflects survival and recovery growth of plants 

exposed to stress, can be a potential tool to screen for stress tolerance (Senthil et 

al., 2003a; 2003b). 2, 3, 5-Triphenyl tetrazolium chloride (TTC) assay is also an 

important technique to check stress effects. TTC reduction reflects overall cell 

metabolic activity and can be assessed in diverse tissues (Agrawal and Surinder 

Kaur, 1975). These techniques can be effectively used to assess the stress tolerance 

only when adequate genetic variability exists. 
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Figure 4: Graphic representation of heat stimulated signals transduction mechanism and development of heat tolerance in plants. 

 

 

 

 

 

 

 

 

 

 

 

 

                Source: Mirza et al. (2013). Physiological, biochemical and molecular mechanisms of heat Stress tolerance in plants 

 

 

 



25 

 

 

Sets of genes are produced in response of heat stress which are commonly 

known as “heat shock genes” (HSGs) that encodes “heat shock proteins” HSPs, 

these products are active and under critical situations of heat stress and necessary 

for plant survival (Chang et al., 2007). Constitutive expression of most of these 

proteins produced under high temperature situations and protects denaturation of 

intracellular proteins by preserving their function and stability by protein folding; 

therefore act as chaperones (Baniwal et al., 2004). Well characterized heat shock 

proteins are grouped into five distinct families in plants: HSP 20, HSP 60, HSP 70, 

HSP 90, HSP 100 and sHSP (Swindell et al., 2007). HSP 70 and HSP 60 proteins 

are highly conserved in nature and have essential role in heat stress response (Kulz, 

2003). 

Several mutants which are defective in thermotolerance show normal HSPs 

induction (Hong et al., 2003). HSP 68 present in mitochondria normally expressed 

under heat stress in tomato, soya bean and potato cells (Neumann et al., 1993). 

HSPs accumulate into a granular structure in the cytoplasm possibly preserve the 

bio production machinery of proteins in tomato crop in heat stress conditions 

(Miroshnichenko et al., 2005).  

Barua et al. (2003) studied low molecular weight heat shock proteins in 

Chenopodium which are localized in chloroplast membranes and proposed that 

PSII is preserved by these proteins from inappropriate influences of heat stress and 

played functions in conveying photosynthetic electrons.  

2.9. HEAT–SHOCK PROTEINS (HSPs): MASTER INITIATORS FOR 

HEAT STRESS TOLERANCE 
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Dual function of low molecular weight protein HSP21 in tomato has been 

explored to conserve Photosystem II (PSII) from oxidative damage and at same 

time taking part in color changes of fruit at low temperature during storage 

conditions (Neta-Sharir et al., 2005). 

2.10. MOLECULAR AND BIOTECHNOLOGICAL STRATEGIES FOR  

LEVEL TO DEVELOP STRESS TOLERANT PLANTS  

Theory of heat stress tolerance is clearly identified by different molecular 

approaches, biochemical and physiological mechanisms. Different stresses can be 

tolerated by modulating multiple genes and controlling their expressions in various 

pathways in plants (Vinocur and Altman, 2005). Advances in genetic research and 

development identified that plant heat stress tolerance is a multigene attribute that 

can be determined by different traditional protocols and transgenic approaches. 

Howarth (2005) and Bohnert et al. (2006) reported that there are different 

components of tolerance which can be regulated by various gene sets which are 

vital for study heat tolerance at different developmental stages of plant growth. 

Since QTLs identified for heat tolerance provide genetic basis, and hence can be 

used in molecular markers to proceed for marker assisted selection (Maestri et al., 

2002).  

Moreover, latest advances in biotechnology provides the better 

understanding about heat tolerances, such as numerous genes are responsible to 

synthesize HSPs and isolated in different plant species including tomato (Liu et al., 

2011; Sun et al., 2006; Momcilovic and Ristic, 2007). 

2.11. MUTATION BREEDING 

Mutation breeding can generate variants. Mutated alleles are distinctive and  
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essential features of mutation breeding. Key functions include finding out the 

differences among different genotypes to different levels of sensitivity towards 

different mutagens and frequently measured by using lethal doses (LD), chimeras‟ 

generation after mutagenic treatment and check their effect in mutated alleles and 

segregation in next generation.  

Mutation breeding can improve adapted varieties of different crops by 

improving desired traits of quality and yield (Wilde et al., 2012). Physical and 

chemical mutagens are appropriate sources to produce variation in mutation 

breeding practices (Roychowdhury and Tah, 2013). It can be helpful to produce 

improved mutants of highly desired varieties of economic value (Din et al., 2004).  

2.12.   MUTAGENS USE TO CREATE VARIANTS IN GENETIC 

BREEDING  

Mutagen is a chemical or physical agent that alter the genetic information 

usually DNA of an organism. Radiation was introduced to create mutations by De-

Vries (1905) and use of radiation for mutation induction in plants by plant breeders 

and genetics was led by Stadler (1928). There are  number of mutagens discovered 

which increases frequency of artificial mutation induction which include cosmic 

rays, fast moving particals like α, β particals and neutrons, UV radiations, 

electromagnetic waves such as X-rays, γ- rays chemical agents such as hydroxyl 

amides, azides, alkylatingagents and acridine (Auerbach and Robson, 1946) 

Ionizing radiations are preferred as compared to chemical mutagens due to 

ease of application, high quality diffusion and reproducibility, less toxic waste 

issues and greater frequency of mutation. X-ray machines emit x-rays by 
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bombarding molybdenum or tungsten with electrons in vacuum and gamma rays 

obtained from radio isotopes like 
60

Co and 137 cesium in gamma chamber. UV-

radiations have limited penetrating capacity and comparatively less harmful but 

pollen grains can only be treated as by prolonged exposure of UV radiation 

(Kovacs and Keresztes, 2002). Selection of efficient and effective mutagen is of 

prime importance to produce higher frequency of desired mutation in any mutation 

breeding program. Potential genomic traits can be improved by using chemical 

mutagenesis. 

Various chemical mutagens are used to produce useful mutations in many 

crop plants (Roychowdhury and Tah 2013).The artificial mutation induction by 

chemical mutagens like Sodium azide (SA), colchicines (COL), maleichydrazide 

(MH), ethyl methane sulphonate (EMS) provide means to overcome limitations of 

variations in carnation plants without disrupting their healthier traits (Islam, 2010; 

Roychowdhury 2011a; Roychowdhury and Tah 2013; Roychowdhury et al., 2011b; 

Gnanamurthy et al., 2012). Inhibition of mitosis and cell death cause growth 

abnormalities at different exposures by chemical mutagens. Various factors like 

treatment duration, pH, pre and postharvest treatment, properties of mutagen, 

oxygen and temperature concentrations influence mutagenic efficiency (Khan et 

al., 2009). Dose rate of mutagen is considered important in breeding program as 

higher doses cause greater damage at biological level. A significant impact of 

mutations has been explored in tomato plants e.g. male sterile lines have been are 

developed in tomato through EMS (Jander et al., 2003; Veen and Wirtz, 1968)  

Watanabe et al. (2007) create different morphological and functional 

mutations by using EMS in tomato. Several studies conducted in the laboratory 
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also clearly indicated that genetic variability is seen only upon induction of stress 

(Uma et al., 1995; Jorgensen et al.,1992). Kamel et al. (2010) reported progressive 

methods of molecular breeding and genetic engineering to encourage tomato with 

established tolerance to heat. Being self-pollinated crop, tomato does not have 

enough variability. So, creating variability by inducing mutations through chemical 

(EMS) or a physical (gamma irradiation “Cobalt
60

”) mutagen could be an option.  

Chemical and physical mutagens induce genetic variation by point mutation 

at DNA level and by chromosomal aberration (Redei, 1974) respectively. EMS an 

alkylating agent causes mutation by altering certain bases of DNA and gamma 

irradiation causes alterations in DNA by excited oxygen-free radicals that arise 

during irradiation ion and by direct energy transfer (Friedberg et al., 1995). 

Targeting Induced Local lesions In Genomes (TILLING) is an emerging more 

recent technology that does not rely on genetic transformation techniques and 

allows systematic functional genomics studies. Tomato lines having mutations in 

desirable genes of interest are developed by using the TILLING strategy (Colbert 

et al., 2001; Mccallum et al., 2000a). 

 Ethyl methane sulphonate (EMS) and fast neutron mutagenesis were used 

to create 13,000 M2 families  of tomato that were visualized phenotypically in field 

and 3,417 independent mutants that were classified on the basis of morphologically 

catalog on website, „Genes that make tomatoes‟ (http://zamir.sgn. 

cornell.edu/mutants/).  New mutant generation recently developed having 

background of the cv. Red setter and Tpaadasu by using EMS mutagenesis 

approach by (Gady et al.,2009, Minoia et al., 2010). 
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2.13. CONCLUSION AND FUTURE PROSPECTS 

Extreme temperature has become a critical threat for crop growth and 

development worldwide as it highly affects the production quality and yield of 

plants. Gradual increase in temperature due to the increasing emission of 

greenhouse gases from various sources is thought to be accountable for global 

warming. That is why to improve important agricultural/ horticultural crops it is 

beneficial to understand the plants reaction towards elevated temperatures, 

adaptations and mechanism that develop heat tolerance. 

 Changes  in  temperature  occur  season  by  season  and  daily  fluctuations 

complicate a clear cut description of stress, inducing the role of temperature, since 

plants respond differentially to different temperature regimes. Different plant 

species respond differentially to high temperatures at their different developmental 

stages. Molecular approaches and different breeding programs need to be 

implemented to expose the response and tolerance pathways, to make plant, 

capable of tolerating heat stress and it could be the foundation of improvement of 

new crop varieties that produce improved, sustainable economic yield. To explore 

different molecular and biochemical approaches and agronomic management 

practices field experiments are desirable to study the heat stress response and its 

effect on crop final yield.  
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Chapter 3 

MATERIALS AND METHODS 

A series of experiments were conducted on Tomato (Solanum lycopersicum 

L.) variety "Rio Grande". All the experiments were conducted in the field area and 

laboratories of the Department of Horticulture, PMAS-Arid Agriculture University, 

Rawalpindi.  

Four different experiments were conducted during the course of the study; 

3.1) Development of a mutant population by physical and chemical 

mutagens. 

3.2) Screening of mutated (M1) population for thermotolerance. 

3.3) Development and screening of an M2 population from M1 seeds. 

3.4) Development of an M3 population and identification of genetic 

diversity/similarity among screened thermotolerant variants by 

using heat specific SSRs. 

The detail of the plant materials and experimental techniques for each experiment 

is given below. 

3.1.1.    Plant Material 

Seeds of tomato variety "Rio Grande" were obtained from the National 

Agricultural Research Centre (NARC), Islamabad, Pakistan. 

3.1.2. Seed Treatment with Ethyl Methane Sulphonate (EMS)  

Tomato seeds were subjected to EMS (Ethyl Methane Sulphonate) 

mutagenesis. A set of thirty six hundred seeds were imbibed in 200 ml distilled 
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water for 24 hours at room temperature. Nine treatments with different 

concentrations having four hundred seeds in each were then incubated in 100ml 

solution of EMS (Sigma-Aldrich, St. Louis) with gentle shaking for 12 hours 

(Table 3). After the EMS treatment, the seeds were washed twice in 200ml of 3 % 

(w/v) sodium thiosulfate for 20 minutes at room temperature, with gentle shaking, 

followed by three washes in 200 ml distilled water. EMS solutions were 

deactivated by mixing them with an equal volume of "inactivating solution" [0.1M 

NaOH, 20 % w/v Na2S2O3 (Sodium Thiosulfate)] for 24 hours. All Pipettes/tubes 

contaminated with EMS were soaked in inactivating solution for 24 hours prior to 

disposal (Lima et al., 2004). 

3.1.3. Seed Treatment with Gamma Irradiation 

Seeds were irradiated with gamma irradiation (Table 3). A set of thirty six 

hundred seeds were imbibed in 200 ml distilled water for 24 hours at room 

temperature. A set of four hundred healthy seeds per treatment were packed in 

moist germination paper in the gamma chamber with nine different doses of 

gamma rays CO
60

 gamma source. The gamma irradiation was carried out at NIFA 

(Nuclear Institute of Food and Agriculture) Peshawar, Pakistan. 

3.1.4. Sowing of Treated Seed and Transplantation of Seedlings 

 The seeds treated with EMS and gamma rays along with control were sown 

in germination trays. The sowing medium comprised of Soil: FYM: Sand in the 

ratio of 2:1:1. The seeds were covered with coconut husk. After three weeks of 

sowing, all treatments were assessed for germination percentage to find out the 

optimized lethal dose of physical and chemical mutagen. 
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Table 2: Treatment description for chemical mutagen (Ethyl Methane Sulphonate)  

S. No Treatment Concentration of EMS 

1 T1 Control (0) 

2 T2 4Mm 

3 T3 8mM 

4 T4 16mM 

5 T5 24Mm 

6 T6 32mM 

7 T7 40mM 

8 T8 48mM 

9 T9 56mM 

10 T10 64mM 

 

Table 3: Treatment description for physical mutagen (Gamma irradiations) 

S. No. Treatment Gamma irradiation Concentration 

1 T1 Control (0) 

2 T2 5Kr 

3 T3 10Kr 

4 T4 15Kr 

5 T5 20Kr 

6 T6 25Kr 

7 T7 30Kr 

8 T8 35Kr 

9 T9 40Kr 

10 T10 45Kr 
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Percent germination and lethal dose were calculated by using the following 

formulas (Laskar et al., 2016): 

 

 

 
 

3.2.   SCREENING OF MUTATED POPULATION FOR 

THERMOTOLERANCE 

One month after sowing, seedlings of survived treatments were transplanted 

into open field conditions to raise the M1 generation. All irrigation and 

management practices necessary for normal crop growth were carried out so that 

plants could be evaluated for thermo-tolerance, vegetative, reproductive and fruit 

related traits at different growth stages of the tomato crop. 

Plants within each plot were spaced 60cm × 40cm apart and were staked. 

Randomized Complete Block Design (RCBD) with four replications per treatment 

and twenty plants per replication was followed. Soil was fertilized with Farm Yard 

Manure (FYM) at the time of bed preparation and three irrigations per week were 

applied during the growing period. Data regarding climatic conditions (temperature 

minimum, maximum, rainfall and sunshine hours) during the experimental period 

were obtained from meterological department, Rawalpindi, and presented in (Table 

4).  

The data for following parameters were recorded. 
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3.2.1. Thermotolerance Related Traits 

3.2.1.1. Membrane stability index (MSI %) 

Ten leaf segments (1cm dia) one per leaf from each treatment at the fully 

expanded leaf stage were collected from the fourth leaf from the top of plants at 

flowering stage and subjected to an induction temperature of 33 
○
C for 2 hours 

followed by a challenging temperature 40 
○
C for 2 hours. The membrane stability 

of the leaves was recorded 8 hours after temperature treatment following 

procedures outlined by Tripathy et al. (2000). To remove electrolytes adhered on 

the surface; collected samples were washed three times in deionized water. The 

collected samples were then placed in capped vial (20 ml) containing 10 ml of 

deionized water. These vials were then incubated for 24 hours in the dark at room 

temperature. 

A conductivity meter was used to measure conductance. The vials were 

autoclaved for 15 minutes at 121 
○
C after the first measurement, to kill the leaf 

tissue and release the electrolytes. The second electrical conductivity reading was 

taken after cooling. For all the samples, these two measurements were carried out 

individually. The conductance of stressed samples was a measure of electrolyte 

leakage due to heat stress and assumed to be proportional to the degree of injury to 

membranes. Membrane stability index was calculated following Blum and Ebercon 

(1981). 

MSI (%) = [1- (EC1/EC2)] × 100 

Where,  

 MSI: Membrane stability index 

EC1: electrical leakage after 24 hrs. of incubation 
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Table 4: Meterological data during the crop period (March-July 2013) and March – July 2014 

 Year2013 Year 2014 

 Temperatures (Mean) Rain fall R.H  Temperatures (Mean) Rain fall R. H 

Max.(⁰C) Min. (⁰C) (mm) (%)  Max. (⁰C) Min. (⁰C) (mm) (%) 

March 25.7 11.7 2.18 57.5  22.4 8.88 7.24 65.58 

April 30.5 16.1 1.63 48  28.63 13.96 0.45 52 

May 37.4 20.8 0.4 34.9  32.37 19.16 3.78 46.45 

June 39 24.8 3.45 44.5  42.83 24.11 0.72 36.92 

July 35.3 24 8.4 65.1  34.89 26 6.27 61 
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3.2.1.2. Cell viability % (Triphenyl Tetrazolium Chloride (TTC) assay 

Ten randomly selected plants from each replication per treatment were 

labeled and leaf punches were made from the top third fully expanded leaf at 

flowering stage. After exposing the leaf punches to an induction temperature of 33 

○
C for 2 hours followed by high temperature of 40 

○
C for 2 hours, they were 

incubated in 0.2% TTC solution for 4 hours and cell viability was measured by 

taking the absorbance at 485 nm (Senthil et al., 2002a). 

3.2.1.3. Relative water content of leaves (%) 

The RWC of leaves was determined in the fully expanded uppermost leaf of 

the main shoot (Pirzad et al., 2011). The weight of fresh leaf samples was recorded. 

The leaves were then immersed in distilled water in a Petri dish. After two hours, 

the leaves were removed, the surface water was blotted-off and the turgid weight 

recorded. Samples were then dried out at 70 °C in an oven to stable weight. Leaf 

RWC was calculated using the following formula (Turner, 1981): 

 

3.2.1.4. Proline contents of leaves (µmole/g fresh weight) 

Proline contents of leaves were estimated at 50 % flowering stage by means 

of the method of Bates et al. (1973). Fresh plant leaves (1g) were homogenized 

with 5 ml 3.0 % Sulfosalicyclic acid in a mortar and pestle. Then centrifugation of 

samples was done at room temperature for 5 minutes at 3000 rpm.The supernatant 

was adjusted to 5 ml with distilled water to which 5 ml glacial acetic acid and 5ml 

ninhydrin (1.25 g of ninhydrin dissolved in a solvent prepared by mixing 30 ml of 

glacial acetic acid, 8 ml ortho-phosphoric acid and 12 ml distilled water) was 
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added. The reaction mixture was shaken and the contents in the tubes were heated 

in a boiling water bath for one hour. Thereafter, tubes were cooled and the mixture 

was extracted with 10 ml of toluene in a separating funnel. The absorbance of the 

toluene layer was recorded at 520 nm. 

A calibration curve consisting of a dilution series of 10, 20, 30, 40, 50, 60, 

70, 80, 90, and 100 µmole/g of proline was prepared to draw a standard curve. The 

standard curve was used as a reference to calculate the concentrations (µmole/g) of 

unknown samples. 

3.2.2. Morphological Traits 

3.2.2.1. Plant height (cm) 

Plant height randomaly selected twenty plants from each treatment was 

measured from base of crown to tip in cm with help of meter rod at maturity stage. 

3.2.2.2. Leaf area (cm
2
) 

Leaf area was measured by taking five leaves per plant at full maturity stage 

with the help of a digital leaf area meter ADC model AM 100 meter (Analytical 

Development Company Ltd., Herts, U.K.)   

3.2.2.3. Number of branches  

Numbers of branches were counted manually from ten randomly selected 

plants from each treatment at full maturity stage. 

3.2.2.4. Chlorophyll contents of leaves (%) 

Leaf chlorophyll contents were recorded using a SPAD–502 chlorophyll 

meter (Minolta Camera Co. Ltd., Osaka, Japan (Wood et al., 1992). It gives 

readings in arbitrary units that are proportional to the amount of chlorophyll 



39 

 

 

present. The leaf was inserted at about half way from the leaf tip and collar, and 

about middle point between the leaf midrib and leaf margin. The area of 

measurement had a range of 2x3 mm. At flowering stage the young fully expanded 

leaf which had an exposed collar was chosen for the measurement (Noguchi and 

Hansen, 1999).  

3.2.2.5. Inter-nodal distance (cm) 

Inter-nodal distance was measured between the two consecutive nodes 

using a standardized meter rule, as mean of five plants. 

3.2.3. Reproductive Traits 

3.2.3.1. Number of flowers per cluster 

Five randomly selected clusters were tagged form twenty plants in each 

replication and the total number of flowers per clusters were counted manually 

during reproductive stage. 

3.2.3.2 Number of fruits per cluster 

Number of fruits per cluster was counted from selected flower clusters after 

fruit setting.  

3.2.3.3. Number of clusters per plant 

Number of clusters per plant was recorded in randomly selected twenty 

plants from each replication during reproductive stage. 

3.2.3.4. Fruit set (%) 

 Fruit set percentage in each treatment was calculated as 

Fruit set (%) = Number of fruits per cluster/ Number of flowers per cluster x 100 
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3.2.4. Fruit Related Traits 

3.2.4.1. Fruit length (cm) 

 The fruit length was recorded from ten fully grown fruits (commercial 

stage) from each replication from the stem end to blossom end of the fruit.  

3.2.4.2. Fruit width (cm) 

The fruit width/diameter was recorded from ten fully grown fruits 

(commercial stage) from each replication, at the broadest part.  

3.2.4.3. Total soluble solids (Brix
0
) 

The homogenized juice, obtained from pericarps of ten randomly taken 

fruits from each replication, was scored for soluble solids, using a manual refracto-

meter. A drop of juice was placed on the lens of refracto-meter. TSS contents were 

expressed in Brix
0
 (Dong et al., 2002). 

3.2.4.4. Fruit size 

Fruit size of randomly selected ten fruits per replication at full maturity 

stage was observed for small (3-5 cm), medium (5.1-8 cm) and large (8.1-10 cm) 

by assigning scales of 3 for small, 5 for medium and 7 for large. 

3.2.4.5. Fruit weight (g) 

Fruit weight in grams was recorded at harvesting time from randomly 

selected ten fruits in each treatment by using digital weighing balance. 

3.2.4.6. Fruit firmness (N) 

 Fruit firmness was determined by using digital penetrometer (Model 

BKD020-WEL. New Zealand), equipped with 8 mm plunger. Firmness was 

determined from five fruits in each replication after removal of small portion of 
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skin with the help of peeler at broadest part. Firmness values were expressed in N 

(Newton). Firmness was determined at the day of harvest from mature fruit. 

3.2.4.7. Number of locules 

 Ten fully matured fruits were taken from each replication and cut with 

sharp knife from center of fruit for the observation of number of locules. 

3.2.4.8. Blossom end rot 

Fruits in each treatment were observed for physiological disorder blossom 

end rot by comparing them as few, moderate and many by assigning scale 3, 5 and 

7 respectively. 

3.2.4.9. Puffiness appearance 

Fruits in each treatment were examined for puffiness appearance (presence 

of cavity)  and compared statistically by assigning them scale 3, 5 and 7 for slight, 

intermediate and severe respectively. 

3.3. DEVELOPMENT AND SCREENING OF M2 POPULATION  

On the basis of analysis performed in M1 population, 30 variants from each 

population which were grown with EMS 4 mM, 8 mM, 16 mM and 32 mM 

concentrations and 5 Kr gamma rays dose that performed differentially as 

explained in section 4.3 were selected to grow M2 population. After four weeks of 

sowing there was no germination in populations grown with EMS 4 mM and 32 

mM while all other survived treatments were transferred into open field conditions 

for further screening of variants. 
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Each variant was considered as a separate experimental unit and was scored 

for vegetative (Plant height, leaf area, chlorophyll content of leaves and internodal 

distances), reproduction (No. of flowers/cluster, no. of fruits/cluster, no of 

cluster/plant and fruit set %), thermo-tolerance (RWC, MSI %, TTC analysis, 

proline content of leaves) and fruit related parameters (fruit weight, length, width, 

size, firmness, total soluble solids, no. of locules, puffiness and blossom end rot).   

3.4. DEVELOPMENT OF M3 POPULATION TO ASSESS THE 

GENETIC DIVERSITY/SIMILARITY AMONG SCREENED 

THERMOTOLERANT VARIANTS BY USING HEAT SPECIFIC 

SSRs 

Mutants were screened for heat tolerance using morphological and 

physiological parameters. The selected heat tolerant mutant plants were further 

evaluated for possible variation at molecular/DNA level. The variation was 

explored by using heat specific SSR primers. The M2 populations were screened for 

heat tolerance (as described in section 3.2.1) and selected mutagen treatments (5 

Kr, EMS 8, EMS 16 mM) were used to develop M3 population for further analysis.  

The plants of M3 population at 3-4 leaf stage were subjected to 38 ºC 

induction temperature for three hours and then recovery (room) temperature for 12 

hours followed by high temperature induction of 45 ºC for two hours. Leaf samples 

of treated plants were assayed for membrane stability index (%), cell viability (%) 

and proline contents. Eight plants were selected from each treatment based on their 

performance as explored by the given assays and used for genetic diversity 

analysis. Samples of fresh leaves were collected in zip lock bags and stored at -80 

ºC for DNA extraction. 
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3.4.1. DNA Polymorphism Analyses 

The laboratory studies were carried out in the Department of Biosciences, 

COMSATS, Institute of Information Technology, Islamabad Campus. The detailed 

procedure followed for analysis is given below: 

3.4.2. DNA Extraction 

For DNA extraction modified method of (Ahmed et al., 2009) was used. 0.3 

g of leaf sample was ground in liquid nitrogen and then transferred to a 1.5 ml 

centrifuge tube. 50 µl CTAB buffer (2 %) was added and macerate the tissue with 

hand operated homogenizer. Made the volume of DNA extraction buffer to 250 µl 

and thoroughly homogenized the tissues in buffer. Then 25 µl of 20 % SDS was 

added and vertex for 30 minutes. Then tubes were put in heating block at 65°C for 

30 minutes with frequent shaking for cell lysis. Then add 250 µl of phenol: 

Chloroform: Isoamylalcohol (25: 24: 1) to the sample and mix aqueous and organic 

phases manually by vigorous shaking and inverting the centrifuge tubes for 10 

seconds. Then tubes were centrifuged at 13000 rpm for 8 minutes.  

Aqueous and organic phases were clearly separated with the plant tissue 

debris deposited at the inter phase of two phases. Supernatant was collected into 

new centrifuge tube and inter phase and organic phase were discarded.  These two 

steps were repeated for three times to remove impurities. Then 500 µl chilled 

absolute ethanol were added and centrifuged at 13000 rpm for 5 minutes. After 

discarding the supernatant, 500 µl of Tris-EDTA (TE) buffer (10 m MTris-HCl, 1 

mM EDTA having pH 8.0) and RNase was added to remove Co-precipitated RNA 

by digestion. Extracted DNA of tomato mutants was placed at -20 °C. 
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3.4.3. Agarose Gel Electrophoresis 

Quality of the extracted DNA was checked by running on 2 % agarose gel 

prepared in TAE (Tris-acetic acid - EDTA) buffer. Ethidium bromide solution (0.5 

μg/ml) was used to stain the gel. Stained gel was visualized by gel documentation 

system and quality of the DNA was assessed. The appropriate dilutions of DNA 

were made for the further amplification and primer analysis. 

3.4.4. Polymerase Chain Reaction 

Fifteen selected heat specific SSRs obtained from tomato SSR marker 

database (http://marker.kazusa.or.jp/Tomato/marker/list/Genome-SSR) were 

utilized to amplify genomic DNA (Table 5). Polymerase chain reaction (PCR) was 

performed on Thermal cycler (Peqlab) using 25 μl reaction mixture containing 2.5 

µl of MgCl2, 2.5 µl 10X Taq buffer, Taq polymerase 0.3 µl, 0.5 µl mix of dNTPs 

of 100 μM, 1.5 µl of each forward and reverse primer (0.32 μmol/l) and 2 µl of 

DNA template (50 ng/μl). However, only the primers showing polymorphic results 

were selected for the purpose of diversity analysis. After PCR, the amplified 

fragments were separated on 2 % agarose gel and photographed.  

3.5. STATISTICAL ANALYSIS 

Data was statistically analyzed by using descriptive statistics and Analysis  

of Variances (ANOVA) and means was compared using Least Significant 

Difference (LSD) test at 5 % level of significance. For assessing genetic 

diversity/similarity among screened thermo-tolerant variants, data were collected 

and aligned for the construction of cluster analysis and similarity matrix using the 

http://marker.kazusa.or.jp/Tomato/marker/list/Genome-SSR
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PopGen software (Cambridge, UK) (version 1.44) based on Nei‟s un-weighted 

paired group of arithmetic mean averages (Nei, 1972). 
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S.# Primer 

Name 

Forward Primer Reverse Primer Annealing 

Temp.(OC) 

 

1 

 

TGS0012 GTCCCTACCCCACAAATTGAA AGGTACAACTCACCTCCCCC 55 

2 TGS0017 GCGGCCCAAAGTATGATGTA CCCCACAAAACTCTGACTCAT 55 

3 TGS0031 GGTAATCAATTTTGAAGCTAAAAGC TGGGAAGAACTCAAGTCAAAAA 55 

4 TGS0040 GAGAAATTGGTTTGACGGTGC TGCCTTAATTTTCGGAATGG 55 

5 TGS0058 GCTTGAATTGTGGTGTATCGAG AGCAGCAAATGCTCCGTTACT 55 

6 TGS0095 GCCACTTCAACTCGTCCAGGT ATGATCACATTGGCCATCAA 55 

7 TGS0113 GAACCTCCTTCTTTCAAGTGGATT TTGAATCTTTCAGACTTGAACCA 55 

8 TGS0130 AGTTTTAAAAAGTTGTTTTCAACGTA GTTGTGGTTGTGsGTTGTGGT 55 

9 TGS0163 GTCATTTTCAAGTTAAGTGATAGATTCC CAAAATTCTTCAATTCATTTGTCG 50 

10 TGS0197 GACGTCCCAACAGTTTTTCCA ATGCAATTTGCTCAAGACCC 55 

11 TGS0234 GAAGCAAATTGTGAATGGCCT AAAAGAGTAATCATTCTTGCAGTGA 55 

12 TGS0295 GAAACTAATCAATCGCATGAGCA TCTCTAAAACTTTTGCCTTATCG 55 

13 TGS0470 GATATGACCCTTTGCCACTGC CAATATGAAATCGAGGGAGCA 55 

14 TGS0486 GTGTGGAATTAATTTAAGGTCGAG TTGAGTAAGTCCACATATTGCG 60 

15 TGS0494 TCTTCCACACATTCAGCTCG GATGGGATTCTTGGGATGTG 55 

Table 5: Details of selected heat specific SSR primers for finding genetic diversity /similarity among screened thermotolerance variants. 

The primers were obtained from tomato SSR marker database (http://marker.kazusa.or.jp/Tomato/marker/list/Genome-SSR). 
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Chapter 4 

RESULTS 

 

4.1 DEVELOPMENT OF MUTANT POPULATION BY PHYSICAL 

 AND CHEMICAL MUTAGENS 

Tomato is considered as a model framework for Solanaceous plants due to 

its small genome size and accessibility of genomic assets (Ranjan et al., 2012) 

Chemical mutagen ethyl methane sulphonate (EMS) and physical mutagen gamma 

irradiation are widely used for developing mutant populations (Loveless 

1958; Sikora et al. 2011; Serrat et al. 2014). Seeds treated with nine different doses 

of physical mutagen (gamma irradiation) and nine different concentrations of 

chemical mutagen (Ethyl Methane Sulphonate EMS) as reported earlier with little 

modification. About thirty six hundred seeds were treated with various doses and 

levels of EMS and gamma irradiation. These treated seeds were planted in 

germination trays. The data was recorded for germination percentage after three 

weeks of sowing. 

 Analysis of variance was performed for germination percentage among 

different treatments (Table 6). It revealed significant differences among different 

treatments. Mean performance (Table 7) showed that germination of seeds treated 

with lower concentrations of chemical mutagen (EMS) and physical mutagen 

(gamma irradiations) were significantly different from seeds treated with higher 

concentrations. Highest germination percentage was observed in control followed 

by seeds treated with EMS 4, EMS 8 mM and EMS 16 mM. Comparatively lower 

germination percentage was observed in seeds treated with gamma irradiation 

(dose 5 kr), while only 10 % germination was observed in seeds treated with 10 Kr 

dose.
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Table 6: Analysis of variance for seed germination percentage of M1 population 

raised from seed treated with various levels of chemical (EMS) and physical  

(gamma irradiation) mutagen. 

 

Coefficient of variation = 4.25% * = significant at 5% level of probability 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mean square Degree of freedom Source of variance 

1.10 3 Replication 

4509.26*  18 Treatment 

1.03 54 Error 
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Table 7: Mean performance for germination percentage and lethal dose of M1 

population raised from seeds treated with various levels of chemical (EMS) and 

physical (gamma irradiation) levels. 

 

 

LSD (0.05) = 1.4365 cm 

  Means within column having same letters are statistically non-significant (p < 0.5) 

 

Treatment M1 seeds 

treated 

Germination % Lethal Dose Status 

Control 400 85.25a - Germinated 

EMS 4mM 400 80.75b 1.82 Germinated 

EMS 8mM 400 77.00c 6.38 Germinated 

EMS 16mM 400 76.25c 7.29 Germinated 

EMS 24mM 400 43.75e 46.80 Germinated 

EMS 32mM 400 22.75f 72.34 Germinated 

EMS 40mM 400 0.00h 100 Lethal 

EMS 48mM 400 0.00h 100 Lethal 

EMS 56mM 400 0.00h 100 Lethal 

EMS 64mM 400 0.00h 100 Lethal 

GI 5Kr 400 67.5d 18 Germinated 

GI 10Kr 400 10.0g 78 Germinated 

GI 15Kr 400 0.00h 100 Lethal 

GI 20Kr 400 0.00h 100 Lethal 

GI 25Kr 400 0.00h 100 Lethal 

GI 30Kr 400 0.00h 100 Lethal 

GI 35Kr 400 0.00h 100 Lethal 

GI 40Kr 400 0.00h 100 Lethal 

GI 45Kr 400 0.00h 100 Lethal 
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 which was significantly lower from the rest of treatments. Hence, high doses of 

physical as well as chemical mutagens proved lethal (Table 7). 

4.2 SCREENING OF MUTATED (M1) POPULATION FOR THERMO-

 TOLERANCE   

The mutated seedlings from five   concentrations of EMS (4, 8, 16, 24 and 

32 mM) and two doses of gamma irradiations (5 and 10 Kr) were used to raise M1 

population,  which was subjected to different screening analysis for assessment of 

thermo-tolerance, morphological, reproductive and fruit related traits. 

4.2.1. Thermo-Tolerance Related Traits 

Analysis of variance was carried out for membrane stability index (MSI %), 

cell viability percentage (CV %), relative water content (RWC %) and proline 

contents (µmole/g Fresh weight) of leaves (Table 8).  Mean performance for each 

trait is tabulated (Table 9) and differences are separated through LSD (0.05). Mean 

performance is also elaborated through figures (Figure 5-8). 

4.2.1.1. Membrane stability index (MSI %) 

Cell membrane stability is the critical tool to measure the heat stress 

tolerance. Cell membrane stability of M1 population following heat stress revealed 

that differences were statistically significant among various levels. Control showed 

less membrane stability index as compared to all plants developed through 

mutagenic treatment (Table 9). It was also revealed that among different plant 

populations MSI % was higher in M1 population (EMS concentration; 16 mM 

followed by 5kr and EMS 24mM) at elevated temperature 40 
○
C (Figure 5).  
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Table 8: Analysis of variance for membrane stability index (MSI %), cell viability 

(CV %), relative water content (RWC %) and proline content (µmole/g Fresh 

Weight) among different M1 of tomato during 2013. 

 

 

 

 

 

 

 

 

 

 

  Mean squares 

Source of 

variance 
Df 

MSI 

(%) 

CV 

(%) 

RWC 

(%) 

Proline content 

(µmole/g FW) 

Replication 3 0.01NS 8.464NS 0.00135NS 0.00723NS 

Treatment 7 1399.07** 999.86** 0.26128** 0.22508** 

Error 21 0.43 9.343 0.00105 0.00754 

 Coefficient of variation (%)    0.92            4.96           7.93                 9.99 

** significant at 1% level of probability NS = Non significant 
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Table 9: Mean performance for membrane stability index (MSI %), cell viability 

(CV %), relative water content (RWC %) and proline content (µmole/g FW) of 

different treatments of physical and chemical mutagens on tomato variety "Rio 

Grande" during 2013. 

         LSD (0.05) =                 0.965               4.494             0.047                      0.127 

Means within column having same letters are statistically non-significant (p < 0.5) 

  Mean Performance 

S. 

No 

Treatments MSI 

(%)                 

CV 

(%) 

RWC 

(%) 

Proline 

content 

(µmole/g FW)   

1. Control 41.88h 46.66 f 0.56 ab 0.87 c 

2. GI 5Kr 90.18b 81.65 b 0.61 a 1.27 a 

3. GI 10Kr 65.51e 49.37ef 0.00 0.72 d 

4. EMS 4mM 52.35g  53.317de 0.47 d 0.53 e 

5. EMS 8mM 78.35d 87.08a 0.49 cd 0.77 cd 

6. EMS 16mM 91.80a 77.99b 0.59 a 1.06 b  

7. EMS 24mM 87.50c 69.39c 0.60 a 0.74 cd 

8. EMS 32mM 61.23f 56.03d 0.53 bc 1.02 b 
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Figure 5: Effect of EMS and Gamma irradiation on membrane stability index 

(percentage) of tomato cv. „Rio Grande 

 

Figure 6: Effect of EMS and Gamma irradiation on cell viability of tomato cv. „Rio 

Grande‟.  
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4.2.1.2. Cell viability percentage (CV %) 

Cell viability analysis was performed by using Tetrazolium trichloride salt 

following heat stress. Cell viability of M1 populations depicted that differences 

were statistically significant among various levels (Table 9). Plants in control 

showed significantly lower cell viability from the rest of M1 populations. 

Comparison of cell viability among different populations showed   that 

highest percentages of viable cells were obtained in populations developed from 

EMS concentration 8 mM followed by 16 Mm and 5 Kr. Plants in control showed 

significantly lower cell viability from the rest of M1 populations (Figure 6). 

4.2.1.3. Relative water contents of leaves (%) 

Relative water contents of M1 populations mutated through EMS revealed 

that differences were statistically significant among various levels (Table 9). 

Relative water contents of leaves from different plant populations showed that the 

highest water contents were observed in M1 populations from gamma irradiation (5 

Kr) and  EMS (16 and 24 mM) wheareas lowest values was observed in 10 Kr 

(Figure 7).  

4.2.1.4. Proline contents of leaves (µmole/g Fresh Weight) 

Proline contents of M1 population mutated through EMS and Gamma 

irradiation revealed that differences were statistically significant among various 

levels (Table 9). Proline contents of leaves from different populations showed that 

it was higher in M1 populations from gamma irradiation (5 Kr), followed by EMS  
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Figure 7: Effect of EMS and Gamma irradiation on relative water contents of 

leaves of tomato cv. „Rio Grande‟. 

 

Figure 8: Effect of EMS and Gamma irradiation on proline content of leaves of 

tomato cv. „Rio Grande‟. 
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Table 10: Analysis of variance for plant height, leaf area, inter-nodal distance, 

chlorophyll content of leaves and no. of branches among different treatment of M1 

population. 

  CV % =                  2.48             0.39              11.01            3.53                   14.12 

  NS = non-significant ** = significant at 1% level of probability 

 

 

 

 

 

 

 Mean  Squares   

No. of 

branches 

Chlorophyll 

Content 

Internodal 

Distance 

Leaf area 

 

Plant 

Height 

Df Source 

of 

variation 

 (%) (cm) (cm
2 
) (cm)   

      

0.125NS 0.36NS 0.0744NS 2.44NS 3.375NS 3 Replication 

47** 318.38** 3.695** 1871.94** 467.62** 7 Treatment 

1.029 3.39 0.329 0.26 1.827 21 Error 
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16 mM and 32mM while lowest proline contents were obtained in EMS 4 mM 

(Figure 8).  

4.2.2. Morphological Traits  

The data for plant height (cm), leaf area (cm
2
), chlorophyll content of 

leaves (%), number of branches and internodal distance (cm) was subjected to 

analysis of variance (Table 10), followed by LSD (Table 11)   elaborated through 

bar graphs (Figure 9-13).  

4.2.2.1. Plant height (cm) 

Plant height of mutated M1 population revealed that differences were 

statistically significant among various levels. Plant height from different plant 

populations showed maximum plant height in M1 population from EMS (4 mM and 

16 mM) followed by gamma irradiation (5 Kr), whereas only 28 cm height was 

observed in M1 population developed through gamma irradiation (10 kr) which was 

significantly lower from rest of all treatments. On the other hand, populations 

developed through EMS 32 mM and control showed similar plant height (Figure 

9). 

4.2.2.2. Leaf area (cm
2
) 

Leaf area of mutated M1 population thorough EMS and gamma irradiation 

revealed that differences were statistically significant among various levels (Table 

11). Leaf area from different populations showed that maximum leaf area was 

observed in M1 populations from EMS 4 mM followed by EMS 8, 16 mM. 

Significantly lower leaf area was measured in control (Figure 10). 
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LSD (0.05) =       1.987                           0.754                            0.843                        2.707               1.49 

Means within column having same letters are statistically non-significant (p < 0).

   Mean Performance    

S. No Treatments Plant Height Leaf Area Internodal 

distance 

Chlorophyll  

content 

No. of 

branches 

    ( cm) (cm
2
) (cm) (%)  

1 Control 56 d 95.94 g 4.50 e 34.91 e 8.25 cd 

2 GI 5Kr 59.75 ab 133.40 d 6.65 a 60.37 a 7.75 d 

3 GI 10Kr 28 e 103.79 f 3.62 f 59.80 ab 4.25 e 

4 EMS 4mM 60.75 a 158.56 a 5.57 bcd 51.12 c 9.5 bc 

5 EMS 8mM 58.25 bc 149.73 b 5.62 bc 57.12b 9.75 b 

6 EMS 16mM 59.25 ab 144.03 c 6.07 ab 58.72 ab 12 a 

7 EMS 24mM 57.25 cd 126.75 e 4.87 cde 50.87 c 4 e 

8 EMS 32mM 56.25 d 132.89 d 4.75 bcd 44.20 d 2 f 

Table 11: Mean performance of different treatments on physical and chemical mutagens on morphological traits of tomato 

variety “Rio Grande” during 2013. 
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Figure 9: Effect of EMS and Gamma irradiation on plant height of tomato cv. „Rio 

Grande‟. 

 

Figure 10: Effect of EMS and Gamma irradiation on leaf area of tomato cv. „Rio 

Grande‟ in heat stress conditions. 
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Figure 11: Effect of EMS and Gamma irradiation on chlorophyll content of leaves of 

tomato cv. „Rio Grande‟. 
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4.2.2.3. Chlorophyll content of leaves (%) 

Chlorophyll contents of M1 population revealed that differences were statistically 

significant among various levels (Table 11). Chlorophyll content of leaves from 

different populations showed that maximum contents were observed in M1 population 

from gamma irradiation (5 Kr), while M1 populations obtained from 10 Kr were also 

non-significant which were followed by populations obtained through EMS 16 mM. 

Plants in control showed lower chlorophyll contents which were significantly different 

from treated plant populations (Figure 11). 

4.2.2.4. Number of branches 

Number of branches of M1 population mutated through EMS and gamma 

irradiation depicted that differences were statistically highly significant among various 

levels (Table 11). Number of branches from different populations showed that 

maximum branches was counted in M1 population developed through EMS 16 mM 

followed by EMS 8 mM and 4 mM. whereas lowest number of branches were observed 

in 32Mm. The populations developed through gamma irradiation 5 Kr were not 

significantly different from the control (Figure 12). 

4.2.2.5. Internodal distance (cm) 

Internodal distance of M1 population mutated through EMS reveled that differences 

were statistically significant among various levels (Table 11). Internodal distance from 

different plant populations showed that it was higher in M1 populations from gamma 

irradiation (5 Kr) and EMS 16 mM, followed by EMS 8 mM. While minimum internodal 

distance was observed in plants obtained from gamma irradiation 10  
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Figure 12: Effect of EMS and Gamma irradiation on no. of branches distance of tomato 

cv. „Rio Grande‟. 

 

Figure 13: Effect of EMS and Gamma irradiation on intermodal distance of tomato cv. 

„Rio Grande‟. 
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Kr (Figure 13). 

4.2.3. Reproductive Traits 

The collected data for number of flowers/cluster, number of fruits/cluster, 

number of cluster/plant and fruit set percentage was subjected to analysis of 

variance (Table 12). Mean performance is separated through LSD (Table 13). 

Mean performance is depicted through graphs in (Figure 14-17). 

4.2.3.1. Number of flowers/cluster 

Number of flowers of M1 populations mutated through EMS and gamma 

irradiations revealed that differences were statistically significant among various 

levels and results are presented in Table 13. The plants of 10 Kr populations 

showed stunted growth at maturity stage and were not able to produce flower.  

Number of flowers from different plant populations showed that it was 

higher in M1 populations from EMS (8 mM), EMS (16 mM) and gamma irradiation 

(5 kr) followed by EMS (4 mM) and control. Plants  in EMS (32 mM) showed  

significantly  lower  number of flowers as compared to all treated plant populations 

in M1 (Figure 14). No flower production was observed in plants treated with 10 Kr 

gamma irradiation dose.  

4.2.3.2. Number of fruits/cluster 

 Number of flowers/cluster of M1 population mutated through EMS and 

gamma irradiation depicted the differences were statistically significant among 

various levels (Table 13).  
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Table 12:  Analysis of variance for no. of flowers/cluster, no. of fruits/cluster, no. 

of cluster/plant and fruit set % for different treatment of tomato during 2013. 

CV% =                   18.12                    17.73                 11.40                   19.48 

NS = non-significant   ** = significant at 1% level of probability     

  Mean squares 

SOV Df Number of 

flowers/cluster 

Number of 

fruits/cluster 

Number of 

cluster/plant 

Fruit set 

% 

Replication 3 0.0833NS 0.2083NS 0.458NS 142.60** 

Treatment 7 16.928** 12.982** 119.26** 3492** 

Error 21 0.7024 0.398 1.31 175.47 
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Table13:  Mean performance of reproductive traits of different treatments of physical and chemical mutagens on tomato 

variety "Rio Grande" during 2013. 

  Mean Performance 

S. No Treatments No. of 

flowers/cluster 

No. of fruits/cluster No.  of 

cluster/plant 

Fruit set % 

1. Control 4.75 cde 2.5 c 7.25c 53.75b 

2. GI 5Kr 5.75 abc 4.75 b 14.75a 83.69a 

3. GI 10Kr 0.00 f 0.00 d 0 e 0 c 

4. EMS 4mM 5.25 bcd 4.5 b 14.75a 86.67a 

5. EMS 8Mm 6.50 a 5.75 a 14a 89.13a 

6. EMS 16mM 6.25 ab 4.75 b 13.75a 76.66a 

7. EMS 24mM 4.5 de 3.25 c 11b 78.75a 

      

      

8. EMS 32mM 4.00 e 3.00 c 5 d 75.41a 

 LSD(0.05) = 1.232 0.928 1.68 19.47 

 Means within column having same letters are statistically non-significant (p < 0.5) 
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Figure 14: Effect of EMS and Gamma irradiation on number of flowers/cluster of 

tomato cv. „Rio Grande‟. 

 

 

Figure 15: Effect of EMS and Gamma irradiation on number of fruits per cluster of 

tomato cv. „Rio Grande‟ 

 



67 

 

 

 

 

Figure 16: Effect of EMS and Gamma irradiation on number of clusters/plant of 

tomato cv. „Rio Grande‟. 
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hand, plants in EMS 24 mM, 32 mM and control showed minimum number of 

flowers as compared to plants in treated M1 populations (Figure 15).  

4.2.3.3. Number of cluster/plant 

 Number of cluster/plant of M1 population mutated through EMS and 

gamma irradiation reveled the differences were statistically non-significant among 

various levels (Table 13). It was maximum in M1 populations developed through 

EMS (4, 8, 16 mM) and gamma irradiation 5 kr. Whereas minimum numbers of 

cluster were obtained in EMS 32 mM plants (Figure 16). 

4.2.3.4. Fruit set percentage 

 Fruit set percentage of M1 population mutated through EMS and gamma 

irradiation indicates the differences were statistically non-significant among 

various levels (Table 13).  

Results concerning fruit set percentage showed that it was high in M1 

populations developed through EMS (4, 8, 16, 24 mM) and gamma irradiation (5 

kr). Whereas fruit set percentage was lowered in control plants (Figure 17). 

4.2.4. Fruit Related Traits 

The collected data for fruit length (cm), fruit width (cm), total soluble solids 

(Brixͦ ), fruit size, fruit weight (g), fruit firmness (N), number of locules, blossom 

end rot and puffiness was subjected to analysis of variance and results are 

presented in Table 14.  Means performance is separated through LSD (Table 15). 
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Table 14: Analysis of variance for fruit length, fruit width, total soluble solids, fruit size, fruit weight, fruit firmness and number of 

locules among different treatment of tomato, during 2013. 

 

** = significant at 1% level of probability   NS = Non-Significant 

 

 

 

Source of 

variation 

Df F.L F.Wd TSS F.S F.W F.F No of 

locules 

Blossom 

end rot 

Puffiness 

appearance 

  (cm)           (cm) (Brix)        (g) (N)    

Replication 3 0.0686NS 0.1045NS 0.3458NS 0.1667NS 17.30NS 0.5428NS 0.08333NS 1.125NS 0.125NS 

Treatment 7 16.995** 11.4128** 14.923** 19.7143** 3130.21** 15.00** 4.8571** 7.55** 11.267** 

Error 21 0.0448 0.0295 0.2511 1.2143 116.0 0.4114 0.17857 0.36 0.125 

CV% =  4.30 4.20 14.27 24.49 17.95 17.65 18.7 19.68 10.29 
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Table 15: Mean performance of different treatments of physical and chemical mutagens on tomato variety "Rio Grande" during 2013. 

Mean performance 

S. 

No 

Treatments Fruit 

length 

Fruit 

width 

TSS Fruit 

size 

Fruit 

Weight 

Fruit 

firmness 

No. of 

Locules 

Blossom 

end rot 

Puffiness 

appearance 

  (cm) (cm) (Brix)  (g) (g)    

1. Control 6.15 a 4.60 b 7.12 a 3.5 b 42.07c 7.00a 2.25 b 3b 3b 

           

2. GI 5Kr 4.67 c 4.67 b 3.375bc 6.5 a 82.50 a 3.425cd 2.25 b 3b 3b 

3. GI 10Kr 0.00 d 0.00 d 0.00 d 0.0 c 0.00 d 0.00 e 0.00 c 0 0 

4. EMS 4mM 6 ab 5.12 a 3.55bc 4.5 b 71.25 a 3.55cd 3.75 a 4.5a 5a 

5. EMS 8mM 5.95 ab 5.15 a 3.27 bc 6.5 a 83.75 a 3.27cd 3.25 a 3b 3.5b 

6. EMS 16mM 5.9 ab 4.72 b 2.95c 5.0 ab 72.07 a 3.075d 2.5 b 3b 3b 

7. EMS 24mM 4.9 c 4.10 c 3.82b 3.5 b 58.65b 4.625b 2.0 b 4a 5a 

8. EMS 32mM 5.8 b 4.30 c 4.00b 3.5 b 54.75 b 4.125bc 2.0 b 4a 5a 

LSD (0.05) =           0.311           0.252                1.994             1.62         15.83       1.994         0.621 0.866 0.599 

Means within column having same letters are statistically non-significant (p < 0.5) 
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Figure 17: Effect of EMS and Gamma irradiation on fruit set (%) of tomato cv. 

„Rio Grande‟. 

 

Figure 18: Effect of EMS and Gamma irradiation on fruit length of tomato cv. „Rio 

Grande".  
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Figure 19: Effect of EMS and Gamma irradiation on fruit width of tomato cv. „Rio 

Grande‟. 
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Bar graphs are also given to illustrate mean performance of individual mutation 

level in (Figures 18-26). 

4.2.4.1. Fruit length (cm) 

 Fruit length of M1 population mutated through EMS and gamma irradiation 

revealed that differences were statistically significant among various levels (Table 

15). Fruit length from different plant populations showed that it was higher in 

control plants followed by EMS (4, 8 and 16 mM). Although not statically differed. 

However, lowest fruit length was observed in 5 Kr and EMS 24 mM (Figure 18). 

4.2.4.2. Fruit width (cm) 

 Fruit width of M1 population mutated through EMS and gamma irradiations 

dipicted that differences were statistically significant among various levels (Table 

15).  Fruit width from different plant populations showed that it was larger in M1 

populations from EMS (4 and 8 mM) followed by EMS 16 mM, gamma irradiation 

5 Kr and control plants. However statistically lowest fruit width was observed in 

EMS 24 mM and 32 mM (Figure 19). 

4.2.4.3. Total soluble solids (TSS Brixͦ) 

   Total soluble solids (TSS) were measured at full maturity stage. TSS of 

M1 populations mutated through EMS and gamma irradiations revealed that the 

differences were statistically significant among various levels (Table 15). It showed 

that from different plant populations it was highest in fruits obtained from control 

plants at elevated temperature. Followed by EMS 24 and 32 mM which were same 
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with EMS 4 Mm, 8 Mm and gamma irradiation 5 Kr.While lowest total soluble 

solids were obtained in EMS 16 mM (Figure 20). 

4.2.4.4. Fruit size 

 Fruit size was characterize on the basis of small, medium and large and 

concluded that M1 populations from EMS (8 mM and 16 mM) did not have 

significant difference with M1 populations developed from gamma irradiation 5 Kr 

(Table 15). All of these M1 populations had fruit size between medium to large 

(Figure 21).   

4.2.4.5. Fruit weight (g) 

Fruit weight (Table 15) showed that there were significant differences in M1 

plant populations among different treatments of EMS and gamma irradiation, but 

clearly different from control. Populations from EMS 8mM  produces fruits with 

highest fruit weight followed by Gamma irradtions 5 Kr  and EMS (4 mM and 16 

mM). Statistically significant highest fruit weight was obtained EMS 8 mM and 

lowest in control plants (Figure 22). 

4.2.4.6. Fruit firmness (N) 

M1 populations mutated through EMS and gamma irradiations revealed that 

the differences among fruit firmness were statistically significant among various 

levels (Table 15). Fruit firmness among different M1 populations depicts that plants 

in control had most firm fruits even at full maturity stage.  

Statistical significant firmed fruits were obtained in population developed 

through EMS 24mM while lowest firmness was observed in EMS 16mM which 

were separated from EMS 4, 8Mm and  gamma irradiation 5kr  (Figure 23). 
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4.2.4.7. Number of locules 

 Number of locules of M1 populations mutated through EMS and gamma 

irradiation revealed the differences were statistically significant among various 

levels (Table 15). Data regarding number of locules showed that maximum 

numbers of locules were obtained in M1 populations from EMS (4 mM) which 

were non-significant with EMS 8 mM followed by all other mutated populations 

developed through EMS and gamma irradiation (Figure 24). 

4.2.4.8. Blossom end rot 

             Blossom end rot of M1 populations mutated through EMS and gamma 

irradiation revealed the differences were statistically significant among various 

levels (Table 15).   Data showed that fruits in populations developed through EMS 

(4, 24, 32 mM) suffers through blossom end rot, while its minimum in remaining 

populations as well in control (Figure 25). 

4.2.4.9. Puffiness appearance 

              Puffiness appearance (presence of cavity) of M1 populations 

mutated through EMS and gamma irradiation revealed the differences were 

statistically significant among various levels (Table 15).  Data showed that fruits in 

populations developed through EMS (4, 24, 32 mM) showed puffiness appearance 

while its minimum in remaining populations as well in control (Figure 26). 
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Figure 20: Effect of EMS and Gamma irradiation on TSS of tomato cv. „Rio 

Grande‟ in heat stress conditions. 

 

Figure 21: Effect of EMS and Gamma irradiation on fruit size of tomato cv. „Rio 

Grande‟. 
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Figure 22: Effect of EMS and Gamma irradiation on fruit weight (g) of tomato cv. 

„Rio Grande‟ 

 

Figure 23: Effect of EMS and Gamma irradiation on fruit firmness (N) of tomato 

cv. „Rio Grande‟ 
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Figure 24: Effect of EMS and Gamma irradiation on number of locules of tomato 

cv. „Rio Grande" 

 

Figure 25: Effect of EMS and Gamma irradiation on blossom end rot of tomato cv. 

„Rio Grande" 
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Figure 26: Effect of EMS and Gamma irradiation on puffiness appearance of 

tomato cv. „Rio Grande". 
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4.3.   DEVELOPMENT OF M2 POPULATION FROM M1 AND ITS 

SCREENING  

Based on the results obtained from M1 population, the mutant populations‟ 

viz. 4 mM, 8 mM, 16 mM, 32 mM and 5 kr were selected to develop M2 

population. Seeds of thirty randomly selected plants were collected from each 

population and sown to raise M2. However, the seeds of 4 mM and 32 mM 

treatment were not germinated and therefore could not be included in further study. 

Eventually, the seedlings of remaining mutant populations (8 mM, 16 mM and 5 

kr) were transplanted for further analysis as described below. 

4.3.1.    Thermo-Tolerance Related Traits of M2Population 

Membrane stability index was measured to check the stability of membrane 

during heat stress situations showed that highly stable membranes were observed in 

the populations developed from the gamma irradiation 5 kr (93.13 %) and EMS 16 

mM (92.32 %) while EMS 8mM showed (79.12 %) stability. Control has been 

shown significantly less stable membrane in stress conditions (only 46.6%) (Figure 

27 to Figure 30). 

Data of relative water contents showed that there were significant 

differences among treated M2 populations EMS 8mM (0.53 %) while control 

showed 0.486 % (Fig. 28). On the other hand cell viability analyzed through TTC 

analysis showed that maximum percentage  (85 %) of viable cells was obtained in 

M2 developed from EMS 8 mM, while M2 produced through gamma irradiation 

showed (83 %) viable cells followed by EMS 16 mM  ranges between (80 %). In 

comparison control produced only (46.73 %) viable cells (Fig. 29). Regarding 
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proline content of leaves during stress conditions populations produced from 

gamma irradiation and EMS 16mM showed similar results 1.51 µm/g fresh weights 

of leaves as compared to control which produced 0.51µm/g fresh weight (Fig. 30). 

4.3.2. Vegetative Traits of M2 Population 

Plant height was significantly increases in mutated populations as compared 

to control (56 cm). The population developed from EMS 8 mM showed taller 

plants having height ranging from 55 cm to 79 cm, EMS 16Mm showed plants 

having height ranges 56 cm -76 cm. Population produced through gamma 

irradiations had heights between 50 cm-80 cm which showed greater variation 

among variants. Results presented in (Figure 31-34). Maximum leaf area ranges 

between 148.6 cm
2
 to 163.5 cm

2
 were observed in population which was developed 

from the EMS 8mM. On the other hand plant population developed from EMS 

16mM showed variation between 139 cm
2
 -146 cm

2
 and gamma irradiation showed 

leaf area variations ranges 125.6 cm
2
 and 135.6.15 cm

2
 as compared to plants in 

control having leaf area about 96 cm
2
. The data regarding chlorophyll content of 

leaves showed that maximum chlorophyll content was calculated in population 

grown with gamma irradiation 62.67 % up to 155.85 %. While ranges between 57.5 

% and 64.5 % were produced by plant population grown through EMS 16 mM. 

Population developed through EMS 8 mM and plants in control were non-

significant with each other (55.58 % - 61 %) and (55.43) respectively. Populations 

developed from gamma irradiation and EMS 16 mM showed significantly different 

internodal distances (4.5 cm to 6.8 cm) and (3.5 cm to 6.8 cm) respectively, while 

EMS 8 mM showed (4.5 cm to 6.8 cm) and control had (4.6 cm) intermodal 

distance (Fig.35). 
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Figure 27: Mean values of Membrane stability index % of variants in different M2 

populations`   

 

 

 

 

 

 

 

 

 

 

 

Figure 28: Mean values of relative water contents of leaves of variants in different 

M2 population 
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Figure 29: Mean values of cell viability % of variants in different M2 populations. 

 

Figure 30: Mean values of proline contents of leaves of variants in different M2 

populations. 
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Figure 31: Mean values of plant height of variants in different M2 populations 

 

Figure 32: Mean values of leaf area of variants in different M2 populations. 
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Figure 33: Mean values of chlorophyll content of leaves of variants in different M2  

Populations 

 

 

 

Figure 34: Mean values of number of branches of variants in different M2 

populations. 
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Figure 35: Mean values of inter-nodal distance of variants in different M2 

populations 
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 Numbers of branches (12) were maximum in the populations developed through 

EMS 8mM, while populations developed through EMS 16 mM and gamma 

irradiation 5 Kr produced non-significant results (having 10 branches) with each 

other. Control had significantly lowest number of branches as compared to all 

treatments (Fig. 34). 

4.3.3. Reproductive Traits of M2 Population 

Regarding number of flowers and fruits data presented in fig 36 to fig 38   . 

Among all M2 populations significant difference was observed in population 

developed through EMS 16 mM for reproductive trait, number of flowers/cluster 

ranges 4-8 while significantly less number of flowers/cluster were obtained in 

control (range 4-5). On the other hand maximum fruits/cluster which ranges 

between 2-7 fruits/cluster were obtained from populations developed through EMS 

16 mM. All other populations of M2 showed 2-5 fruits/cluster and control ranges 

between 3-4 fruits/cluster. Data regarding number of cluster/plant reviled that 

maximum clusters were found by the populations developed through gamma 

irradiation 5 Kr (14) and lower were in control (7). Maximum number of fruits was 

observed in the population which was developed from EMS 16 mM and lesser 

number of fruits was obtained in control.  

4.3.4. Fruit Related Traits of M2 Population 

All fruit quality traits are shown in Figure 40 to 48 which showed that there 

is significant improvement in quality characters of fruit in M2 populations created 

by the application of different physical and chemical mutagens. Data regarding 

fruit weight showed clear difference among all treatments. Maximum fruit weight 
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was obtained M2 developed from gamma irradiation 88 g while 78 g and 71 g 

obtained from EMS 8 mM and 16 mM respectively. With respect to all treatments 

fruits in control showed minimum weight (63.9 g). (Fig. 40) Highly firmed fruit 

was obtained from populations which were developed from gamma irradiation 

(3.21 N) followed by populations which were developed from EMS (8mM) while 

control fruit showed lower firmness (2.63 N) (Fig. 45)  

TSS of the variants varied from 3.7 Brix to 4.5 Brix but the variation was 

insignificant (Fig. 44).  Diversity was observed in number of locules from 1.5 to 

3.3 among different populations lesser number of locules 1.51 was observed in 

population developed from gamma irradiation while populations from  EMS shows 

non-significant results to control (Fig. 46 ).  

Maximum fruit size was obtained in populations developed through gamma 

irradiation (5 kr) while populations developed through EMS 8 mM and 16 mM 

show non-significant results among each other and control had fruits with 

minimum size (Fig. 43).  

Data collected for fruit length showed that maximum values were obtained 

from the populations developed through EMS 8 mM followed by EMS 16 mM and 

gamma irradiation 5 kr as compared to control which showed minimum fruit length 

(Fig. 41). Maximum fruit width was showed by the populations developed through 

EMS 8 mM while populations developed through EMS 16 mM and gamma 

irradiation 5 kr were non-significant with each other compared to control (Fig. 42). 

Data collected for the blossom end rot reveled that control plants were effected 

significantly as compared  to  all  other  populations  raised  through   mutagenic 
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Figure 36: Mean values of No. of flowers/ cluster of variants in different M2 

populations 

 

 

Figure 37: Mean values of No. of fruits/cluster of variants in different M2 

populations 
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Figure 38: Mean values of no. of cluster/plant of variants in different M2 

populations 

 

 

Figure 39: Mean values of fruit set % of variants in different M2 populations 
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Figure 40: Mean values of fruit weight of variants in different M2 populations 

 

 

Figure 41: Mean values of fruit length of variants in different M2 populations 
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Figure 42: Mean values of fruit width of variants in different M2 populations 

 

 

Figure 43: Mean values of fruit size of variants in different M2 populations 
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Figure 44: Mean values of TSS of variants in different M2 populations 

 

 

Figure 45: Mean values of fruit firmness of variants in different M2 populations 
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Figure 46: Mean values of no. of locules of variants in different M2 populations 

 

 

Figure 47: Mean values of blossom end rot of variants in different M2 populations 
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Figure 48: Mean values of puffiness appearance of variants in different M2 

populations.
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treatments  (Fig. 47 ). Similarly plants in control showed more cavities (Puffiness 

appearance) as compared to all other populations (Fig. 48). 

4.4 DEVELOPMENT OF M3 POPULATION TO ASSESS THE 

GENETIC DIVERSITY/SIMILARITY AMONG SCREENED 

THERMOTOLERANT VARIANTS BY USING HEAT SPECIFIC 

SSRs. 

4.4.1.   Polymorphism 

Fifteen selected heat specific SSRs obtained from tomato SSR marker 

database (http://marker.kazusa.or.jp/Tomato/marker/list/Genome-SSR) were 

utilized to amplify genomic DNA to assess the genetic diversity among tomato 

variants selected form M2 population (8 mM, 16 mM and 5 kr). Polymorphism 

percentage of primers is presented in Table 16. A total of 108 bands were 

generated. These primers exhibited different level of polymorphism ranging from 

56.6 % to 88.4 % with an average of 76.3 % (Table 16). The number of DNA 

fragments ranged from 5 (TGS0494) to 9 (TGS0040, 113 and 295) with an average 

7.2 bands per primer (Fig 49 and 50). 

4.4.2. Cluster Analysis 

 On the basis of information found in the data set explaining the 

object/individuals, cluster analysis divide objects, observations or events in groups 

and sub-groups or cluster and sub-cluster. The objects or individuals present in a 

group have strong association among them while this association lessens among 

inter-cluster. The dendrogram plot exhibits the relationship between individuals

http://marker.kazusa.or.jp/Tomato/marker/list/Genome-SSR
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 Figure. 49: DNA bands of screened twenty four thermo tolerant variants  

         

Figure 50: PCR showing genetic diversity/similarity of screened thermotolerant Variants 
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when they were combined. The length of the branch is responsible for distinctness 

and non-distinctness among individuals. Greater the length greater will be the 

distinctness and vice versa.  

Genetic diversity among 25 tomato variants was assessed by dendrogram 

(Figure 51). The given dendrogram mainly contains 4 clusters (Figure 51). Control 

was un-clustered. Cluster I contains variants (M3- P19, M3-P11, M3-P3 M3-P2). 

Cluster II contains variants (M3-P17, M3-P1, M3-P9, M3-P13, M3-P5, M3-P21, 

M3-P12, M3-P4 and M3-P20). Third cluster contains variants (M3-P16, M3-P8, 

M3-P24, M3-P18, M3-P10, M3-P14, M3-P6 and M3-P22). Fourth cluster contains 

(M3-P23, M3-P15 and M3-P7) (Figure 51).  

4.4.3. Similarity Index 

 Figure 52 shows the genetic similarity and dissimilarity of 25 tomato 

variants. Color scheme was used to illustrate genetic distance among genotypes. 

Genotype pairs having similar values are more genetically identical shown by 

variants pair M3-P1 & M3-P17, M3-P5 & M3-P13 and M3-P6 & M3-P14. From 

the given results it could be elucidated that although molecular fingerprinting can 

be utilized to discriminate genotypes from each other, it can also be utilized to 

notify genetic similarity among variants having different names.  
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Table 16: List of primers, No. of bands and Percentage Polymorphism of given 15 

primers 

 

 

 

 

S. No. Marker Name No. of Bands % Polymorphism 

1 TGS0012 8 80.25 

2 TGS0017 8 72.5 

3 TGS0031 7 61.43 

4 TGS0040 9 70 

5 TGS0058 7 56.57 

6 TGS0095 7 82.29 

7 TGS0113 9 74 

8 TGS0130 7 78.57 

9 TGS0163 7 78.86 

10 TGS0197 7 78 

11 TGS0234 6 80 

12 TGS0295 9 80.44 

13 TGS0470 6 82.67 

14 TGS0486 6 81 

15 TGS0494 5 88.4 
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Figure 51: Dendrogram of twenty five tomato variants analyzed by using 

fifteen SSRs primers 
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Figure 52:  Similarity index 
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Chapter 5 

DISCUSSION 

5.1 MUTAGEN DOSE AND THEIR IMPACT ON SEED GERMINATION 

Among physical mutagens gamma rays stand first in their effectiveness in 

the induction of mutations. Gamma rays are ionizing radiations having a low 

wavelength with high penetration power; they interact with atoms or molecules to 

produce free radicals in the cells. Important components of plant cells can be 

damaged or modified by these free radicals and they have been reported to affect 

the seed germination (Bharathi et al., 2014). Subsequently to the mutagenic 

treatments, the inhibitory impact on seed germination could be unambiguously 

seen. Mutagenic treatments uncovered a progressive diminishing pattern in 

germination from lower to higher doses (Sunil et al., 2011).  

So, in the study under discussion the germination of the treated seeds had 

demonstrated a sharp dose rate relationship, which diminished with the expansion 

in dosages/concentration of mutagenic treatments. Rate of decline in seed 

germination may have been because of the impact of mutagens on merismatic 

tissues of the seed (Datir et al., 2007). 

Reduction in germination percentage was observed by Kurobane et al. 

(1979), when seeds were treated with physical and chemical mutagens, it was due 

to delay or hindrance of biological and physiological processes which are essential 

for seed germination such as enzyme activity, hormonal imbalance and inhibition 

of mitotic process. Sinha and Godward (1972) observed that reduction in 

germination percentage was due to disturbances caused at the physiological level 
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coupled with damage to chromosomes.  

Kulkarni (2011) reported that mutagenic treatment particularly chemical 

mutagens cause disturbances in the activity of enzymes which are involved in 

germination. Gamma radiation had inhibitory effects on physiological and 

quantitative traits as identified by Khan and Goyal (2009).  

Reduction in germination of seeds due to mutagenic treatments may be due 

to damage of cell constituents or alteration in enzyme activity. Kiong et al. (2008) 

reported that increasing radiation dose is directly proportional to chromosomal 

damage which may be responsible for less germination and reduction in plant 

growth. Decrease in germination percentage was also prevalent in horsegram when 

treated with higher concentrations of gamma irradiation and EMS. It might be due 

to their effects in genetic and cytological processes coupled with the changes 

induced in metabolic processes (Sjodin, 1962).  

Hence, it is concluded that chemical mutagen EMS concentrations (8, 16 

mM) and 5 kr gamma irradiation dose are suitable to create variants in tomato cv 

"Rio Geande". Whereas, higher physical and chemical mutagen 

doses/concentrations caused reduction in germination percentage of tomato seeds. 

5.2 SCREENING OF THERMOTOLERANT MUTANTS 

Analogous to other abiotic stresses, heat stress results in the production of 

reactive oxygen species (ROS) and invokes oxidative stress responses (Potters et 

al., 2007). Producing ROS under heat stress is an indication of cellular damage, 

where membrane lipids and pigments are drastically damaged peroxidation and 

eventually lose their function. The photosynthetic apparatus and various other 

components are also damaged by ROS, thus hindering metabolic activities and 
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affecting plant growth and yield by limiting metabolic flux activities (Sairam and 

Tayagi, 2004). 

Plants have developed scavenging systems to reduce the level of ROS at 

cellular level so that their impact could be minimized. Major component of these 

scavenging systems are antioxidant enzymes. However, some free amino acids like 

proline are also known for their role in ROS scavenging. Rivero et al. (2004) 

demonstrated that the proline content of leaves increased significantly in tomato 

under heat stress (35 ºC) as compared to optimum growth temperature (25 ºC). 

Overall stimulation of the stress-resistance machinery of the plant including 

induction of the main enzymes involved in proline synthesis (P5CS and OAT), as 

well as inhibition of the enzyme responsible for degrading proline (PDH), play 

important role in this context (Delauney and Verma, 1993; Claussen, 2005). A 

mutation in any of the systems related may affect the production and 

activation/degradation of proline leading to a tolerant /susceptible genotype. 

Results of the current study regarding proline contents depicted significant 

variation as compared to control and may guide to a probable mutation in the genes 

of above mentioned system. The mutated populations (5 Kr, EMS 16 and 32 mM) 

exhibited elevated levels of proline as compared to control counterpart thus 

providing the scope for selection of desirable variants (i.e. thermotolerant 

individuals). 

The significance of several techniques to assess the stress response has been 

fairly well elucidated and usefulness of some of these techniques in screening has 

been validated (Senthil et al., 2003a). Since the stress responses include several 

mechanisms and multigene-regulated, it is desirable to adopt and validate a 
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technique that reflects overall cell metabolism. A technique, which reflects survival 

and recovery growth of plants exposed to stress, can be a potential tool to screen 

for stress tolerance (Srikanthbabu et al., 2002). In addition to this, heat stress 

tolerance is also quantified by mitochondrial electron transport activity, which is 

determined through reduction of TTC (2, 3, 5-triphenyl tetrazolium chloride).The 

number of workers used his assay to differentiate the acquired thermotolerance of 

different genotypes (Krishnan et al., 1989; Yildiz and Terzi, 2008; Dhanda and 

Munjal, 2009). 

In the present study Triphenyl Tetrazolium Chloride (TTC) assay was 

carried out to identify cell viability. TTC reduction by seedlings during acclimated 

condition is an indicator of mitochondrial functioning which in turn reflects the cell 

viability (Kalina and Palmer, 1986). The decrease in cell viability resulting from 

high temperature may be attributed to uncoupling of the electron transport chain 

through disruption of inner mitochondrial membrane and inactivation of enzymes 

of the respiratory pathway. The results of this study are in agreement with the 

earlier reports in wheat by Porter et al. (1994); Sharma-Natu et al. (2007) and 

Yildiz and Terzi (2008), which showed a positive correlation between cell viability 

and thermo tolerance. It thus appears that in thermotolerant cultivars cell 

membrane may remains functional during heat stress and may assist plant to adapt 

to heat stress condition (Dhanda and Munjal, 2009). The test revealed that cell 

viability significantly increased in populations developed through EMS and gamma 

irradiation as compared to control in heat stress conditions. 

Plant water status is the utmost imperative variable under changing 

encompassing temperatures (Mazorra et al., 2002).The results in present study 
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depicted that the plants which are treated with mutagens have more ability to 

absorb water when transpiration rate were higher in heat stress conditions as 

compared to plants which are in control. Loss of cell water content occurs due to 

high temperature for which the cell size and ultimately the growth are reduced. 

Deterioration in net assimilation rate (NAR) is  another reason behind reduced 

relative growth rate (RGR) under high temperature however mutagen treatments 

enhances the capacity of more intakes of water and nutrients from soil to keep up 

turgidity and general plant vigor in stress conditions.  

 Results are similar in correspondence with the results of (Morales et al., 

2003) who stated that preconditioned (with mutagens) tomato plants with heat 

indicated a better osmotic adjustment and maintained leaf water potential than non-

preconditioned ones. Results are correlated with those of (Banon et al., 2004) in 

Lotus creticus elevated night temperatures caused a greater reduction in leaf water 

potential of water-stressed as compared to non-stressed plants.  Similarly, in tomato 

Morales et al. (2003) reported that heat stress disturbed the leaf water relations and 

root pressure driven conductivity. In general, during daytime higher transpiration 

induces water inadequacy in tomato plant, causes reduction in water potential and 

stimulating perturbation of numerous physiological processes (Tsukaguchi et al., 

2003).  

Results in present study showed decreased plant height with higher 

doses/concentration of physical and chemical mutagen and this might be due to 

reduced mitotic division in merisemetic tissues and reduced moisture content due 

to higher temperature stress. Similar results were noticed by Norfadzrin et al. 

(2007) that 600 and 800 Gy doses of gamma rays had adverse effects on 
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morphology of tomato and okra seedlings. The results of present study confirms the 

results reported by (Kon et al., 2007; Yaqoob and Ahmad, 2003; Al-Salhi et al., 

2004; Token et al., 2005) which showed that reduction in plant height of various 

plants after treating with high gamma ray doses.  

These are also confirmed by the findings of (Banerji and Datta, 1992) 

reduction in plant height of Chrysanthemum when irradiated with gamma rays 

doses of 20, 25 Krad. Pitirmovae (1979) justified that the lower doses of gamma 

irradiations has stimulating effect on growth of plants. This might be because of 

alteration of metabolic processes that affect synthesis of nucleic acids and 

stimulation of cell division.  

In present study tall plants than control (Rio Grande) were observed which 

can be the source of variants with increased plant height (plant growth) under 

elevated temperature. Dhakshanamoorthy (2010) conducted research on Jatropha 

curcas L. to induce variability  in growth parameters and identified that maximum 

plant height (118.33 cm and 105 cm) at maturity was recorded with a 5kr dose of 

gamma irradiation and 1% EMS respectively while minimum height was observed 

with a 25Kr dose of gamma rays (83 cm) and 4% EMS (81.33 cm). Which proves 

the gamma irradiations at lower concentration shows a stimulatory effect for plant 

height whereas EMS treatment in higher doses has inhibitory effect as compared to 

control. Similar findings were presented by (Ilyas and Naz, 2014) which showed 

increase in plant height by gamma irradiation treatments significantly as compared 

to control in C. longa. Regarding the physical mutation study  by Wi  et al. (2007) 

a theory was introduced that low dose irradiation will induce growth stimulation by 

changing the hormonal signaling  network in plant cells by increasing the anti-
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oxidative capacity of the cells. A research study conducted by Jabeen and Mirza 

(2004) on Capsicum annum to create genetic variability in plant height by using 

EMS, also support the results of the present study.  

In present study, with increasing level of gamma radiations and EMS there 

was a decrease in the internodal length and ultimately plant height. The findings of 

(Motilal et al., 2012) are harmonized with the results of the current study. He 

explained that there was a decrease in inter node length with the increase dose level 

of EMS in Asteracantha longifolia L. Significant effect of high temperatures on 

shoot development is an extreme reduction in the main internode length bringing 

about premature plant death (Hall, 1992).  

Lower values of leaf area observed in gamma irradiation treatments in this 

study may be due to increasing sensitivity of seeds after gamma irradiation 

exposure. It might be because of reduced level of endogenous growth hormones, 

such as cytokinins, which ultimately result of breakdown or lack of synthesis 

(Kiong et al., 2008). The increase in leaf area reported in present study might be 

due to the nitric oxide molecules which affect the amount of radiation intercepted 

by the plant and thus the productivity of crop by promoting leaf expansion and 

simulative influence on cell and cell division (Wendehenne et al., 2001). Increase 

in leaf area is essential because it determines the rate of plant photosynthesis, 

capacity expansion that results higher yields. Increasing leaf area does not mean in 

only increasing the ability of plant to capture light but also changing its growth and 

maintenance process. The results of present study regarding leaf area were in 

concurrence with the results of Pakorn et al., (2009) which confirmed that leaf area 

in Anubia scongensis reduced with the increasing intensity of irradiation due to 
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damage of genetic material and decline of cell division and ultimately stunted 

growth. Moreover, Jabeen and Mirza (2004) recorded that, leaf area decreased with 

the increase in doses of ethyl methane sulphonate (EMS). Shahin et al. (2011) 

testified that a dose range of 5-10 gray produced maximum leaf area in grapes 

cultures and at 30 Gy gave lowest leaf area. Numerous influences, such as 

biochemical influences were involved in the enlargement of leaves and cells. 

Photosynthetic pigments can be injured by gamma irradiation, with simultaneous 

loss of photosynthetic capacity (Kiong et al., 2008).  

The sensitivity response of soybean to gamma radiation was reported by 

Alikamanoglu et al. (2010) and found that aggregate chlorophyll content 

diminished up to 81.36 % at 400 Gy and 80.91 % at 500 Gy gamma beams. 

Moreover, Borzouei et al. (2010) assessed the chlorophyll content in irradiated 

seedlings of wheat and reported that aggregate chlorophyll expanded 64.5% at 100 

Gy, which can be corresponded with stimulated development. It has additionally 

been shown that chlorophyll content of gamma irradiated wheat seedling showed a 

slow decrease at 200 Gy dose (Borzouei et al., 2010). These results are in 

agreement with the results of present study. 

Consequences were also in harmony with the findings of Jitendra et al. 

(2012) who using gamma radiation and EMS in Safflower reported increased 

chlorophyll a and b contents with decrease in mutagens dose. Moreover exposure 

to high temperature induced chlorophyll loss, led to marked decline in the 

photochemical efficiency of PSII and caused considerable degradation of Rubisco 

in plant leaves. Plants with lower doses of mutagens shows protective response to 

heat stress, which involves structural alterations in the photosynthetic apparatus as 
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compared to higher doses. Prolonged irradiations damage to reaction centers is 

usually followed by chlorophyll loss (Krause, 1988). Exposure of leaves to higher 

temperatures causes inhibition of both photosynthesis and respiration hence during 

the vegetative stage chlorophyll content degradation ultimately lowers 

carbohydrate synthesis. The heat stress directly affects the heat sensitive sites, 

mainly oxygen evolving complex of photo system II and Rubiscoactivase. It leads 

to subsequent indirect effects, such as changes of the redox status of individual 

components on thylakoid membrane in chloroplast and increase in production of 

Reactive Oxygen Species (ROS). Frequency of chlorophyll deficient mutants 

increased with the increasing doses of both gamma radiation and EMS 

concentration which agreed well to the earlier findings of (Sakin and Sencar, 

2002). Chlorophyll development seems to be controlled by many genes located 

near the centromere and proximal segments of the chromosomes. Localized 

chromosome breakage by EMS treatment as reported by (Gustafsson, 1965) might 

be the reason of getting chlorophyll deficient mutants in EMS treatments.  

Reproductive growth of a plant is more sensitive to high temperature 

because fertility of plant is significantly reduced when temperature increases. The 

reason of low flower production might be, flower differentiation and development 

is inhibited by higher temperature which results in smaller ovaries in pistillate and 

bisexual flowers. Development of male gametophyte takes place in specialized 

organs of the flowers, the anthers, consisting of epidermis, endrocium, tapetum and 

connective tissues surrounding the sporogenous cells (Goldberg et al., 1993). 

Higher temperature can potentially interrupt tomato fruit set by causing injury to 

developing pollen grains. Hazra et al., (2007) summarized the symptoms causing 
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by which fruit set stoppage at high temperature in tomato; it concludes bud drop, 

irregular flower development, reduced pollen production, dehiscence and viability, 

ovule abortion and meager viability, less availability carbohydrate and other 

reproductive abnormalities occur. It is reported that heat shock proteins (HsfA2 and 

Hsp17-CII) are activated early on in the tomato diploid pollen mother cells prior to 

the microspores develop and that their expression is constant under extended HS 

conditions until mature dry pollen is formed. It is recommended that HsfA2 can be 

directly involved in the activation of defense mechanisms in the tomato anther for 

the period of HS and thus might contribute to tomato fruit set under unfavorable 

temperatures.  

Moreover, Sato et al. (2006) reported that under moderately elevated 

temperature the reduction of sink and source strength in tomato leads to a depletion 

in available carbohydrates at critical stages of plant growth. This leads to reduced 

fruits and other yield related parameters. Morphological traits which includes fruits 

and flowers number per plant, percentage of fruit set and fruit fresh weight were 

varied in heat resistant and heat susceptible tomato lines (Abdelmageed and Gruda, 

2007). Furthermore, stigma and stylar exsertion in response to high temperatures 

and reduced photosynthetic and assimilate translocation rates (Bar-Tzur et al., 

1985; Dinar and Rudich, 1985) may adversely affect fruit setting ability.   

Higher temperature can potentially interrupt tomato fruit set by causing 

injury to developing pollen grains. Hazra et al., (2007) summarized the symptoms 

causing by which fruit set stoppage at high temperature in tomato; it concludes bud 

drop, irregular flower development, reduced pollen production, dehiscence and 

viability, ovule abortion and meager viability, less availability carbohydrate and 
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other reproductive abnormalities occur. It is reported that heat shock proteins 

(HsfA2 and Hsp17-CII) are activated early on in the tomato diploid pollen mother 

cells prior to the microspores develop and that their expression is constant under 

extended HS conditions until mature dry pollen is formed. It is recommended that 

HsfA2 can be directly involved in the activation of defense mechanisms in the 

tomato anther for the period of HS and thus might contribute to tomato fruit set 

under unfavorable temperatures.  

So, it is concluded from present study and above discussion that the poor 

fruit set of tomato induced by high temperature stress is a major source of low yield 

in tropical and subtropical areas of the world. Hence, the use of physical and 

chemical mutagen may prove a useful tool for creating variations and provide a 

pool for future selections to improve yield and yield components in tomato crop 

even under elevated temperatures. 
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SUMMARY 

The cultivated tomato (Solanum lycopersicum L.) is the second utmost 

remarkable vegetable crop in the world in terms of consumption per capita and also 

traditional garden vegetable. All tomato species are diploid (2n = 2x = 24) and have 

the same chromosome number and structure. One of the most hereditarily 

considered higher plant species and an outstanding replica for basic and applied 

research. 

Tomato is usually produced during the summer season in all provinces of 

Pakistan. Fruit production is progressively dropped as the temperature rises by the 

end of the winter spell. In summer due to high temperatures, tomato production 

almost ceases and shortage of tomatoes is common. During the growing season 

extreme temperatures have been reported to be inauspicious to vegetative and 

reproductive growth and ultimately to yield (Hall, 1992; Hussain et al., 2006; 

Singh et al., 2007). In tomato, significant increment in flower drop leads to 

substantial decline in fruit set at high temperatures, during reproductive growth and 

development and accordingly fruit yield reduced to a huge amount (Hanna and 

Hernandez, 1982; Berry and uddin 1988). The reproductive part of the flower is 

negatively affected at elevated temperature. Poor pollen germination, stigma tube 

elongation, poor pollen tube growth and carbohydrate stress are the main reasons 

for poor fruit set at high temperature in tomato. Under these circumstances, there is 

a necessity to develop varieties that can withstand to high temperature stress to 

sustain tomato production during the warmer months. 
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Before embarking upon breeding   programme   aiming at the development 

of heat tolerant cultivars, information regarding the extent of genetic variability and 

association of various characters conferring heat tolerance is necessary. The main 

working hypothesis of the study was that mutation breeding may help to create 

variants in least time easily and from this pool of variants, thermo-tolerant 

individuals may be identified. 

Thirty six hundred seeds of tomato variety "Rio Grande" were mutagenized 

with various levels of chemical mutagen (EMS) i.e. (4mM, 8, 16, 24, 32, 40, 48, 56 

and 64Mm) in the laboratory of Department of Horticulture in Arid Agriculture 

University, Rawalpindi. Another set of thirty six hundred seeds were irradiated 

with different doses of physical mutagen (gamma irradiation) i.e. (5Kr, 10, 15, 20, 

25, 30, 35, 40 and 45Kr) in the laboratory of NIFA (Nuclear Institute of Food and 

Agriculture) Peshawar, Pakistan. A set of four hundred seeds were taken as control. 

 The germination percentage (%) of mutagenized populations and non-

treated plants were calculated by dividing the number of germinated seeds with the 

number of total treated seeds in each treatment. The lethal dose (LD) in each 

treatment was determined by calculating the survival rate of the plants: 100 – (the 

frequency of M1 seedlings was divided by the frequency of control seedlings). 

Results of different levels of physical and chemical mutagens showed that 

germination percentage is decreased as the dose/concentration of mutagen 

increases. Chemical mutagen (EMS) concentrations of 4, 8, 16 and 24mM and 

physical mutagen (gamma irradiation) 5 and 10Kr were suitable for seed 

germination. The concentrations of EMS above 24mM and doses of gamma 
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irradiation above 10 Kr proved to be the most lethal, on the other hand 

concentration of EMS 4 mM the least lethal, among all treatments. 

The survivors were then transferred into field to raise M1 populations. 

These M1 populations were examined for different traits at different growth stages 

of plant life-cycle. Such as thermo-tolerance traits (Cell membrane stability index, 

cell viability, proline content and relative water contents) morphological traits 

(plant height, chlorophyll contents, number of branches, leaf area and internodal 

distance) reproductive traits (number of flowers/cluster, number of fruits/cluster, 

number of cluster/plant and fruit set %) and fruit quality related traits (fruit length, 

width, size, weight, firmness, TSS, number of locules, blossom end rot and 

puffiness).   

It was concluded that M1 populations developed through EMS (4, 8, 16 

mM) and gamma irradiation (5 kr) were significant in traits related to thermo-

tolerance, morphology, reproductive and fruit quality but EMS 16 mM and 5 kr 

were vigorous among all. Seeds were extracted from mutagenized M1 populations, 

which showed enhanced performance in all traits as compare to control.  

Thirty seeds from each treated M1 population were sown to raise M2 

population in field conditions. The germinated and survived plants of M2 

population were experimented for same traits used for M1 population.  Results 

obtained from M2 population showed that mutagenized populations from EMS (8, 

16 mM) and gamma irradiation (5kr) had significant traits related to thermo-

tolerance vegetative, reproductive and fruit quality as compared to control.  

 Eight plants (Total   24 variants) from each population (EMS 8 and 16 mM 

and gamma irradiation 5 kr)  with control were selected on the basis of enhanced 
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proline concentration and named as M3P1, M3P2 up to M3P24 (M3 denotes 

mutagenic population 3 and P1 = Plant 1). Three seeds of each selected plant were 

taken to raise M3 population. Seedlings were grown at 3-4 leaf stage and induce 

temperature stress at 38 ºC for three hours. These seedlings were then placed at 

recovery temperature (room temperature) followed by high temperature induction 

at 45 ºC for two hours. Samples of leaves were collected and freeze at -80 ºC for 

DNA polymorphism. Fifteen polymorphic Simple Sequence Repeats (SSR) were 

utilized to amplify genomic DNA and as well as to assess the genetic diversity 

among screened tomato variants. 

Genetic diversity among 24 tomato variants with control was assessed by 

dendrogram. The dendrogram mainly contains 4 clusters. Control was un-clustered. 

Cluster I contains variants (M3- P19, M3-P11, M3-P3, M3-P2 ). Cluster II contains 

variants (M3-P17, M3-P1, M3-P9, M3-P13, M3-P5, M3-P21, M3-P12, M3-P4 and 

M3-P20). Third cluster contains variants (M3-P16, M3-P8, M3-P24, M3-P18, M3-

P10, M3-P14, M3-P6 and M3-P22). Fourth cluster contains (M3-P23, M3-P15 and 

M3-P7). 

On the basis of results obtained from all above experiments it is concluded 

that concentrations (8 and 16mM) of chemical mutagen (EMS) and dose of 5kr of 

physical mutagen (gamma irradiation) are suitable to create mutations in tomato 

variety "Rio Grande". Twenty four variants are identified with enhanced 

thermotolerance. These variants proved genetically distant from parent “Rio 

Grande". This study adds to the on going efforts to increase thermotolerance in 

tomato under high temperature stress conditions. 
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FUTURE WORK RECOMMENDATIONS 

Developed germplasm of thermotolerant variants can serve as raw material 

for breeding programs. Now these variants need to be observed for thermotolerance 

and fruit yield and quality characteristics for the next few years. 
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Annex I: Mean performance of thermotolerance traits of different populations raised from physical and chemical mutagens on tomato 

variety "Rio Grande" during 2014. 

 

 

  Significant at 5% level of probability 

Treatments Plant Height  

(cm) 

Leaf Area  

(cm
2
) 

Chlorophyll 

content (%) 

Internodal 

distance (cm) 

No. of branches 

Control 55.63±0.11 95.95±0.14 55.45±0.10 4.63±0.01 7.33±0.1 

Gamma irradiation 5kr 71±1.63 133.15±0.60 61.48±0.38 6.03±0.18 9.5±0.38 

EMS 8mM 73.12±1.05 159.49±0.63 58.03±0.28 6.18±0.10 12±0.32 

EMS 16Mm 69.28±1.30 143.53±0.42 61.46±0.41 5.83±0.16 10.68±0.39 
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Annex II: Mean performance of morphological traits of different populations raised from physical and chemical mutagens on tomato 

variety "Rio Grande" during 2014. 

 

 

 

 

 

 

Significant at 5% level of probability 

 

Treatments No. of Flowers/cluster No. of fruits/cluster No. of cluster/plant Fruit set % 

Control 4.68±0.10 3.37±0.11 7±0.18 71.67±1.9 

Gamma irradiation 5kr 5.10±0.16 4.5±0.13 14.3±0.4 88.82±2.39 

EMS 8Mm 5.24±0.17 4.28±0.18 13.4±0.55 82.19±3.14 

EMS 16Mm 5.48±0.18 4.56±0.24 12.2±0.46 83.15±3.73 
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Annex III: Mean performance of reproductive traits of different populations raised from physical and chemical mutagens on tomato variety 

"Rio Grande" during 2014. 

 

Significant at 5% level of probabilit 

Treatments Fruit 

length 

(cm) 

Fruit width 

(cm) 

TSS 

 

(Brix) 

Fruit Size Fruit weight 

(g) 

Fruit 

Firmness 

(N) 

No. of 

locules 

Blossom 

end rot 

Puffiness 

appearance 

Control 5.9±0.032 4.53±0.01 3.77±0.02 5±0.02 63.95±0.32 2.63±0.08 4.68±0.10 5.48±0.3 5±0.3 

Gamma 

irradiation 5kr 

4.77±0.03 4.81±0.03 4.04±0.05 6.25±0.21 88±1.06 3.21±0.13 3.32±0.14 3.4±0.18 3±0 

EMS 8mM 5.92±0.06 5.31±0.04 3.59±0.08 5.84±0.17 78.9±1.71 2.87±0.08 3.32±0.14 3.88±0.2 3.88±0.2 

EMS 16Mm 5.88±0.04 4.74±0.03 4.58±0.07 5.2±0.26 70.96±1.82 2.64±0.04 3.04±0.14 3.4±3.4 3.72±0.19 
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Annex. IV: Mean performance of fruit quality traits of different populations raised from physical and chemical mutagens on tomato variety  

"Rio Grande" during 2014 

 

Significant at 5% level of probability 

Treatments Fruit 

length 

(cm) 

Fruit width 

(cm) 

TSS 

 

(Brix) 

Fruit Size Fruit weight 

(g) 

Fruit 

Firmness 

(N) 

No. of 

locules 

Blossom 

end rot 

Puffiness 

appearance 

Control 5.9±0.032 4.53±0.01 3.77±0.02 5±0.02 63.95±0.32 2.63±0.08 4.68±0.10 5.48±0.3 5±0.3 

Gamma 

irradiation 5kr 

4.77±0.03 4.81±0.03 4.04±0.05 6.25±0.21 88±1.06 3.21±0.13 3.32±0.14 3.4±0.18 3±0 

EMS 8mM 5.92±0.06 5.31±0.04 3.59±0.08 5.84±0.17 78.9±1.71 2.87±0.08 3.32±0.14 3.88±0.2 3.88±0.2 

EMS 16Mm 5.88±0.04 4.74±0.03 4.58±0.07 5.2±0.26 70.96±1.82 2.64±0.04 3.04±0.14 3.4±3.4 3.72±0.19 
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