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1. INTRODUCTION 

An increasing population is associated with an increase in demand for food but 

the food production is not enough to feed the growing population. Global warming and 

associated heat stress due to climate change is a major threat which affects crop 

production adversely (Ainsworth and Ort, 2010). The global climate change models 

predict an increase of 2°C daily mean temperature between the year 2046 and 2065 and 

3.7°C by 2100 (IPCC, 2013). This climate change is expected to affect the world of today 

in many ways, including the extinction of species that cannot escape their environment 

and a decrease in food productivity. 

Tomato (Solanum lycopersicum L.) is considered as an important and economic 

vegetable crop worldwide native to South America. It belongs to the Solanaceae family 

that encompasses several other crops, such as potato, eggplant and pepper. The genus 

Solanum includes annual or short-lived perennial herbaceous plants. It is a typical day 

neutral plant and is mostly self-pollinated crop. It is a warm season crop reasonably 

resistant to heat and drought and grows well under a wide range of soil and climatic 

conditions. It is an excellent source of carotenoids, precursor of essential vitamins and 

antioxidants, lycopene, α- and β- carotene, lutein, zeaxanthin and cryptoxanthin. 

Lycopene constitutes about 80–90 per cent of the total carotenoid content of red ripe 

tomatoes (Shi and Le Maguer, 2000). It is the most efficient antioxidant among 

carotenoids through its scavenging activity of singlet oxygen and peroxyl radicals 

(Mortensen and Skibsted, 1997; Sies and Stahl, 1998). The limited caloric supply, 

relatively high fibre content and presence of minerals, vitamins and phenols such as 

flavonoids make the tomato fruit an excellent ‘‘functional food’’ providing many 

physiological benefits as well as for meeting basic nutritional requirements. 

Tomato is the second most consumed vegetable in the world after potato. The 

biggest tomato producers are found in Asia, which represents 60.3% of tomato 



production. India stands third in area and production of tomato (National Horticultural 

Board, 2018). Currently, most of the tomato producing agro-climatic regions of India and 

the world are facing the challenge of fluctuations in temperature conditions during tomato 

growing seasons (Ayyogari et al., 2014). Global warming and associated heat stress due 

to climate change is a major threat which affects the crop production adversely. The 

vegetables are more prone to abiotic stresses and approximately 50% loss in yield are 

recorded due to various abiotic stresses (Bray et al., 2011).  

 Even though tomato is the second highest in consumption, the rate of production 

and productivity are not up to the mark, mainly due to the destructive effect of heat stress 

associated with global climate change. Heat stress due to high ambient temperature is a 

deadly threat to crop production worldwide (Kaushal et al., 2016). The different stages of 

tomato such as germination and early growth with initial leaves (between 25-35 days), 

vegetative period (20-25 days), flowering (20-30 days), early fruiting (20-30 days) and 

mature fruiting (15-20 days) depends on environmental factors like air temperature, light 

condition, soil conditions and nutrients (Shamshiri et al., 2018). 

 The optimum temperature is between 25oC and 30oC during day time and 200 C 

during night in tomato (Camejo et al., 2005), and the daily mean temperature above 34oC 

is considered as thermal stress. Heat stress is the major abiotic stress in tomato with high 

potential impact on crop yield. Tomatoes are grown widely in tropical and subtropical 

regions where they often experience high temperature during fruit set. Temperature above 

threshold leads to deleterious effects such as flower abscission, decrease of pollen 

quality, abnormal growth, reduced fruit set. Tomato plants exposed to a high average 

temperature of 340C / 190C exhibit a flower drop of 34% and a decrease of fruit set up to 

71% (Hazra et al., 2009). 

Average global temperatures are increasing by approximately 0.5°C per decade. A 

2-4°C increase over the optimal (25°C) temperature adversely affects plant growth, 

flowering, gamete development, embryo development and seed germination. It inhibits 

the ability of pollinated flowers to develop into seeded fruit, inhibits fruit ripening and 



reduces yield. Heat stress becomes a major limiting factor for field production of 

tomatoes (Hamisu et al., 2016).  

A threshold temperature refers to a value of daily mean temperature at which a 

detectable reduction in growth begins. In tomato, for example, when the ambient 

temperature exceeds 35 C °, its seed germination, seedling and vegetative growth, 

flowering, fruit set and fruit ripening are adversely affected (Miller et al., 2001).  

Flowering phases is most sensitive to high temperature (38°C for 3 to 4 h) during 

meiosis and fertilization (Iwahori et al., 1965). Failure of fertilization after exposure to 

heat mainly affects pollen germination, pollen tube elongation, pollen and ovule 

production and their viability, pollen dehiscence, pollination effectiveness and stigma 

exertion (Firon et al., 2006; Saeed et al., 2007).   

In Kerala, during the last ten years the annual mean minimum temperature has 

increased by 0.5oC. The study aims to evaluate the performance of cultivars under study 

to heat stress and find the genotype adapted to cultivate under high temperature 

conditions with desirable characteristics. The aim of the study also includes identifying 

traits that could be used to improve the high temperature tolerance in tomato. 
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2. REVIEW OF LITERATURE 

Solanum lycopersicum (2n=24) is an important vegetable crop under Solanaceae 

family which is cultivated under tropical and subtropical regions all over the world. It is a 

warm season crop requiring temperature from 15 to 30oC. This crop has a good potential 

to be cultivated everywhere and under different conditions but it faces lots of problems 

due to chances of incidence of different abiotic stresses nowadays (Faruq et al., 2012) as 

it influences fruit set of majority of crops including tomato (Marine et al., 2017). It is a 

warm season crop which requires temperature from 15 to 30oC. Tomato is the second 

most important vegetable used throughout the world after potato. Tomatoes are important 

part of human diets and they contain about 94% water, 2.5% total sugars, 2% total fibre, 

1% proteins, and other nutritional compounds (acids, lipids, amino acids, and 

carotenoids) ( Koh et al., 2012). Fresh fruits of tomato are in great demand round the year 

throughout the country. They are good source of potassium, folate, vitamin E, soluble and 

insoluble dietary fibers and rich source of lycopene and ascorbic acid (Kaur and Kapoor, 

2008). 

According to the reports of Intergovernmental Panel on Climatic Change (IPCC, 

2012), the global mean surface air temperature has increased by 0.5°C in the 20th century. 

It is further expected to increase by 1.5–4.5°C by the late 21st century. AVDRC reported 

that under tropical environments tomato plants are exposed to enhanced high temperature 

situations during the different growing season. Climatic analysis of areas where tomato is 

grown predicts hike in temperature both its intensity and quantity above normal 

temperature in the next decades (Bell et al., 2000). Any rise in temperature beyond a 

threshold level for a period of time can cause irreversible damage to plant growth and 

development and this is called as heat stress. An increase in temperature 10˚–15˚C above 

normal temperature can result heat stress (Wahid et al., 2007). Heat resistance refers to 

the capacity of the plant to develop and create economic production even in high 

temperatures.  



The optimum temperature for tomato growth is 250C to 30oC during day time and 

200C during night (Camejo et al., 2005). Temperature above 34oC causes heat stress 

(Ahmed et al., 2013). The temperatures above 260C during day and and 20oC during 

night causes adverse affects on fruit setting and temperature above 38oC during day and 

27oC during night completely stops fruit setting ability (Stevens and Rudich, 1978). The 

impacts of heat stress depend not only on the degree of temperature rise, but also on the 

duration of the temperature stress or degree days (Mesihovic et al., 2016). An exposure to 

temperature of 32°C for a few hours is not the same when exposured of the same 

temperature for several days. The effects of heat stress differ depending upon the 

developmental stage of a plant at the time of stress condition. Zinn et al. (2010) reported 

that reproductive stage in plant is more sensitive to high temperature than compared to 

the vegetative growth stage of tomato. 

The vegetables are more prone to abiotic stresses and approximately 50% loss in 

yield is recorded due to various abiotic stresses (Bray et al. 2011). Under heat stress, the 

basic physiological processes, such as photosynthesis, assimilate partitioning, growth and 

development are affected significantly (Bokszczanin et al. 2013). High temperatures 

during reproductive stage causes significant flower drop in tomato (Hanna and 

Hernandez, 1982) and further reduces fruit set (Bhandari et al., 2017). The flower, plant 

reproductive part is adversely affected. The poor fruit set under high temperature in 

tomato are mainly caused by stigma tube elongation, poor pollen germination, poor 

pollen tube growth and carbohydrate starvation of pollen. 

Mittler (2012), studied how plants behaved to high temperature by altering the 

cell membrane fluidity (1). The changes in cell membrane fluidity causes activation of 

calcium channels (2). The intake of calcium into the cell produces a transduction signal 

causing the reactive oxygen species (ROS) production and the transcription factor 

activation (3). Among these transcription factors, the heat shock factors (HSFs) are found 

prominently (Scharf et al., 2012). They induce the production of heat shock proteins 

(HSPs), which have the key role in the heat shock regulation (HSR) mechanism. HSPs 

are able to re-organise denaturated proteins that are produced under high temperatures 



and also to prevent protein aggregation (Vierling, 1991). Along with the accumulation of 

HSPs and ROS, specific metabolites are also accumulated under heat stress, such as 

antioxidants and osmolytes (Wahid et al., 2007) (4). ROS are pivotal messengers of the 

stress signalling cascade, but they are harmful for the cell, since they are very reactive 

and can induce lipid peroxidation and membrane oxidation (Driedonks et al., 2015). 

Hence, the antioxidant production that have ROS scavenging properties are essential to 

maintain ROS homeostasis.  

Heat tolerance is administered by additive and non-additive genes (Solieman et 

al., 2013; Gabry et al., 2014). Heat tolerance is a complex character to understand in 

genetics (Bhattarai et al., 2016). The abiotic stress tolerance can be improved by the 

detoxification of ROS, in tomato melatonin play an important role in protecting 

photosynthetic apparatus through detoxifying ROS species (Martinez et al., 2018). In 

general, tomato production that is resistant to heat is extremely required. 

Heat stress tolerance is not an easy character to enhance because of its low 

heritability and sensitivity to the surrounding environment (Vilareal et al., 1978; Hazra et 

al., 2009). Heat tolerant plants can be developed by the combined accumulation of heat 

tolerance from the yield attributing traits which are developed by the indirect selection in 

generations (Bhattarai et al., 2016). An ellaborated study of the effects and impact of heat 

stress is crucial in understanding the impact of climate change and climate variability on 

crop production. 

5.1. EFFECT OF HEAT STRESS ON PHENOLOGICAL AND 

MORPHOLOGICAL PARAMETERS 

Temperature is an important environmental factor that influence crop growth, 

development and yield. Heat stress effects series of processes including morphology, 

physiology, growth, development, yield and quality of crop. Heat stress due to high 

temperatures is a serious problem to crop yield throughout the world (Hall, 2001). 



Heat stress has been considered as one of the most harmful factor that causes 

changes in biochemical, morphology, and physiology aspects of crops that reduces 

normal plant growth especially in tomato (Thomas and Prasad, 2003; Wahid et al., 2007). 

When temperature is high, cellule injury and death may happen that cause disturbance in 

cellular structure (Schoffl et al., 1999). 

High temperature influences anatomy of plants at tissue, cellular and sub-cellular 

levels which cause low crop growth and yield (Wahid et al., 2007). Some causes closure 

of stomata and loss of water, diminished cell size, enhanced stomatal number and higher 

number of root and shoot xylem vessels (Anon et al., 2004). 

The life cycle of crop are susceptible to high temperatures, fruit set and flowering 

are highly sensitive stages; fruit set is influenced by temperatures above 20˚/26˚ C 

day/night in a small rate and is highly influenced above 26˚/35˚C (Baker and Reddy, 

2001). Studying changes in phenology of crop resulted by heat stress can give 

information of the crop and stress atmosphere interaction (Wollenweber et al., 2003; 

Howarth, 2005). When crop is under stress the intensity of problems faced by plant is 

different and are depending to their growth stages (Wollenweber et al., 2003). 

Flower production is reduced in all the genotypes under high temperature stress 

condition. Floral characters were strongly associated with fruit characters and yield. 

Results of experiment clearly indicated that fruit setting ability in the genotypes was 

reduced in high temperature condition and genotypes responded varyingly showing 

their respective tolerance or susceptibility to high temperature stress. Failure of pollen 

release will prevent fruit set inspite of the pollen viability (Singh et al., 2015).  

Phenological development control the plant growth and productivity (Awal and 

Ikeda, 2003a). Days to flowering, fruiting and maturity of crop are the important 

phenological factors which determine the productivity of a crop. Temperature plays a 

major role in phenological development and productivity of crop plants. High 

temperature influences crops to mature early but under high CO2 concentration 

duration of crop are extended.  



Polyhouse climate influenced the crops to open flower and mature of fruits 

faster than open field (Nagalakshmi et al., 2001; Cheema et al., 2004; Kang and Sidhu, 

2005) due to the increment in required heat unit of the crops (Awal and Ikeda, 2003b) 

grown inside the polyhouse. It is reported that the development rate in peanut toward 

emergence, flowering and podding was positively linked with soil temperature (Awal 

and Ikeda, 2002). Total fruit bearing period was extended under polyhouse. Hence total 

number of fruit harvests was more in polyhouse than open field (Pandey et al., 2004). 

Heat stress before anthesis period shows developmental alterations and diorders in 

the anthers, epidermis and endothecium, stromium opening and poor pollen formation 

(Sato et al., 2002). Hazra et al. (2007) proved that in tomato, the fruit set failure at high 

temperatures are due to bud drop, abnormal flower growth, poor pollen formation, poor 

viability, abortion of ovule and reduced carbohydrate presence. Moreover, it causes 

photosynthesis inhibition at temperatures above optimum, causing remarkable yield 

reduction. Intense heat stress (45˚C, 20 min) in tomato leads to programmed cell death 

(PCD) in terms of DNA fragmentation, cytochrome c release, and activity of special 

enzymes like caspase (Qu et al., 2009). The reproductive structures in a crop have higher 

susceptibility to heat stress than compared to vegetative structures (Ruan et al., 2010; 

Zinn et al., 2010).  

Tomato production under high temperature more than the optimum temperature 

has got adverse effects on plant growth (Zhang et al., 2014) and will decrease 

productivity. Basic physiological process adversely affected under high temperature are 

photosynthesis, assimilate partitioning, growth and development (Bokszczanin et al., 

2013). Under heat stress condition, source and sink activities reduction occur leading to 

severe reductions in growth, economic yield and harvest index. Assimilate partitioning, 

occur via apoplastic and symplastic pathways, under high temperature has significant 

effects on transport and transfer processes in plants (Taiz et al., 2015). Giri et al. (2017), 

studied that in tomato plants temperature above 350 C result in reduced shoot dry mass, 

root dry mass, total dry mass and root:shoot ratio. Tomato production under temperature 



greater than the optimum temperature has adverse effect on plant growth (Zhang et al., 

2014) and will decrease yield (Sato et al., 2006).  

Nafees et al. (2019) conducted an experiment to study influence of temperature 

on germination of tomato seeds. Germination rate at 40oC was negligible than those at 

10oC. To improve the germination under 40oC, seed priming treatment was done and 

superoxide dismutase (SOD) and protein were estimated. Increased SOD activity is an 

indicator of the stress tolerance capacity of a plant (Vaktabhai and Kumar, 2017). It is 

suggested that priming of seed could improve the stress tolerance capacity in tomato. The 

increase in the protein content in tomato leaf, obtained from primed sets are due to the 

overall growth of the crop (Vassilevska-Ivanova and Tcekova, 2002). Miller et al. (2001) 

clarified that heat stress higher than 35˚C became a threat for germination of seed, 

vegetative growth and seedling, flowering stage, fruit set and ripening in tomato. 

Positive day and night temperature differences (DIFs) enhances leaf 

photosynthesis and root dry matter accumulation, root activity and nutrient uptake which 

promote tomato growth. Negative DIFs negatively affect tomato growth. Root activity 

and Pmax are correlated with Low Molecular Weight Organic Acids secretion 

(LMWOA) by tomato roots. Oxalic acid is the main organic acid secreted by tomato 

roots. Positive DIFs facilitate secretion of oxalic acid, formic acid, malonic acid, lactic 

acid, acetic acid and propionic acid by tomato roots, whereas negative DIFs facilitate 

secretion of malic acid, citric acid and propionic acid. Total LMWOA concentrations 

under positive DIFs are significantly higher than under 0°C DIF in the flowering and fruit 

setting stages, while negative DIFs significantly decrease total LMWOA concentrations 

in the mature stage compared with 0°C DIF(Yang et al., 2016). 

Tomato crop has HSPs for promoting resistance to heat stress. The resistance 

resulting from HSPs causes improved physiological parameters including photosynthesis, 

better use of water and nutrient, and integrity of membrane (Camejo et al., 2005; Ahn and 

Zimmerman, 2006; Momcilovic and Ristic, 2007). These developments cause tomato 

growth to be possible under heat stress situation. 



Heat-tolerant tomato genotypes are reported to have the ability to fruit set at 

higher temperatures than sensitive types (AVRDC, 2001). Heat tolerance in tomato was 

studied by Saeed et al. (2007), data indicated that among the genotypes, Cchaus was the 

best, followed by 2413L with greater tolerance to heat stress showing high membrane 

thermostability and lowest number of flowers shed producing highest fruit yield during 

high temperature conditions. Positive association of fruit yield with membrane 

thermostability but negative with number of flowers shed, stigma tube elongation and 

antheridial cone splitting. 

5.2. EFFECT OF HEAT STRESS ON REPRODUCTIVE CHARACTERS 

The reproductive development is more sensitive to high temperatures than the 

vegetative growth in tomato (Geranova et al., 2016). Prasad et al. (2008), reported that 

heat stress negatively affects fruit set. The male gametophyte is sensitive to high 

temperatures, and the pistil and the female gametophyte are considered to be more 

tolerant (Zinn et al., 2010). The vulnerability of anthers is more than the female organs to 

temperature changes (Peet et al., 1998: Sato et al., 2006). With high day and night 

temperatures over optimum temperatures, the plant shows symptoms of irregular flower 

development, reduction in pollen production, pollen viability, fruit drop and ovule 

abortion all ultimately leading to decreased yield (Somraj et al., 2017). Chandola (2016) 

reported that the effect of temperature induction at seedling stage remains till maturity of 

plant and reflected in terms of morpho-physiological and biochemical parameters of the 

plant. 

Studies suggest that high temperature affects stigma tube elongation and cone 

splitting, resulting in poor pollen germination and poor pollen tube growth (Abdul-Baki 

and Stommel, 1995).  Peet et al., (1998) reported that heat stress affects meiosis and 

pollen germination, ovule development and viability of embryo style and stigmatic 

conditions, pollen grains number and endosperm development, pre-embryo and 

fertilized embryo influenced improperly by high temperature in tomato (Foolad, 2005). 

The changes in tomato anthers, including failure of anther dehiscence and tapetum 



development occur under heat stress 7-15 days before anthesis during the stages of 

pollen development (Sato et al., 2006) and during late pollen development shows 

irregularities in normal pollen and anther development. High temperature during 

reproductive development changes the morphology and structure of tomato flowers 

(Sato et al., 2002; Firon et al., 2006) and show significant flower drop later decreases 

yield. In tomato, reproductive processes like micro and megasporogenesis, pollen and 

stigma viability, pollen germination, stigma exertion, anthesis, pollination, pollen tube 

growth, fertilization, and early embryo development are highly susceptible to heat 

stress (Srivastava et al., 2012). Failure in these processes decreases self fertilization 

rate and increases early embryo abortion, leading to lower number of seeds or grains, 

thus limiting crop yield. The assessment of in-vitro pollen germination and tube growth 

when exposed the pollen to high temperature before germination is a screening tool for 

plant tolerance to temperature (Abdulbaki et al., 1995; Marine et al., 2017)  

5.3. EFFECTS OF HIGH TEMPERATURE ON PHYSIOLOGICAL 

PARAMETERS 

5.3.1. POLLEN VIABILITY (%)  

The pollens are highly sensitive to small changes in the environment, are used to 

study the plant behaviour under different temperature conditions (Hebbar et al., 2018). 

Pollen viability and pollen germination are physiological parameters sensitive to stress 

(Patel et al., 2014 and Singh et al., 2014). Pollen production and viability are susceptible 

to slight changes in temperature higher than the optimum levels (Thomas and Prasad, 

2003). A decrease in pollen production, release, viability, fruit set, and yield in tomato 

above optimum temperatures (Peet et al., 1998; Sato et al., 2000). Pollen viability, 

germination percentage decreased in moderate and high temperature environments, 

pollen germination reduced 13 times when the temperature increased moderately from 

optimum (Pressman et al., 2002).  Singh et al. (2005) conducted an experiment to 

evaluate twenty tomato genotypes for high temperature stress during kharif season in 

glasshouse condition with 44/23 0C day/night temperature. Data revealed that there was 



significant differences in pollen viability of different genotypes based on heat tolerance 

capacity. Significant reduction in fruit setting (%), stylar exertion rate (%), pollen 

viability (%), number of branches plant-1, fruit length and width, number of fruit plant-

1and weight indicated the reduced carbohydrate supply and carbohydrate transport 

pathway at specific development stages, reduced allocation of assimilates under high 

temperature stress compared with control temperature condition. 

The competition occur in the locular fluid of anther  for nutrients during high 

temperature stress, this small difference cause the irregularities in metabolic activities of 

microspores, which results in dead and fully nonviable pollen within the same anther 

locule (Carrico et al., 2017). Reduced carbohydrate production in anthers during heat 

stress causes poor pollen development and viability (Pressman et al., 2002). The 

genotypes with high pollen viability have high temperature tolerance than the sensitive 

genotypes under high temperature (Dane et al., 1991). The high temperature tolerance in 

the tomato can be correlated with the pollen viability under high temperature (Firon et al., 

2006). Xu et al. (2017) found that heat tolerant varieties produced flowers with high 

pollen viability under heat stress condition. Heat stress increases the accumulation of 

proline in tomato leaf tissues (Kuo et al., 1986), leading to the reduction of proline in 

reproductive tissues and thereby reducing the pollen viability (Abdelmageed et al., 2003). 

In kharif season, pollen viability and germination rates were less under high 

temperature in green house condition than in open field conditions (Vollenweider and 

Günthardt-Goerg, 2006). Due to the decreased starch content and decreased sugar content 

in pollen grains before anthesis time, pollen viability was severely affected (Pressman et 

al., 2002). The temperature induced changes in the transcriptomic and proteomic profiles 

gives idea of pollen thermo-tolerance mechanism (Frank et al., 2009). The total number 

of pollen and the percent viable pollen are two independent pollen quality traits, and the 

product of both total number of pollen per flower and pollen viability percent provide the 

degree of thermo tolerance, and there is no correlation between two traits (Marine et al., 

2017). The pollen germination and pollen release properties are important for the fruit set 

ability under high temperature. The pollen germination or pollen release failure can stop 



fruit set even if the pollen is viable (Sato et al., 2000). Male gametophytic pollen 

tolerance of tomato genotypes to high temperature stress are possible using the pollen 

viability as a screening tool (Muller et al., 2016; Marine et al., 2017). 

ROS plays a role in the formation of viable pollen, during tapetum degeneration 

and pollen maturity ROS level in the anther will be at its maximum (Rieu et al., 2017). 

Heat hastens up-regulation of GST and APX gene in tomato anther and pollen, resulted in 

increased production of corresponding proteins, those show the thermo-tolerance 

mechanism (Fragkostefanakis et al., 2016). Ethylene play a vital role in pollen thermo-

tolerance, pollen from ethylene insensitive tomato mutants show higher sensitivity 

towards mild heat stress, while external application of ethylene before heat stress reduced 

the sensitivity and improved the pollen thermo-tolerance (Firon et al., 2012). The 

identification of tomato genotypes with high pollen viability under high temperature 

conditions forms a valuable key to study pollen thermo-tolerance mechanisms, but also 

helps to understand the underlying genetics and to breed for thermo-tolerance. Recently, 

a QTL study of pollen viability under high temperature has been carried out using a 

mapping population derived from CLN 1621L (tolerant) and CA4 (sensitive) tomato 

genotypes (Kardivel, 2010). In this study, QTL LOD scores for pollen viability were low, 

suggesting a high complexity of this trait, besides genetic factors many other factors may 

play a role. 

Stress before and after the anthesis causes a significant increase in floral 

abortion and lower seed setting rates in many grain crops. Exposure to high temperature 

stress during flowering resulted in pollen sterility and loss of seed set in legumes 

(Ahmed et al., 1992; Salem et al., 2007) and in cereals (Saini et al., 1984; Jagadish et 

al., 2014). Lower seed set under high temperature stress are caused by poor anther 

dehiscence, hence low pollen grains germination occur on the stigma, or decreases 

pollen viability. Short term exposure of high temperature stress can also influence 

pollen viability, seed set and grain growth (Prasad et al., 2006). Exposure to 

temperature of >37ºC for a period of 1 h during the flowering stage decreases seed set 

in rice (Matsui et al., 2000; Jagadish et al., 2010). Exposure to temperature of >33ºC 



for 6 h after anthesis decreases pollen viability and thus seed set rate in groundnut 

(Prasad et al., 2003). High temperature stress during flowering in soybean causes 

decreased pollen germination by degrading tapetal cells and programmed cell death. In 

addition to this in sorghum, high temperature stress increases pollen reactive oxygen 

species production and membrane damage, causing lower pollen germination potential 

(Prasad and Djanaguiraman, 2011). Prasad et al. (2002) reported pollen viability was 

more sensitive and more than 50 percent reduction in pollen viability was observed in 

plants grown at 370C/270C day/night temperature. Giorno et al. (2013) reported that in 

tomato, failure to set fruit are mainly attributed to the sensitivity of developing anthers 

and pollen grains. In both monocots and dicots, pollen heat sensitivity occurs under 

various levels of high temperature (Mesihovic et al., 2016). The pollen heat sensitivity 

occur from pollen meiosis to pollen mitosis I at a great extent (Rieu et al., 2017). 

Exposure to heat at microspore stage results microspore abortion, reduced number of 

pollen grains at anthesis and reduced proportion of mature viable pollen grains which 

are capable to germinate (Mesihovic et al., 2016). Paupiere et al. (2017) conducted a 

study in which genotypic differences in total pollen production under heat stress was 

studied in tomato accessions to high temperature. Each of the 17 genotypes of tomato 

was analyzed for their pollen quality under a 32°C (day) and 26° (night) conditions. 

The total number of pollen per flower and the rate of viable pollen were less for those 

grown under stress.  

Plant growth regulators in pollen release 

The plant growth regulator, stress hormone abscisic acid (ABA) accumulate in 

plants during several abiotic stress like heat, cold or drought (Vishwakarma et al., 2017). 

ABA regulate the osmotic stress signal transduction response and contribute plant stress 

tolerance through the up-regulation of stress-responsive genes (Fujita et al., 2011) and 

interaction with the sugar signalling pathway (Dekkers,  2008). Increase in ABA levels in 

the stamens are correlated with anther abnormalities and sterility (Singh and Sawhney, 

1998). Endogenous ABA is a stress-responsive signal induces pollen abortion by 

interrupting apoplastic sugar transport in the anther, both cold or drought sensitive wheat 



and rice anthers accumulate high levels of ABA and high levels of pollen abortion occur 

due to reduced sucrose transport and sucrose metabolism (De Storme and Geelen, 2014). 

5.3.2. CELL MEMBRANE THERMOSTABILITY (%) 

Electrolyte leakage measure under heat stress is useful for classifying genotypes 

based on heat stress tolerance by Blum (1988). An increase in percentage of electrolyte 

leakage are observed in stress sensitive genotypes indicating increased cell leakage 

through cell membranes (Chengkun et al., 1996; Karim et al., 1999). The cell membranes 

under stress maintain the role in respiration and photosynthesis. Heat stress increases the 

kinetic energy and motion of molecules in membranes, which lose chemical bonds in 

biological membranes molecules. This causes lipid bilayer proteins denaturation or a 

increase in fatty acids that are unsaturated (Savchenko et al., 2002). The stability and 

roles of biological membranes are susceptible to high temperature, as heat stress changes 

membrane proteins tertiary and quaternary structures. These changes increase the 

permeability of membranes and enhances loss of electrolytes. The enhanced solute 

leakage, as a result of diminished cell membrane thermo stability (CMT), has been 

applied as an indirect estimation of heat-stress resistance in different crop species, 

involving potato and tomato (Chen and Murata, 2002), soybean (Martineau et al., 1979), 

cotton (Ashraf et al., 1994), cowpea (Ismail and Hall, 1999), wheat (Blum et al., 2001), 

sorghum (Marcum, 1998), and barley (Wahid and Shabbir, 2005). Functions of cell 

membrane was affected by heat stress and electrolyte outflow significantly increased in 

the sensitive genotypes. Alsadon et al. (2015) classified the heat stress tolerance of 

tomato cultivars into three groups: heat tolerant, moderately heat tolerant and heat 

sensitive. Saeed et al. (2014) carried out an experiment to assess heat tolerance and 

correlation studies in tomato. Varieties with greater tolerance to heat stress showed high 

membrane thermostability and lowest number of flowers shed and produced highest fruit 

yield during hot period. Association of fruit yield was positive with membrane 

thermostability but negative with number of flowers shed, stigma tube elongation, 

anthredial cone splitting. High temperature also affects photosynthesis (Larkindale, 

2005), changes membrane fluidity and changes the overall balance of metabolic 



processes, leading to over-production of reactive oxygen species (ROS) and oxidative 

stress-induced damage (Song et al., 2005). 

5.3.3. TOTAL CHLOROPHYLL CONTENT (mg g-1 fresh weight) 

The photosynthetic parameters such as chlorophyll a: b proportion, chlorophyll 

and carotenoids levels reduced under heat stress (Morales et al., 2003; Wahid, 2007). 

Leaf chlorophyll content decreases significantly in stress (Manabendra and Baruah, 

2000). The efficient activity of photosynthetic apparatus is affected by short time 

exposure to high temperature (Camejo et al., 2005), the inactivation is related to the 

membrane integrity and carotenoid content of the plant (Gerganova et al., 2016). Total 

chlorophyll content decreases at high temperature compared to control temperature 

conditions, at 35oC the chlorophyll activity decreases and reduces efficiency of excitation 

energy capture by photosystem II (Lu et al., 2008). Loss of chlorophyll content is related 

with the grain filling ability due to its correlation with the leaf N status, photosynthetic 

capacity and RUBP carboxylase activity (Seeman et al., 1987).  

In tomato, delayed senescence is one feature of heat tolerance (Sharma et al., 

2014). Under heat stress conditions tomato genotypes cannot stay green due to decrease 

in chlorophyll a, chlorophyll b and carotenoid content and show premature chlorosis and 

withered leaves (Zhou et al., 2015). Reduced antenna pigment under stress condition 

results in decrease in chlorophyll content (Camejo et al., 2006). Heat injury symptoms 

according to Tikkanen et al. (2010) are related to the maximum quantum efficiency of 

PSII (Fv/Fm). 

5.3.4. PRESENCE OF STYLAR EXERTION 

In tomato, flowers with elongated stigma tube had low pollination and thus the 

yield per plant reduced significantly (Hanna and Hernandez, 1982). Therefore, the 

genotypes producing flowers with normal stigma tube under high temperature can 

produce high fruit yield. The stigma and style exertion under high temperature affect fruit 

setting ability (EL Ahmadi and Stevens, 1979). Under high temperature stigma tube 



elongation and antheridial cone splitting occurs in tomato (Peet et al., 1998). More style 

and stigma elongation in flowers reduced the pollen proximity to stigma in heat sensitive 

genotypes and reduce self fertilization (Alsamir et al., 2017). The exertion of stigma tube 

in tomato more than 1mm results in the reduction of fruit yield (Rudich et al., 1977). The 

genotypes producing flowers having no stigma exertion at high temperature are stable 

and produces high fruit yield (Saeed et al., 2007). The male and female gametes viability 

and degree of style protrusion are the important measure of reproductive success under 

high temperature (Bhattarai et al., 2016). The heritability of style exertion is relatively 

high (Levy et al., 1978). Singh et al. (2015) reported that under average day and night 

temperature of 38.4˚C and 19.7˚C respectively in tomato flower drop is highly associated 

with stylar exertion rate.  

5.3.5. PHOTOSYNTHETIC RATE  

 Photosynthesis is an important growth factor which is highly sensitive to 

heat stress (Allakhverdiev et al., 2008) and its assimilation rate decreases with every 

single degree rise of temperature after 300C where its rate is at its peak (Salvuccci and 

Crafts-Brandner, 2004). The photosynthetic rate and respiratory rate declines with hike in 

temperature and the photosynthetic rate declines faster than respiratory rate (Taiz and 

Zeiger, 2015). Plants differ with respect to their heat tolerance and in the threshold 

temperatures which they can survive and in all plants net photosynthetic rate decreased 

significantly when exposed to temperature greater than 38OC. The biochemical reactions 

of photosynthesis are affected which included irreversibly damaging RuBisCO, oxygen 

complexes, chloroplast ultrastructure, thylakoid membrane and PSII reaction centres. 

Any limitation in photosynthesis can reduce plant growth at high 

temperatures. Evaluation of tomato cultivars under two temperature set up (37/27 °C or 

37/22 °C day/night) showed that the tolerant cultivars showed higher photosynthetic rate 

under heat stress conditions in comparison to the heat sensitive ones (Abdelmageed and 

Gruda, 2009). 

5.3.1. Chloroplast structure: 



Exposure of tomato varieties at 30oC for 30 days showed changes in the leaf 

microstructure and chloroplast ultrastructure. The changes occuring in chloroplast under 

heat stress are disordering of chloroplast lamella, increased number of plastoglobulus, 

loss of grana stacking, swelling of grana and altered organization of thylakoids (Yoshioka 

et al., 2010). Photochemical reactions in thylakoid lamellae and carbon metabolism in the 

stroma of chloroplast are the important site of injury at high temperatures. Zhou et al. 

(2015) observed swollen chloroplast, decomposed starch grain, destroyed chloroplast 

ultrastructure, increased plastoglobulus number and grana stalking in heat susceptible 

genotypes are more destructive under heat stress condition than tolerant genotypes. 

5.3.2. Photosynthetic apparatus: 

The decline of net photosynthesis rate at high temperature is due to the changes in 

the structural organisation of photosynthetic apparatus. The changes of the thylakoid 

membrane under heat stress is directly associated to a decrease of photosystem II activity 

which is linked to the rate of photosynthesis (Yamamoto et al., 2008). Photosynthetic 

apparatus is very heat susceptible or sensitive and photosystem II is the most sensitive 

element of photosynthetic apparatus, and the damage to it is often the dangerous response 

under heat stress. PSII is highly thermolabile, and its activity is reduced or partially 

stopped under high temperatures, which may be due to the properties of thylakoid 

membranes where PSII is located (Bukhov et al., 1999; Guo et al., 2006). 

Heat stress results in the dissociation of oxygen evolving complex (OEC), causing 

an imbalance between the electron flow from OEC toward the acceptor side of PSII in the 

direction of PSI reaction centre. Heat stress causes dissociation of a manganese (Mn) 

stabilizing 33-kDa protein at PSII reaction centre complex followed by the release of Mn 

atoms which impair other parts of the reaction centre like the D1 and/or the D2 proteins. 

Damaged PSII units and loss of the oxygen evolution capacity resulted to a restricted 

electron transport (Sonoike, 2011). Hence the electron transport play a prevailing role in 

limiting photosynthesis at high temperatures.  

5.2.3. Chlorophyll content: 



Reasons for the reduced chlorophyll content under heat stress is associated to the 

decrease in chlorophyll content, lipid peroxidation of chloroplast and thylakoid 

membrane (Camejo et al., 2006; Hortensteiner, 2009). Under stress condition the enzyme 

which form carbon-carbon and carbon-nitrogen bonds in the pyrrole ring of 

porphobilinogen i.e, 5-aminolevulinic acid dehydratase (porphobilinogen synthase) is 

inactivated leading to decrease in the chlorophyll content (Taiz and Zeiger, 2015). It is 

reported that in plants when high temperature is induced a reduction of chlorophyll 

content was observed (Balouchi, 2010; Reda and Mandoura, 2011) that is related either to 

impaired chlorophyll synthesis, due to an impaired activity of various enzymes 

responsible for biosynthesis of chlorophyll (Dutta et al., 2009), and/or to accelerated 

chlorophyll degradation. 

Total chlorophyll content decreases at low as well as high temperature compared 

to ambient temperature conditions. Exposure to 35oC, the chlorophyll activity decreases 

significantly due to the influence of temperature on the efficiency of excitation energy 

capture by photosystem II (Bacci et al., 1996). Pushpalatha (2008) observed that the 

chlorophyll content of plants grown at high temperature condition showed less 

chlorophyll content than the control ones. Rahbarian et al. (2011) observed that under 

stress condition chlorophyll a, chlorophyll b, total chlorophyll content and carotenoid 

content of chickpea reduced significantly, though heat tolerant genotypes showed higher 

values. Loss of chlorophyll content coincides with the grain filling in the crop due to its 

correlation with the leaf N status, photosynthetic capacity and RUBP carboxylase activity 

(Guendouz and Maamari, 2012).  

In tomato, delayed senescence is one of the traits of heat tolerance (Sharma et al., 

2014). Under heat stress conditions tomato genotype cannot stay green due to decrease in 

chlorophyll a, chlorophyll b and carotenoid content and it showed premature chlorosis 

and withered leaves (Mathur et al., 2011; Zhou et al., 2015). Porphyrins, particularly 

chlorophyll a content reduced with temperature at early stages (Camejo and Torres, 

2001). Reduced antenna pigment under stress condition results in decrease in chlorophyll 

content (Camejo et al., 2006). Heat shock decreases the number of photosynthetic 



pigments (Todorov et al., 2003), rubisco binding proteins (RBP), soluble proteins, and 

large and small subunits (SS) of rubisco in darkness, exhibiting their functions as HSPs 

and chaperones (Kepova et al., 2005). 

5.2.4. Stomatal closure: 

Under stress, maintenance of high transpiration rate maintained the leaf 

temperature status and protects photosystems from heat stress (Ilan et al., 1995). To avoid 

excess water loss from plant body stomata gets closed. This reduces the CO2 intake into 

plant body which thereby reduces photosynthetic rate (Killi et al., 2017). Leaf water 

status, leaf stomatal conductance and intercellular CO2 concentration is highly affected at 

heat stress, the reduction in the intercellular CO2 concentration due to stomatal closure 

under heat stress impaired photosynthesis (Rivero et al., 2014; Haworth et al., 2016).  

5.3.6. TRANSPIRATION RATE 

Plants when exposed to abiotic stresses during any stages of the life cycle have 

mechanisms to overcome such stresses including the production and accumulation of 

compatible solutes (Chen and Murata, 2008; Hayat et al., 2012) elevated transpiration 

rates that promote leaf cooling and more efficient photosynthesis. Stomatal conductance 

(Acatrinei et al., 2010) can be used to assess transpiration rates and estimate evaporative 

cooling. 

5.3.7. STOMATAL CONDUCTANCE 

 Stomatal regulation is a protective mechanism for heat tolerance in the heat 

sensitive group under heat stress in which both stomata and pores are regulated. The 

ability of plants to cool the leaf surface by increasing transpiration at high temperatures 

plays an important role in heat tolerance (Camejo et al., 2006; Sharma et al., 2014). The 

leaf temperature decreased more in the heat tolerant genotypes under heat stress, which 

indicated that the heat tolerant genotypes had better leaf cooling. The ability to maintain 

high rates of photosynthesis in the tolerant genotypes under heat stress showed a demand 

for higher stomatal conductance, which resulted in better evaporative cooling as 



compared to the heat sensitive group that was affirmed by the lower in-situ leaf 

temperature in the heat tolerant cultivars. Stomatal conductance and net photosynthesis 

are reduced by high temperature stress due to decreased Rubisco activase enzyme 

(Crafts-Brander and Salvucci, 2002; Morales et al., 2003). The small temperature hike 

did not influence the transpiration rate (E) both at peak fruiting and final harvest stages. 

But, the reductions in stomatal conductance (gs) were observed at both the growth stages. 

At peak fruiting stage, 1.5°C temperature increase caused 24% reduction and 1.7°C 

temperature increase at final harvest stage caused 32% reduction in the stomatal 

conductance (Mamatha et al., 2015). 

5.4.8. CHLOROPHYLL FLUORESCENCE 

Chloroplasts play a pivotal role in photosynthesis and is the most heat sensitive 

organelle (Junga et al., 2013). Heat stress decreased photosynthesis through alterations in 

the photosynthetic apparatus (Ogweno et al., 2008; Abdelmageed and Gruda, 2009). 

Among the photosynthetic apparatus, photosystem II (PSII) is regarded as the most heat 

sensitive element (Song et al., 2013). When plants are subjected to heat stress, the 

damage to PSII is the immediate response and this can reveal the primary effects of heat 

stress on plants (Mathur et al., 2011). The photochemical efficiency of PSII is measured 

with chlorophyll a fluorescence as an effective technique to detect damage in PSII (Baker 

and Rosenqvist, 2004; Baker, 2008).  

Chlorophyll fluorescence used as a tool to study the alterations of photosystem I 

and photosystem II activity (Gerganova et al., 2016). The ratio between variable 

fluorescence (Fv=Fm x Fo) and maximum fluorescence (Fm) or the maximum potential 

quantum efficiency of PSII (Fv/Fm) provides an estimate of the maximum quantum 

efficiency of PSII is the best tool to phenotype different tomato genotypes for heat 

tolerance (Zhou et al., 2015). When plants are subjected to abiotic stresses including heat 

stress a decrease in Fv/ Fm is observed (Willits and Peet, 2001; MolinaBravo et al., 2011; 

Sharma et al., 2012). The reason for the stress induced reduction in Fv/Fm is an increase 

in non-photochemical processes leading to a decrease in Fm and subsequent photo 



inactivation of PSII reaction centers, leading to an increase in Fo (Baker, 2008; Murchie 

and Lawson, 2013). Chlorophyll fluorescence is a physiological parameter that can be 

used to correlate heat tolerance. 

Under abiotic stress condition (heat stress), a decline in chlorophyll fluorescence 

were observed. Non-photochemical quenching under stress condition leading to decrease 

in Fm and the following increase in Fo, due to the photo-inactivation of PS II, is the main 

reason for the decline of Fv/Fm. It was observed that in tomato, Fv/Fm under control 

condition is higher than Fv/Fm under stress condition (Zhou et al., 2015). 

5.5. EFFECT OF HEAT STRESS ON QUALITY PARAMETERS 

Increasing temperature can alter tomato quality by changing the physical 

properties (size, colour, etc.) of the fruit also the flavour and nutritional quality. 

Elicitors are molecules which, at low concentrations, induce plant defence systems by 

promoting the synthesis of biologically active metabolites. The plant response induced 

by the application of an elicitor, can affect tolerance to other non-related abiotic or 

biotic stresses (cross-tolerance). The application of methyl jasmonate (MJ) (100 μM), 

salicylic acid (SA) (200 μM) treatments enhanced the value of the red/green colour 

component showing an enhancement of the tomato red colour. The application of 

certain compounds can be considered an effective tool for increasing tomato fruit yield 

and quality under high temperature conditions. (Hernández et al., 2015).  

Organic metabolite analysis under heat stress showed a significant reduction in 

citric acid, proline, aminobutyric acid, fructose, malic acid, myo-inositol and sucrose (%). 

The change in all metabolites was greater in heat tolerant genotypes with the exception of 

fructose and sucrose where sensitive genotypes produced a higher variation (Alsamir et 

al., 2017). L-proline was greater in tolerant genotypes under stress. Change in sucrose 

was lower in the tolerant genotypes than sensitive genotypes (Guo et al., 2018). Organic 

metabolites like glycine, betaine, proline and mannitol play a role in maintaining 

membrane integrity and scavenging reactive oxygen species (Wahid et al., 2007; 

Szabados and Savouré, 2010; Sharma et al., 2019). 



Physiological imbalances in stress-protective metabolites, such as carbohydrates, 

polyamines and proline occur under stress. These solutes are low molecular weight 

metabolites that are soluble in water and non-toxic at high concentrations. The 

compatible solutes include polyols, sugars, amino acids, betaines and some other 

compounds (Rhodes et al., 1993). Proline, glycine betaine and aminobutyric acid are 

compounds produced in response under high temperature (Chen and Murata, 2011; Slama 

et al., 2015).  

According to Tigist et al. (2013), an increase in soluble solid content was found 

in tomatoes grown at higher temperature compared to tomatoes grown at optimum 

temperature. The increase in temperature reduced the pH content of the fruits. The rate 

of lycopene synthesis was completely or partially inhibited at 32oC in fruits and 

temperatures of 30–350C drastically reduced the lycopene content, but not that of β-

carotene (Dumas et al., 2003). 

High temperature increases the soluble solid content in tomatoes (Hernandez et 

al., 2018). A temperature increase from 26 to 30˚C increases the amount of soluble 

solids, this is due to carbohydrate biosynthetic enzyme activity (Beckles, 2012). With the 

increase in temperature, soluble solids was found to be increased but with sink activities 

and soluble solids decrease with increase in respiration (Gautier et al., 2005). Citric acid 

and malic acid are main acids found in tomato fruit. Citric acid increased from maturation 

to end of post harvest life and malic acid decreased from maturation to end of post 

harvest life (Oms-Oliu et al., 2011). The amount of acid content was found to increase 

with the increase in temperature during growth in tomato fruit (Weerakkody, 2003). pH is 

inversely related with acid content. The other organic acids (ascorbic acid, 

dehydroascorbic acid, citramalic, shikimic, fumaric, isocitric, succinic, lactic, malic, 

saccharic, gluconic, gulonic andtartaric acids) other than titrable acids also contribute to 

pH content of the fruit (Oms-Oliu et al., 2011). With the increase in temperature, pH of 

the fruit content decreases (Weerakkody, 2003).  



Varietal difference was found in firmness (Moraru et al., 2004), dry matter (Anza 

et al., 2006; Moraru et al., 2004), soluble solids (Baldwin et al., 1991; Gómez et al., 

2001; Moraru et al., 2004), titrable acidity (Baldwin et al., 1991; Gómez et al., 2001; 

Moraru et al., 2004) and pH content(Gómez et al., 2001; Moraru et al., 2004). 

Shi and Maguer (2000) reported the inhibition of lycopene production at higher 

temperatures (38°C). Shivashankara et al. (2015) observed variations in different tomato 

genotypes for fruit quality parameters at high temperature. Increase in temperature 

increased TSS and titrable acidity but decreased total sugars, lycopene, and total 

carotenoids concentration in five genotypes of tomato (Lokesha et al., 2019). The sugars 

contribute to the total soluble solids content of tomato fruits (Selahle et al., 2014). TSS 

ranged from 4 to 6 °Brix in tomato fruits. The change in the glucose to fructose ratio and 

the organic acids content is the main cause for changes in the TSS changes in tomato. For 

the taste of tomatoes, TSS was reported as a beneficial indicator (Klunklin and Savage, 

2017). TSS increased in majority of the genotypes under temperature stress compared to 

control, which is supported by Shivashankara et al. (2015).  

Total phenols and total flavonoids content increased with increase in temperature 

in all the genotypes. However, the genotypes IIHR-2841 and IIHR-2202 showed a 

significant increase in total phenols content under high temperature stress compared to 

control (Lokesha et al., 2019). The phenolic substances have a protective role on ascorbic 

acid content (Toor and Savage, 2006) the presence of phenolics and flavonoids in tomato 

fruits helped to maintain the vitamin C level. A significant increase in total phenolic acids 

and flavonoids under high temperature were reported in strawberry (Wang and Zheng, 

2001) and also in other crops (Toor et al., 2006; Wang, 2006).  

Lycopene constitutes 80-90 per cent of the total carotenoids in tomato fruits 

(Sharma et al., 1996). Lycopene can exist as different conformational isomers, but the 

predominant form is found in tomato fruits in all-trans-lycopene forms (around 95%). 

The lycopene content in tomato fruits differ with stages of maturity, different cultivar and 

temperature under development. When tomatoes ripened, carotenoids and lycopene 



content increased within the plastids (Valverde et al., 2002). All the tomato genotypes 

recorded higher carotenoids and lycopene content in control conditions, however 

susceptible genotypes produced lesser amounts compared to tolerant genotypes both 

under control and stress conditions (Lokesha et al., 2019). Firmness get enhanced under 

certain temperature range (27/14˚C) and further increase in difference between day and 

night (30/11˚C) resulted in reduction in firmness value (Khanal, 2012). The 

polysaccharides and cell wall enzymes have significant role in firmness, under certain 

temperature the activity of polysaccharides and cell wall enzymes are activated 

positively. After attaining optimal temperature further increase in temperature results in 

deactivation of enzymes (galactosyl and arabinosyl), and accumulation of polyuronides 

(Mitcham & McDonald, 1992). Decrease in tomato firmness is due to changes in cell 

wall number, cell turgor properties and cell wall composition (Woolf et al. 1999). 

5.6. HORMONAL INTERACTIONS UNDER STRESS CONDITION 

Hormones play an important role in the physiological and developmental 

processes during a plant’s life cycle (Takei et al., 2004). Plant endogenous hormones 

adapt to the environment by means of dynamic change (Shelia et al., 2003). Cross-talk in 

hormone signalling decides organism’s ability to integrate different signal and respond 

appropriately. Hormonal homeostasis, stability, content, biosynthesis and 

compartmentalization are changing under heat stress (Takatsuka and Umeda, 2014). 

Hormones play a role in the regulation of flowering time, leaf senescence, fruit 

ripening and pollen development. Auxin, gibberellins and abscisic acid has an important 

role in the development of the tapetum, which is essential for the nourishment 

metabolites to the pollen. In addition, hormones such as ethylene, jasmonic acid and 

brassinosterioids also involved in pollen development. Auxin is involved in plant growth, 

senescence, fruit formation, leaf abscission and apical dominance. Blocking of auxin 

biosynthesis pathway will leads to severe alterations in floral organ development and a 

lack of pollen production. Auxin is also involved in the coordination of pollen maturation 

and anther dehiscence (Marine, 2017). Auxin production reduces under high level of 



ABA in the plant at high temperatures (Hazra et al., 2007). Gibberellins (GA) act in 

hypocotyl elongation, floral transition, fruit patterning and plant defence mechanisms. 

GA mutation results in defective pollen germination, elongation and pollen development. 

GA content in plants reduced under temperature conditions (Hazra et al., 2007).  

The results showed that GA3 first increased and then decreased with an increase 

of day and night temperature difference. The same results were found in plant height and 

leaf area; the reason was that GA3 improve branch elongation and leaf expansion which 

was confirmed by Khan et al. (2006). The IAA and ZT are involved in stem diameter, 

and the stem diameter had a significant positive correlation with IAA and ZT (GA3 was 

significantly positive correlated with plant height increment supported by Hu et al. 

(2017) who indicated plant height of Zea mays seedlings were positively correlated to 

GA3. GA3 have a positive effect to promote stem growth by stimulating both cell 

division and cell elongation (Gupta and Chakrabarty, 2013). Plant height increase was 

positively correlated to IAA, in accordance with Wu et al. (2009), who also suggested 

that IAA promoted normal stem elongation. Evidence from physiological studies 

indicates that IAA affects cell expansion during shoot elongation (Yuan and Yang, 2018). 

ZT was positively correlated with stem diameter increment, in agreement with Xu (2008), 

who also pointed out higher level of cytokinins was a key factor in controlling stem 

swelling processes. Similar to plant height increment, leaf area increment, and fruit 

diameter increment were also significantly positive correlated with all of GA3, IAA and 

ZT (Yuan and Yang, 2018). 

The soluble sugars content of tomato fruit was significantly positively correlated 

with GA3, IAA and ZT similar to reports of Swarup (2002) and Li et al. (2016). Brenner 

(1995) indicated that exogenous GA3, IAA and ZT increased sugar content of fruit in 

different fruit development stages. Li et al. (2016) indicated that a high content of 

endogenous ZT favoured sugar accumulation in tubers. The soluble sugars were not 

significantly correlated with ABA, while Casey et al., 2016 indicated that exogenous 

ABA increased soluble sugars content of fruit. Similar to soluble sugars, vitamin C and 

soluble protein were also significantly positive correlated with all of GA3, IAA and ZT 



(Yuan and Yang, 2018). The results were provident with O'Neill and Ross (2002) who 

indicated that IAA increased protein synthesis. 

Jasmonic acid plays a role in fruit ripening, seed germination, root growth, 

resistance to biotic stresses and protein storage and in pollen fertility. A mutation in the 

biosynthesis of jasmonic acid, defective in anther dehiscence, led to an inhibition of 

pollen release.  

Ethylene regulates growth and developmental processes in plants, including from 

seed germination to flowering, fruiting and tolerance to environmental stresses. High 

temperature suppresses ethylene production results in impaired ripening and plays a role 

in locule opening. Abscisic acid is important in seed development, plant growth and in 

withstanding environmental stresses (Taiz and Zeiger, 2015). ABA induction is an 

important component of thermotolerance, as it involved in the induction of several HSPs.  

Among other hormones, salicylic acid (SA) is involved in heat-stress responses 

elicited by plants. SA is a component of signalling pathways in response to systemic 

acquired resistance (SAR) and the hypersensitive response (HR). SA stabilizes the 

trimers of heat shock transcription factors and helps them bind heat shock elements to the 

promoter of heat shock related genes. Long term thermotolerance can be induced by SA. 

5.7. EFFECT OF HEAT STRESS ON YIELD PARAMETERS 

5.7.1. Yield per plant: 

Hot climates throughout crop period can negatively affect the vegetative and 

reproductive growth phases of crops and can result in up to 70 per cent losses in tomato 

yield (Sato et al., 2002). High temperatures cause significant loss in tomato 

productivity due to reduced fruit set and poor quality of fruit (Pervez et al., 2009; 

Nahar and Ullah, 2012). The dry weight ratio was found to be less in the fruits grown at 

higher temperature (32±1 0C) than in the fruits grown in control temperature (27±1 oC) 

(Kang et al., 2002). 

Alsamir et al. (2017) reported that high temperature in tomato reduced number 

of fruits, flower to fruit set ratio and fresh fruit weight. The characters less influenced 



by temperature were number of flowers per inflorescence and dry weight of plant. Fruit 

setting percentage under high temperature condition is not depending on how many 

flowers were produced in the plant (Singh et al., 2015). Pollen release and pollen 

viability are major limiting factors for fruit set under high-temperature stress (Sato et 

al., 2000). The major factor of fruit production process in plant is pollen development 

phase (Dane et al., 1991). 

Heat stress effects adversely on roots and nutrient with less recovery percentage 

in severely stressed plants even after seven days of stress removal. The relative effects 

of heat stress on plant nutrient content and concentration were correlated with relative 

effects on root to shoot mass, nutrient uptake rate per g of root, and levels of nutrient-

uptake and N-assimilatory proteins (Giri et al., 2017). 

5.7.2. Fruit setting %: 

Fruit setting percentage is affected by changing temperatures especially during 

hot summers (Bita and Gerats, 2013). Fruit set can be influenced by the exposure of 

plants to high day and night temperatures for several days or weeks during reproductive 

phase (Sato et al., 2000). During fruit set temperature above 300 C is threat for yielding 

(Xu et al., 2015). The most sensitive phases are flowering and fruit set during heat 

stress (Bhattarai et al., 2016). Reduced flower production, ovule and pollen viability, 

pollen dehiscence, stigma and stylar exertion (El Ahmadi and Stevens, 1979), 

diminished photosynthetic and assimilate translocation rate (Dinar and Rudich, 1985) 

these are some of the factors which reduced fruit set in tomato under high temperature. 

Fruit setting is limited by pollination where style protrude out of the anther cone (Dane 

et al., 1991). Fruit setting and pollen viability are positively correlated with the number 

of flower per inflorescence (Xu et al., 2017). Heat tolerance level of a genotype can be 

determined by fruit setting percentage, fruit set ranged from 41% to 84% under 

optimum conditions (Abdulbaki and Stommel, 1995). Heat tolerant genotypes had high 

fruit set under controlled condition than high temperature condition, ranged from 45% 



to 85%, heat sensitive genotypes show 45% fruit set in optimum condition, while 

shown no fruit set under high temperature condition (Mohammed and Tarpley, 2010). 

Yield is a function of various components that can be broadly divided into the 

number of plants (germination and emergence), dry matter production (growth, tillers, 

potential reproductive sites), seed numbers (reproductive processes and seed set), and 

seed size (product of seed filling rate and seed filling duration). High temperature stress 

influences yield through seed numbers by influencing pollen or ovule function, which 

results in lower seed set. High temperature stress directly influences seed fill duration 

by decreasing the grain fill duration, leading to smaller seed size and lower yields 

(Prasad et al., 2002, 2003, 2006, 2008). High temperature stress can also decrease 

biomass production, particularly if the stress is high enough to cause decrease in 

photosynthesis. High temperatures and low soil moisture can result in poor seedling 

emergence and early season vigour. Lower fruit yield at higher temperature is due to 

limited carbohydrate supply (Islam, 2011). Positive correlation was found among the 

degree of tolerance and fruit set percentage, fruit number and yield (Ibrahim, 2016). A 

positive correlation between the pollen viability and temperature tolerance were 

observed by Paupiere et al., 2017 while exposing the flowering plants to high 

temperature in greenhouse. Tomato has the ability to produce fruits and flowers in this 

season but the fruit setting percentage is very low (Wani et al., 2015). So development 

of tomato cultivars which are tolerant to heat stress and improved fruit set is highly 

worthy in the tomato crop production regions where mean daily temperature range is ≥ 

35oC during the growing season (Solenkey et al., 2015). 

5.7.3. Average fruit weight: 

Treatments with salicylic acid and brassinosteroids increased significantly total 

fruit yield when compared with control plants. No significant effect of the treatments 

was observed on fruit weight. Pollen quality and quantity depends on the amount of 

carbohydrate and soluble solid content in pollen. With the increase in temperature 

(32/26˚C) the amount of starch content in pollen grains was significantly lower than the 



control (28/22˚C) pollen grains (anther walls and inner fluid) (Pressman et al., 2002). 

Surender (2013) reported that average fruit weight and yield per plant significantly 

decreased at high temperature compared to optimum temperatures. 

Heat stress also reduces carbohydrate accumulation in pollen grains and the ATP 

level of stigmatic tissue (Firon et al., 2006). Reduction in the sink and source strength can 

lead to reduced fruit set and other yield related parameters in tomato. Reproductive 

development fails when sugar metabolism and proline transport are disrupted under heat 

stress (Jain et al., 2007). The exogenous application of organic metabolites can mitigate 

the effects of heat stress (Wahid et al., 2007). 

5.7.4. Intensity of fruit drop and flower drop:  

Fruit number and fruit weight were the important yield components, which were 

severely affected under high temperature stress and ultimately yield was markedly 

reduced. Regessa et al. (2012) recorded observations for days to flowering, number of 

flowers, number of fruiting clusters, fruit setting rate, number of fruits and yield per plant 

under a high temperature regime of 40/280C (day/night) during the flowering and fruiting 

seasons in May and June. The lines Sonali, Hotset, Kewalo, Saladette and NDTVR-60 

were considered heat tolerant as they recorded higher fruit setting rate, fruit number and 

yield per plant under relatively high temperatures. Gaikwad (2009) observed that fruit set 

in tomato is reduced markedly when average maximum day time and minimum night 

time temperatures go above 32 and 210C, respectively.  

Higher temperatures can lead to pre- and post-harvest harms, involving twigs and 

leaves burning, sunburns on stems and branches, senility of leaf and abscission, the 

defects in development of shoot and root, fruit discoloration, and decreased fruit weight 

and yield (Vollenweider and Gunthardt-Goerg, 2006; Kumar and Dudi, 2011). 

Abdelmageed and Gruda (2009), reported that morphological traits like fruit and flower 

number per crop, percentage of fruit fresh weight and fruit set were different in heat 

resistant and heat susceptible tomato genotypes and the results were different in field and 

glasshouse conditions in tomato. 



5.7.5. Plant height:  

In a study, the plant height was significantly higher at conditions of 550 ppm 

CO2 compared with 700ppm and the control plants (Mamatha et al., 2015). It was also 

concluded that gladiolus plants grown at 700 ppm recorded maximum plant height as 

compared to plants grown at 900 ppm and the control (400 ppm) conditions (Kadam et 

al. 2012). This implies that increased CO2 increases the plant height up to some extent; 

beyond that the plant height tends to decrease. The CO2 concentration up to which the 

plant height increases may differ with crop. The study showed positive influence of 

CO2 concentration on the number of branches and leaves. The increased number of 

branches and increase in the plant height are in agreement with Conroy et al. (1990). 

5.7.6. Total dry weight per plant: 

Tomato seedlings grown at 900 ± 100 ppm of CO2 recorded higher shoot dry 

mass, root dry mass as well as total dry mass as compared to seedlings grown at 350 

ppm of CO2 (Fierro et al., 1994). Tomato cv. Tiny Tim plants grown at 675 ppm of 

CO2 showed increased biomass of 37, 53, 39, and 41% in leaf, stem, root, and total 

vegetative plant biomass, respectively (Reinert et al., 1997). Dry mass increase resulted 

in increased PN. The higher PN at CO2 contributed to higher biomass production in 

mung bean (Chowdhury et al., 2005). Increased production of biomass in genotypes 

was also associated with increased net assimilation rate (Fierro-Cabo et al., 1994) and 

relative growth rate. (Yelle et al., 1990; Li et al., 2016).  

 

 

 



 

 

 

 

 

 

 

 

MATERIALS AND METHODS 

 

 

 

 

 



3. MATERIALS AND METHODS 

The objective of the thesis entitled “Effect of high temperature on physiological, 

biochemical and yield parameters in tomato (Solanum lycopersicum L.)” was to study the 

effect of high temperature on physiology, biochemical, yield and quality parameters in 

tomato. The research work was conducted at the Department of Plant Physiology, 

College of Agriculture, Vellayani during the year from 2018-2020. The observations 

were taken at the respective stages. The high temperature stress was induced from flower 

initiation to maturity stage by keeping the pots in a temperature controlled green house 

facility (45 days). Phenological, physiological, biochemical parameters were taken at 

flowering stage. Physiological and biochemical parameters were taken before induction 

of temperature stress and at 15th and 25th days after induction of temperature stress. 

Quality parameters and yield parameters were taken at the harvesting stage. 

3.1 EXPERIMENTAL DETAILS 

3.1.1. Location 

The field experiment was conducted in temperature controlled polyhouse located 

at farm office, College of Agriculture Vellayani, situated at 8°5’ N latitude and 76°9’ E 

longitude and an altitude of 29 m above mean sea level. 

3.1.2. Experimental Material 

Seeds of 20 different genotypes were collected (released tomato varieties from 

KAU, IIHR, IARI). 

3.1.3. Experimental Details 

Seeds of 20 different genotypes were collected (released tomato varieties from 

KAU, IIHR, IARI). They were sowed in portrays. Irrigation was done regularly and 

were transplanted to pots after one month of sowing. The observations were taken at 

respective stages. The high temperature stress was induced from flower initiation to 

maturity stage by keeping the pots in a temperature controlled green house facility (45 

days). Phenological, physiological, biochemical parameters were taken at flowering 



stage. Physiological and biochemical parameters were taken before induction of 

temperature stress and at 15th and 25th days after induction of temperature stress. Quality 

parameters and yield parameters were taken at harvesting stage. 

Location              : Instructional farm, College of Agriculture, Vellayani. 

Design         : CRD 

Treatment levels: 2 (control and high temperature) 

T1          : Ambient temperature 

T2         : 36 +/- 2°C 

Genotypes         : 20 

3.1.4. Planting material: 

Sl. 

No. 

Varieties Released from Sl. 

No. 

Varieties Released from 

1 Nandi UAS & AVRDC 12 IIHR-26372 IIHR collections 

2 IC-45 IIHR collections 13 Palam Pride HPAU 

3 Pusa Rohini IARI 14 Arka Abha IIHR 

4 Pusa Ruby IARI 15 Arka Alok IIHR 

5 IIHR-2200 IIHR collections 16 Manulakshmi KAU 

6 Anagha KAU 17 Sakthi KAU 

7 Akshaya KAU 18 Manuprabha KAU 

8 Vellayani Vijay KAU 19 Arka Samrat IIHR 

9 Arka Vikas IIHR 20 Arka Sourabh IIHR 

10 Kashi Vishesh ICAR-IIVR 21 PKM-1 TNAU 

11 Vaibhav UAS & AVRDC 22 Arka Rakshak IIHR 

 

3.2. Preparation and planting: 



Tomato seeds were grown in potting compost (coir pith compost and 

vermicompost @ 2:1 ratio) and labelling was done properly. Irrigation was provided 

regularly and were kept in polyhouse with microclimatic temperature controller. The one 

month old seedlings were transplanted to pots with potting mixture made from soil, sand 

and cow dung. Six replications were maintained for a single variety as the control in the 

first stage of experiment. They were grown under control (ambient) environment until the 

flower initiation stage. The average maximum and minimum temperature for control 

conditions during this period were 32.10C and 240C and average maximum and minimum 

RH were 90.6% and 59.2% respectively. The high temperature stress was induced from 

flower initiation to maturity stage by keeping the pots in a temperature controlled green 

house (average maximum temperature during this period was 35.5oC and average 

minimum temperature was 26.05oC and maximum and minimum RH of 93.2% and 

65.7% respectively).  Nutrient application and pest control measures were given as per 

the package of practices recommended by Kerala Agricultural University.  Phenological, 

physiological, biochemical parameters were taken at flowering stage before induction of 

temperature stress. The daily temperatures including maximum and minimum 

temperatures were recorded under control as well as heat stress conditions using digital 

thermo-hygrometer throughout the experiment.  

20 days after transplanting, a set of 22 genotypes with three replicates were 

transferred to temperature controlled green house for heat stress induction. Data were 

recorded on days to first flowering and days to first fruiting for control and stress induced 

plants. Physiological and biochemical parameters were taken again on 25 days after 

induction of temperature stress.   

3.3. Observations recorded 

Phenological, physiological, biochemical parameters were taken at the flowering 

stage before induction of temperature stress. Data were recorded on days to first 

flowering and days to first fruiting for control and stress induced plants. Physiological 

and biochemical parameters were taken again on 15th and 25th days after induction of 

temperature stress.   



 

Plate 1. Seedlings at germination stage               Plate 2. Seedlings at 20 days after sowing 

 

                             Plate 3. Overview of tomato plants in control condition 

 

Plate 4. Overview of tomato plants in polyhouse (high temperature condition) 



3.4. Parameters Observed 

3.4.1. PHENOLOGICAL PARAMETERS 

3.4.1.1. Days to first flowering  

It was recorded as the number of days taken from the date of sowing to the date 

when flowering occurred even in a single plant in both treatments.  

3.4.1.2. Days to first fruiting  

It was recorded as the number of days taken from the date of sowing to the date 

on which the plants produced at least one fruit. 

3.4.2. PHYSIOLOGICAL PARAMETERS 

3.4.2.1. Pollen viability (%)  

Viability of pollen grains was tested according to the method of staining using IKI 

(Iodine potassium iodide) proposed by Baker and Baker (1979). In this method, 1 g of 

potassium iodide and 0.5 g iodine were dissolved in 100 ml distilled water for the IKI 

solution. Pollen viability counts were made five minutes after pollen was placed on an 

IKI solution. Pollen grains stained dark (dark red or brown colour) were counted as alive. 

3.4.2.2. Leaf membrane thermostability (%)  

For the estimation of leaf membrane stability index (MSI), the procedure of 

Sullivan (1972) was followed. Under stress, the extent of membrane integrity permits a 

measure of membrane stability to electrolyte leakage. Using punch machine, round leaf 

discs of 0.75 cm in diameter were made after removing completely expanded uppermost 

leaves. In two sets of 50 ml glass tubes, 10 leaf discs were taken and washed slowly with 

de-ionized distilled water by changing it three times to remove surface adhered 

electrolytes. Then glass tubes were filled up to 10 ml of distilled water in order to 

submerge the washed leaf discs. Of the two sets, one set of test tube was placed in a water 

bath at 45°C for 1 hour. Then both the sets were exposed to 22°C temperature in an air 

conditioned room for an overnight. Very next day, electrical conductivity of each test 



tube sample was recorded with the help of LF 538 EC meter after shaking it well. Then 

kill the leaf tissues, both sets of test tube samples were auto-claved at 121°C temperature 

for 15 minutes at 15 Ibs pressure, which were allowed overnight to cool down to 22°C 

temperature. Subsequently, electrical conductivity was recorded for the 2nd time. Under 

stress, the extent of membrane integrity permits a measure of membrane stability to 

electrolyte leakage. Relative cell injury percentage (RCI%) as an appraisal of cell 

membrane thermostability was worked out by using 1st and 2nd electrical conductivity 

readings and the following formula; CMT% = {1- (T1 / T2)} / {1- (C1 / C2)}] × 100 

where T & C indicate electrical conductivity (EC) of heat treated and controlled sets of 

test tube, and the subscripts 1 & 2 refer to 1st and 2nd EC readings respectively. The cell 

membrane thermostability and relative high temperature injury were estimated using 

equations 2 and 3 as follows:  

Cell membrane thermostability (%) = [(1- (T1/ T2) / (1- (C1/ C2)] x 100   

Relative heat injury (%) = 100 - CMS  

Where C, T and CMS refer to the electrical conductivity of control, heat treated samples 

and cell membrane stability, respectively. The subscript 1 and 2 refer to electrical 

conductivity readings before and after boiling, respectively.  The  genotypes  were 

classified according to  Kuo, et al. (1993) as follows: Heat  tolerant  (HT):  HI  <  25%,  

moderately  heat tolerant (MHT): 25% < HI < 50%, slightly heat tolerant (SHT): 50%  < 

HI  < 75%, heat sensitive (HS):   HI > 75%. 

3.4.2.3. Presence of Stigma exertion   

Stigma exertion indicates flowers which showed the stigma becoming more 

elongated than the anthers were observed and the tomato varieties showing stigma 

exertion were recorded. 

3.4.2.4. Total chlorophyll content (mg g-1 fresh weight) 

Estimation of chlorophyll (DMSO method)  



Chlorophyll content of leaf samples was estimated as per the procedure described 

by Arnon (1949). A weighed quantity of leaf sample (0.5g) was taken from the third fully 

expanded leaf and it was cut into small bits. These bits were put into test tubes and 

incubated overnight at room temperature with 10 ml DMSO: 80% acetone mixture (1:1 

v/v). The coloured solution was transferred into a measuring cylinder and made up to 25 

ml with the DMSO-acetone mixture. The absorbance was measured at 663, 645, 480 and 

510nm. The chlorophyll content was measured by substituting the absorbance values in 

the given formulae. 
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Where,  

 A = Absorbance at specific wavelength (645 and 663 nm)  

V = Final volume of the chlorophyll extract (ml)   

W = Fresh weight of the sample (g)  

 a = Path length of light (1 cm) 

3.4.2.5. Photosynthetic rate (µmol CO2 m-2 sec-1) 

Photosynthetic rate was measured using portable photosynthetic system (CIRAS-

3 SW, PP System International, MA, USA) during day time between 9.00- 10.30 am 

from the third leaves and were expressed in μmole CO2 m
-2 s-1. 



3.4.2.6. Transpiration rate (mmol H2O m-2 sec-1) 

Transpiration rate was measured using portable photosynthetic system (CIRAS-3 

SW, PP System International, MA, USA) during day time between 9.00- 10.30 am from 

the third leaves and were expressed in mmol H2O m-2 s-1. 

3.4.2.7. Stomatal conductance (mmol H2O m-2sec-1)  

Stomatal conductance was measured using portable photosynthetic system 

(CIRAS-3 SW, PP System International, MA, USA) during day time between 9.00- 10.30 

am from the third leaves and were expressed in mmol H2O m-2 s-1. 

3.4.2.8. Chlorophyll fluorescence (Fv / Fm)  

 Chlorophyll fluorescence was measured using portable photosynthetic system 

(CIRAS -3 SW, PP System International, MA, USA). The leaves were covered with 

black cloth or aluminium foil about 3 hours before the observation taken to provide the 

dark adaption. The chlorophyll fluorescence was taken 3 hours after covering by 

clamping the leaf in the space provided in photosynthetic system. 

3.4.3. BIOCHEMICAL PARAMETERS 

3.4.3.1. Starch content (mg g-1 fresh weight) 

 The estimation of starch in plants was done following the Anthrone method 

(Hodge and Hofreiter, 1962). A known quantity of plant sample (0.1g) was homogenized 

in hot 80% ethanol to remove sugars. The homogenate was centrifuged and the residue 

was retained. The residue was washed repeatedly with hot 80% ethanol till the washing 

does not give any colour with anthrone reagent. Then the residue was dried well over a 

water bath. The dried residue was mixed with 5ml water and 6.5 ml 52% perchloric acid 

and was extracted at 0oC for 20 min. This solution was centrifuged and the supernatant 

was saved. The extraction was repeated using fresh perchloric acid. The supernatants 

after centrifugation were pooled and made up to 100 ml.   

 An aliquot of 0.1 ml of the supernatant was taken and again made up to     1 ml 

using distilled water. The standard was prepared by taking 0.2, 0.4, 0.6, 0.8 and 1 ml of 



the working standard solution and made up the volume to 1 ml in each tube using 

distilled water. Anthrone reagent (4 ml) was added to both the sample and standard test 

tubes. These test tubes were heated for eight minutes in a boiling water bath and cooled 

rapidly. The intensity of colour change from green to dark green was measured at 630 

nm. The glucose content in the sample was calculated using the standard curve. This 

value was multiplied by a factor of 0.9 to arrive at the starch content. 

3.4.3.2. Soluble sugar content (mg g-1 fresh weight) 

The carbohydrate content in plants was estimated by Phenol-sulphuric acid 

method by (Dubois et al., 1956). Plant sample of weight 0.1 g was homogenized in 80% 

ethanol to remove the sugars. The homogenate was centrifuged and 0.1 ml of supernatant 

was taken in a test tubes and made up the volume to 1 ml with water. 1 ml of phenol 

solution and 5 ml of 96% sulphuric acid was also added to the test tube and shaken well. 

After 10 minutes the test tubes were kept in a water bath at 25-300 C for 20 min and read 

the colour at 490 nm in a spectrophotometer. 

10 ml of stock (100 mg standard glucose in 100 ml water) diluted to 100 ml with 

distilled water was taken as the working standard. 0.2, 0.4, 0.6, 0.8 and 1 ml of working 

standard diluted to 1 ml with water was used as standard. 

3.4.4. QUALITY PARAMETERS 

3.4.4.1. Lycopene content  

The lycopene content in the fruit was quantified by the method explained by 

Ranganna (1976). Five grams of fruit sample was crushed and extracted repeatedly with 

acetone until the residue becomes colourless. This acetone extract was transferred to 

separating funnel containing 15 mL of petroleum ether and mixed gently. To this, 5 mL 

of 5 per cent sodium sulphate solution in water was added and mixed thoroughly by 

shaking. This aided in separating out any water present in the separating funnel and 

helped to form a clear extract. The lower phase (petroleum ether extract containing 

carotenoid) was transferred to another separating funnel to remove any residual acetone 

and finally the extract was transferred to the amber coloured bottle. The extraction 



procedure with petroleum ether was repeated until the acetone phase becomes colourless. 

Acetone phase was discarded and a small quantity of anhydrous sodium sulphate was 

added to the petroleum ether extract. Then petroleum ether extract was transferred to 25 

mL volumetric flask and diluted to 25 mL with petroleum ether and from this, 5 mL was 

again diluted to 25 mL with petroleum ether for colour measurement. Optical density 

(OD) of the extract was measured at 503 nm in UV-VIS-spectrophotometer (Elico SL-

160) using petroleum ether as a blank (Sadasivam and Manikam 1992). Lycopene content 

of the sample was calculated by using the following formula: 

Absorbance (1 unit) = 3.1206µg lycopene/ml  

Lycopene (mg 100g-1) = (3.1206 x O.D. of sample x volume made up x dilution x100) / 

(weight of sample x 1000) 

3.4.4.2. Titratable acidity (%) 

Titration method was used to estimate titrable acidity (AOAC, 2000). Two 

milliliter of juice was titrated against 0.1 N sodium hydroxide (NaOH) using six drops of 

phenolphthalein as an indicator. The appearance of pink colour was taken as an end point 

of titration. Titratable acidity was expressed in terms of mg anhydrous citric acid in 100 

mL of juice and calculated as follows: 

Titratable acidity = Volume of NaOH used (mL)/ Volume of juice taken (mL) × 0.0064 × 

100 

3.4.4.3. Total soluble solids (TSS) 

The total soluble solids of the selected samples were determined with a digital 

refractometer (Model: (Model DG-NXT, ARKO India Ltd) at room temperature, 2-3 

drops of juice extracted from cut fruit was used and the value was expressed in°Brix 

units. The refractometer was washed with distilled water each time after use and dried 

with the help of blotting paper. 

3.4.4.4. Estimation of ascorbic acid (vitamin C)  

 The ascorbic acid content in plants was estimated volumetrically by the 

method explained by Sadasivam and Manickam (2008). Working standard solution of 



5ml containing 100µg/ml of ascorbic acid was pipetted out into a 100 ml conical flask. 

4% oxalic acid was added to it and titrated against 2, 6- dichlorophenol indophenol dye 

(V1 ml). End point was noted on appearance of pink colour which persisted for a few 

minutes. The sample (0.5g) was weighed and ground in a mortar with pestle using 15ml 

4% oxalic acid.   

 The homogenate was filtered through a double layered cheese cloth. The 

filtrate was made up to a known volume and centrifuged at 10,000 rpm for 10 min. The 

supernatant was collected and made up to 25ml using oxalic acid. 5.0 ml aliquot was 

pipetted into a conical flask to which 10ml of 4% oxalic acid was added. This was titrated 

against dichlorophenol indophenol (DCPIP) solution until the appearance of pink colour 

(V2 ml). The amount of ascorbic acid is calculated as follows: 

                                    
sampleofweightml

V

mlV

mg
acidAscorbic

100

5

5.0 2

1

  

3.4.5. YIELD PARAMETERS 

3.4.5.1. Plant height (cm)  

The height of plants was measured from the base of the stem to the tip of the 

shoot at harvesting stage of control and the high temperature stress plant and the average 

height was calculated on per plant basis and expressed in cm.  

3.4.5.2. Number of fruits per plant 

The number of fruits harvested from three replication plants at each picking 

(harvest) were counted and total number of fruits per plant was calculated.  

3.4.5.3. Fruit setting % 

Fruit set was also expressed in percentage by counting the total number of flowers 

as well as total number of fruits per plant. 

Fruit setting % = (Total number of fruits / Total number of flowers) x 100 

3.4.5.4. Average fruit weight (g) 



Average fruit weight was calculated by adding the weight of fruits from each of 

three replication plants at harvest and divided it by total number of fruits and expressed in 

grams per fruit. 

3.4.5.5. Intensity of fruit drop  

 Data on the fruit drop were recorded under each treatment from the date of 

fruit setting till the time of fruit harvesting, at fifteen days intervals. The percentage of 

fruit drop under each treatment was calculated by taking the average of the data obtained 

from each replication within a treatment. 

3.4.5.3. Intensity of flower drop 

 Data on the flower drop were recorded under each treatment from the date of 

first flowering till the time of harvesting, at regular intervals. The percentage of flower 

drop under each treatment was calculated by taking the average of the data obtained from 

each replication within a treatment. 

3.4.5.6. Total yield per plant 

The weight of all the fruits collected per plant was taken and the total yield was 

calculated at the harvesting stage. 

3.4.5.7. Total dry matter per plant (g)  

Three replication plants of each genotype were uprooted and then transferred to 

hot air oven (NSW-142, Caltar) at 80 0C for 72 hours (until constant weight obtained) and 

their total dry weight was recorded after harvesting in both control and the treated plants 

and the mean was expressed as g plant-1. 



 

 

 

 

 

 

 

  

 

 

RESULTS 



 

4. RESULTS 

The present study “Effect of high temperature on physiological, biochemical 

and yield parameters in tomato (Solanum lycopersicum L.).” was done in temperature 

controlled polyhouse facility of farm office, College of Agriculture, Vellayani. The 

objective of the study was to identify the the effect of high temperature on physiology, 

biochemical, yield and quality parameters in tomato. The aim of this study also include 

to evaluate the performance of cultivars under study to heat stress and find the genotype 

adapted to cultivate under high temperature conditions with desirable characteristics, 

thereby to identify traits that could be used to improve the high temperature tolerance in 

tomato. The data obtained during the progression of study were statistically analysed 

and the results are presented in this chapter. 

4.1. EVALUATION OF THE PERFORMANCE OF GENOTYPES UNDER HEAT 

STRESS TO PHENOLOGICAL PARAMETERS  

4.1.1. Days to first flowering 

Almost all the tomato genotypes under heat stress showed delayed flowering and 

fruiting (Table 2 and Fig 1). Plants grown under control conditions showed flowering 

after 45-55 days after sowing. Vellayani Vijay took minimum number of days for 

flowering (52-56 DAS) and maximum number of days was taken by Arka Sourabh (70-

72 DAS) under control conditions. Early flowering was observed in Kashi Vishesh (72-

75 DAS) and delayed flowering in Pusa Rohini (86-91 DAS) under high temperature 

conditions. Delay in flowering was different among varieties, tolerant genotypes showed 

minimum delay Kashi Vishesh (10-12 days) than that of control whereas, susceptible 

genotypes showed maximum delay in flowering, Pusa Rohini (25-30 days) than that of 

the control plants. 

4.1.2. Days to first fruiting 

All the tomato genotypes under heat stress showed delayed fruiting (Table 3 and 

Fig 2). Plants grown under control conditions showed fruiting after 62-75 days after  



 

Figure 1. Line graph showing the days taken to first flowering for varieties grown under 

both control and high temperature conditions expressed in days after sowing (DAS) 

  

 

Figure 2. Line graph showing the days taken for first fruiting for varieties grown under 

control and high temperature stress conditions expressed in days after sowing (DAS) 

 

 



sowing. Vellayani Vijay took minimum number of days for fruiting (72-80 DAS) and 

maximum number of days was taken by Pusa Rohini (72-95 DAS) under control 

conditions. Early fruiting was observed in Kashi Vishesh (87 DAS) and delayed fruiting 

in Manulakshmi (97 DAS) under high temperature conditions. Delay in fruiting was 

different among varieties, tolerant genotypes showed minimum delay Kashi Vishesh (8-

12 days) than that of control whereas, susceptible genotypes showed non-significant 

fruiting under stress conditions. 

4.2 EVALUATION OF GENOTYPES UNDER HEAT STRESS FOR PHYSIOLOGICAL 

PARAMETERS 

4.2.1. Presence of stigma exertion 

The exerted style, stigma is elongated than the anther cone during reproductive 

stage reduces self-pollination. All genotypes under heat stress conditions showed 

stigma exertion which resulted in flower burning and finally flower drop resulting in 

reduced fruit yield. Arka Sourabh showed the highest stigma exertion length (Plate 6). 

Excessive elongation of the styles in heat sensitive genotypes minimized pollen reach 

to the stigma and reduced self fertilization and reduces fruit setting rate. 

4.2.2. Membrane stability index (MSI) 

Membrane stability index is a measure of heat tolerance in plants. Under heat 

stress condition all tomato varieties showed a reduction in MSI showing the possibility of 

increased cell leakage. A decrease in the MSI value was observed even for 15 days and 

25 days after stress induction when compared to control plants (Fig 3). Nandi (87.63%) 

showed the highest MSI followed by Vellayani Vijay (76.67%) and minimum MSI 

recorded for Arka Sourabh (7.62%) followed by PKM-1 (13.53%) when grown under 

control conditions. Under heat stress conditions, Nandi (51.8%) and Arka Rakshak 

(25.13%) showed maximum and minimum MSI respectively (Table 4). The mean MSI of 

tomato varieties was 51.27% and 37.56% under control and heat stress conditions 

respectively. The percentage reduction in MSI was highest in Pusa Ruby (52%) and 

lowest in IIHR-2200 (11%). 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 5. Pollen viability of different tomato genotypes observed under a) microscopic 

view b) magnified view 40x. Varieties observed 1. Anagha (control) 2. Nandi (high 

temperature condition) 3. Arka Vikas (high temperature condition) 

1a. 

1b. 

2a. 

2b. 

3a. 

3b. 



  

 

      

  

 

 

        

    

  

 
 

Vaibhav Anagha 

1
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a. b. 
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Plate 6. Stigma exertion observed in Arka Sourabh under heat 

stress a) control b) stress condition. 
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Plate 7. Genotypes at maturity stage a) under control condition b) under high temperature 

stress  

 

IIHR-2200 Palam Pride 

Manuprabha Manulakshmi 

a. 
a. 

a. a. 

b. b. 

b. b. 



  

 

Figure 3. Graph showing MSI of varieties grown under control and high temperature 

stress conditions (15th and 25th days after heat stress induction) expressed in %. 

 

 

 

 

 

 

 

 

 



 

 

4.2.3. Pollen viability 

Under medium temperature increase, concentration of soluble sugar enhances 

slightly. Continuous high temperature lowers starch concentration and causes reduction 

in soluble sugar content in mature pollen grain. This probably is the reason for a reduced 

pollen viability under heat stress condition. Relatively tolerant genotypes showed 

significantly lesser decrease in percent pollen viability as compared to relatively 

susceptible genotypes. 

Reduced carbohydrate production and assimilation in the tomato anthers during 

heat stress results in defective pollen development and viability. Pollen viability is 

maximum for Anagha (97.45%) which is on par with all varieties except Pusa Rohini 

(90.08%), Sakthi (92.29%), Arka Sourabh (91.69%), PKM-1 (92.09%) and Arka 

Rakshak (89.92%) and minimum for Arka Vikas (88.91%) followed by Arka Rakshak 

(89.92%) under control conditions. But under high temperature conditions pollen 

viability is reduced significantly for all varieties with maximum viability for Nandi 

(87.38%) and minimum for Arka Vikas (36.31%) (Table 5). The percentage reduction in 

pollen viability was maximum for Arka Sourabh (56.68%) and minimum for Nandi 

(8.03%). 

4.2.4. Total chlorophyll content 

Reduction in photosynthesis under heat stress is linked to the decrease in 

chlorophyll content, lipid peroxidation of chloroplast and lipid peroxidation of thylakoid 

membrane are the main reason for the reduced chlorophyll content. A decrease in the 

total chlorophyll content value was observed even for 15 days and 25 days after stress 

induction when compared to control plants. Similar results are obtained in this 

experiment also. Total chlorophyll content was highest for Arka Alok (2.3 mg g-1 fresh 

weight) followed by Arka Sourabh and minimum for Arka Vikas (1.28 mg g-1 fresh 

weight) under control condition. Under heat stress conditions, Arka Alok (0.71 mg g-1 



fresh weight) had highest chlorophyll content and Arka Samrat (0.36 mg g-1 fresh weight) 

had the minimum chlorophyll content (Table 6). The percentage reduction in chlorophyll 

content was maximum for Anagha (77%) and minimum for Arka Vikas (67%). 

4.2.5. Photosynthetic rate  

Photosynthetic rate was reduced significantly in all the genotypes under heat 

stress condition compared to control condition. A decrease in photosynthetic rate was 

observed for plants after 15 days and further reduction for 25 days after stress induction 

when compared to control plants. The results related to the photosynthetic rate at 

flowering stage of tomato varieties are presented in the table 7. 

Under heat stress condition, the highest photosynthetic rate was observed in Arka 

Alok (19.22 µ CO2 moles m-2 s-1), while the lowest was observed in Arka Abha (14.20 µ 

CO2 moles m-2 s-1). Vellayani Vijay (23.03 µ CO2 moles m-2 s-1) showed a highest 

photosynthetic rate in control condition whereas the lowest was in Manuprabha (16.93 µ 

CO2 moles m-2 s-1). The mean photosynthetic rate of tomato varieties was 19.76 µ CO2 

moles m-2 s-1 and 16.13 µ CO2 moles m-2 s-1 under control and heat stress conditions 

respectively. The percentage reduction in photosynthetic rate was highest in Palam Pride 

(30%) and minimum for Manulakshmi (9%). 

4.2.6. Transpiration rate  

A decrease in photosynthetic rate was observed for plants after 15 days and 25 

days after stress induction when compared to control plants. Under control conditions, 

Vaibhav (1.36 mmol H2O m-2 s-1) and Manuprabha (1.36 mmol H2O m-2 s-1) showed 

highest transpiration rate which is on par with Akshaya (1.33 mmol H2O m-2 s-1) and 

lowest for Palm Pride (0.49 mmol H2O m-2 sec-1
). Vellayani Vijay and Arka Rakshak 

showed highest and lowest transpiration rates under high temperature stress that is 0.83 

mmol H2O m-2 s-1 and 0.35 mmol H2O m-2 s-1 respectively (Table 8 and Fig 5). The 

percent reduction in transpiration rate was maximum for Arka Sourabh (67%) and 

minimum for Kashi Vishesh (12%). The average transpiration rate of tomato genotypes 

were 0.55 and 0.85 mmol H2O m-2 s-1for heat stress and control condition respectively. 



4.2.7. Stomatal conductance 

 

 

 

Figure 4. Graph showing stomatal conductance (Gs) of varieties grown under 

control and high temperature stress conditions (15th and 25th days after heat stress 

induction) expressed in mmol H2O m-2 s-1. 

 



Figure 5. Graph showing transpiration rate (E) of varieties grown under control 

and high temperature stress conditions (15th and 25th days after heat stress 

induction) expressed in mmol H2O m-2 s-1. 

 

The results revealed that stomatal conductance decreased significantly in almost 

all the genotypes under stress condition compared to control condition. Arka Vikas 

(88.33 mmol H2O m-2 s-1) showed highest and Arka Sourabh (43.33 mmol H2O m-2 s-1) 

showed lowest stomatal conductance under ambient environment which is on par with 

Arka Sourabh whereas, Nandi and Vellayani Vijay (62.33 mmol H2O m-2 s-1) had highest 

which is on par with IC-45. Arka Sourabh (32 mmol H2O m-2 s-1) showed lowest rates of 

stomatal conductance under heat stress conditions (Table 9 and Fig 4). The mean 

stomatal conductance of tomato varieties was 62.86 mmol H2O m-2 s-1 and 46.30 mmol 

H2O m-2 s-1 under control and heat stress conditions respectively. The percentage 

reduction in stomatal conductance was highest in Arka Vikas (88%) and minimum for 

Kashi Vishesh (15%). 

4.2.8. Chlorophyll fluorescence 

 Chlorophyll fluorescence is the ratio of variable fluorescence to maximum 

fluorescence (Fv/Fm) and the base fluorescence (F0) are physiological parameters used to 

correlate heat tolerance. Chlorophyll fluorescence used as a tool to study the alterations 

of photosystem I and photosystem II activity. Under abiotic stress condition especially 

heat stress, a decline in chlorophyll fluorescence was observed (Table 10). Non-

photochemical quenching occur in stress condition leading to decrease in Fm and the 

following increase in Fo, due to the photo-inactivation of PS II, is the main reason for the 

decline of Fv/Fm. It was observed that in tomato, Fv/Fm under control condition was 

higher than Fv/Fm under stress condition. 

Among the genotypes, Nandi (0.75) and Anagha (0.75) recorded the maximum 

chlorophyll fluorescence which is on par with Akshaya (0.73) under heat stress condition, 



while the minimum chlorophyll fluorescence was recorded in Arka Vikas and Arka 

Sourabh (0.46). In ambient condition, the highest chlorophyll fluorescence was observed 

in Anagha, Vellayani Vijay, Arka Alok, Manulakshmi and Manuprabha (0.74) which is 

on par with Nandi and Kashi Vishesh (0.72), while the lowest was observed in Palam 

Pride (0.62). The percent derease in chlorophyll fluorescence was more in Arka Sourabh 

(30%) and less in Akshaya (no change). The average chlorophyll fluorescence of the 

tomato varieties at flowering stage was 0.6 and 0.68 under heat stress and control 

conditions respectively. 

4.3. EVALUATION OF GENOTYPES UNDER HEAT STRESS FOR 

BIOCHEMICAL PARAMETERS 

4.3.1. Starch content 

Significant genotypic differences for starch content was observed in tomato under 

high temperature. Among the genotypes, Vaibhav (312.97 mg g-1 fresh weight) recorded 

the maximum starch accumulation followed by Manulakshmi (304.45 mg g-1 fresh 

weight) under control condition, while the minimum starch content was recorded in Arka 

Vikas (209.70 mg g-1 fresh weight). In heat stress condition, the highest starch content 

was observed in Anagha (235.67 mg g-1 fresh weight), while the lowest was observed in 

Arka Sourabh (84.37 mg g-1 fresh weight). The percent decrease in starch content was 

more in Arka Sourabh (68%) and less in Anagha (13%). The average starch content of 

the tomato genotypes at flowering stage was 170.71 mg g-1 fresh weight and 262.86 mg 

g-1 fresh weight under heat stress and control conditions respectively (Table 11 and Fig 

6). 

Relatively tolerant genotypes had lesser per cent decrease in starch content in 

leaves just before anthesis as compared to heat susceptible types. The high temperature 

caused a reduction in enzyme activity involved in starch synthesis and impaired 

assimilate partitioning processes. 

4.3.2. Soluble sugars 



Significant genotypic differences for soluble sugar content was observed in tomato under 

high temperature. The probable reason for decreased soluble sugar content in plants could 

be decreased activity of acid invertase which converts sucrose into glucose and fructose. 

Maximum soluble sugar concentration was observed in Nandi (77.73 mg g-1 fresh 

weight) and lowest concentration in Arka Rakshak (51.92 mg g-1 fresh weight) under 

control conditions, whereas under stress conditions Vellayani Vijay (59.6 mg g-1 fresh 

weight) showed maximum soluble sugar content and minimum in Arka Rakshak (35.73 

mg g-1 fresh weight) Table 12 

 

Figure 6. Graph showing starch content in leaves of different varieties grown under 

control and high temperature stress conditions expressed in mg g-1 fresh weight. 

 

 The average soluble sugar content of the tomato genotypes at flowering stage was 

48.83 mg g-1 fresh weight and 61.19 mg g-1 fresh weight under heat stress and control 

conditions respectively. The percent decrease in soluble sugar content was more in Arka 

Rakshak (31.2%) and less in IIHR-2200 (3%). 

4.4. EVALUATION OF GENOTYPES UNDER HEAT STRESS FOR QUALITY 

PARAMETERS 



4.4.1. Lycopene content 

The lycopene content decreased with rise in temperature and ambient condition 

recorded the highest lycopene content in fruits (2.03 mg g-1 fresh weight). At polyhouse 

for susceptible varieties there was no significant fruit set. The highest lycopene content 

was recorded in IIHR-2200 (5.49 mg g-1 fresh weight) followed by Pusa Rohini (3.53 mg 

g-1 fresh weight) and the lowest was observed in Arka Alok (0.36 mg g-1 fresh weight) 

followed by Arka Vikas (0.41 mg g-1 fresh weight) under the control conditions whereas, 

maximum lycopene content was recorded for Nandi (2.94 mg g-1 fresh weight) followed 

by IC-45 (2.75 mg g-1 fresh weight) and minimum was recorded for Arka Vikas (0.35 mg 

g-1 fresh weight) followed by Arka Alok (0.37 mg g-1 fresh weight) under high 

temperature conditions (Table 13).  

The percent reduction in lycopene content under stress conditions was maximum 

for IIHR-2200 (52%) followed by Arka Sourabh (21%) and minimum for Kashi Vishesh 

(3%). The average lycopene content under control condition was 2.03 mg g-1 fresh weight 

and 1.75 mg g-1 fresh weight for temperature stress conditions. 

4.4.2. Titrable acidity 

Titratable acidity of tomato fruits was found to be significantly different with the 

highest concentration in high temperature conditions when compared to low temperature 

regimes (control). The susceptible varieties did not fruit significantly under high 

temperature conditions. The highest titrable acidity was recorded for Kashi Vishesh 

(0.76%) which is on par with Vaibhav (0.75%) and Nandi (0.71%), minimum was 

recorded for IC-45 (0.33%) under control conditions and maximum for Kashi Vishesh 

(0.86%) which is on par with Vaibhav (0.80%) and Nandi (0.81%), and minimum for IC-

45 (0.37%) under high temperature conditions (Table 14). 

The average titrable acidity under control condition was 0.52% and 0.60% under 

high temperature conditions. The percent increase in titrable acidity under heat stress was 

highest for Arka Alok (27%) and minimum for Pusa Rohini (2%). 

4.4.3. Total soluble solids  



 In our study, TSS increased in all the genotypes under temperature stress 

compared to control (Table 15). Highest TSS was recorded for Arka Samrat (5.72%) 

followed by Kashi Vishesh (5.42%) and lowest for IC-45 (2.32%) under control ambient 

condition. But under high temperature conditions highest TSS was recorded for Kashi 

Vishesh (6.23%) and lowest for IC-45 (2.57%). The percent increase in TSS was highest 

for IIHR-2200 (53%) and lowest for Arka Vikas (1%) under stress conditions. 

4.4.4. Vitamin C content  

Vitamin C content showed significant differences among the tolerant genotypes, 

all tolerant genotypes showed higher vitamin C under temperature stress conditions 

compared to control (Table 16). Vitamin C content increased when the heat stress was 

imposed during flowering and fruit set stages, indicating that its plant metabolism 

adapted to high temperature. 

Under high temperature conditions, highest concentration of vitamin C was 

observed for Nandi (32.71 mg g-1 fresh weight) and lowest for Arka Sourabh (9.67 mg g-1 

fresh weight) whereas, ascorbic acid was found highest in Palam Pride (40 mg g-1 fresh 

weight) and lowest in Arka Samrat (9.39 mg g-1 fresh weight) for control conditions. The 

percent increase in vitamin C content was maximum for IIHR-2200 (30%) and minimum 

for Pusa Ruby (1%). 

4.5. EVALUATION OF GENOTYPES UNDER HEAT STRESS FOR YIELD 

PARAMETERS  

4.5.1. Plant height  

 Under high temperature stress in polyhouse conditions all the genotypes showed 

an increment in the plant height because of the shading facility of polyhouse and high 

temperature conditions (Table 17). Elevated CO
2 

(570 μmol mol
-1

) strongly increased 

plant height weight per stem (Yang et al., 2009). 

 Maximum plant height was observed for Nandi (143.97 cm) followed by Arka 

Vikas (127.57 cm) and minimum height for Vellayani Vijay (51.9 cm) under control 



conditions and for high temperature conditions, highest value of plant height was 

observed for IC-45 (219.33 cm) and lowest for Arka Sourabh (128.33 cm). The average 

value of plant height under control and temperature stress conditions were 96.79 cm and 

162.21 cm respectively. The percent increase in plant height was maximum for Vellayani 

Vijay (70%) and minimum for Arka Vikas (14%). 

4.5.2. Number of fruits / plant 

 The data pertaining to effect of high temperature on number of fruits per plant in 

tomato genotypes is depicted in Table 18 for control and heat stress respectively. Number 

of fruits per plant was significantly decreased at high temperature in all the genotypes as 

compared to control temperature. Maximum fruits were produced by IC-45 (28) and 

Vellayani Vijay (26) and minimum by Arka Rakshak (4) and Arka Vikas (5) under 

control conditions. But under heat stress conditions highest number of fruits are produced 

by Kashi Vishesh (4) Nandi and IC-45 (3). The maximum percent decrease in number of 

fruits per plant was recorded in IIHR-2200 (93%) and the least percent decrease was 

recorded in Arka Abha (80%). 

4.5.3. Fruit set % 

Fruit set significantly decreased at high temperature in all the tomato genotypes as 

compared to control temperature (Table 19). Highest fruit set % under control condition 

was recorded in Vellayani Vijay (53.68%) followed by Kashi Vishesh (48.72%) and 

lowest in Pusa Rohini (13.56%) whereas, highest fruit set % for high temperature stress 

conditions was recorded in IC-45 (7.69%) followed by Nandi (5.56%) and lowest for 

Palam Pride (1.23%). The average fruit set percentage under control and high 

temperature stress was 33.52% and 2.87% respectively. The percent decrease in fruit set 

% was maximum for Palam Pride (96.42%) and minimum for Arka Rakshak (86.17%).  

4.5.4. Average fruit weight  

Average fruit weight was significantly decreased at high temperature in all the 

tomato genotypes as compared to control temperature (Table 20). The maximum average 

fruit weight was observed for Arka Vikas (37.23g) and minimum for IC-45 (3.91g) under 

control conditions whereas, it is maximum for Kashi Vishesh (6.61g) which is on par 



with Nandi (6.30g) and minimum for Arka Rakshak, Arka Samrat, Arka Sourabh, PKM-1 

(0.12g). The maximum percent decrease under heat stress was recorded for Pusa Rohini, 

Pusa Ruby, Arka Rakshak, Arka Samrat, Arka Sourabh, PKM-1 (susceptible varieties- > 

95% ) and minimum for IC-45 (77%) as compared to ambient conditions. 

4.5.5. Intensity of fruit drop 

 Intensity of fruit drop was less under temperature stress conditions as the number 

of fruits produced were less (Table 21). Intensity of fruit drop was maximum for Arka 

Vikas (63.8%) and minimum for Manuprabha (no fruit drop) under control conditions 

whereas, it is highest for Nandi (41%) and minimum for Anagha (7.33%). Only tolerant 

varieties showed fruiting in a significant levels and susceptible varieties produced small, 

disfigured minute fruits and fruit drop was minimum for them and flower drop was 

maximum. The varieties and interaction effect of genotypes and temperature regimes 

showed non-significant variation but treatments showed significant variation for intensity 

of fruit drop. 

 

4.5.6. Intensity of flower drop  

Flower drop percentage was maximum for PKM-1 (59.79%) followed by Manulashmi 

(50.64%) and minimum for IIHR-2200 (11.11%) followed by IC-45 (12.68%) under 

control conditions, whereas it is maximum for Arka Rakshak (99.17%) and minimum for 

IC-45 (92.31%) (Table 22). The average flower drop % were 38.13% and 97.44% under 

control and high temperature conditions respectively. The percent increase in flower drop 

% is highest for IIHR-2200 (88.7%) and lowest for PKM-1 (39.6%). The interaction 

effect of genotypes and temperature regimes showed non-significant variation for 

intensity of flower drop. 

 

 

 



 

             

 

                                                                     
  

           

 

Plate 8. Fruits obtained from different tomato genotypes grown at control condition 

Vellayani Vijay IIHR-2200 Arka Samrat 

Kashi Vishesh Arka Abha Palam Pride 

Manuprabha Akshaya IC-45 



                

  

                            

 

               

 

Plate 9. Fruits obtained from different tomato genotypes maintained at high temperature 

stress condition 

 

  

 

 

 

 

 

Kashi Vishesh Arka Alok Arka Abha 

Manulakshmi Manuprabha Nandi 

IC-45 Vaibhav Akshaya 

 



4.5.7. Yield per plant  

 Yield per plant significantly decreased at high temperature in all tomato 

genotypes as compared to control temperature. Relatively tolerant genotypes had lesser 

decrease in yield under heat stress conditions as compared to heat susceptible genotypes 

(Table 23). Nandi (213.12g/plant) gave the maximum yield per plant under control 

condition whereas, Arka Rakshak (22.41g/plant) provided the minimum yield per plant. 

Under heat stress conditions only those genotypes that are tolerant as well as moderately 

tolerant produced higher fruit yield per plant, included Nandi, Anagha, Akshaya, IIHR-

2200, Vellayani Vijay, Kashi Vishesh, Arka Abha, Arka Alok, Vaibhav, Manuprabha, 

Manulakshmi, IC-45 and IIHR-26372. Varieties like Arka Saurabh, Arka Rakshak, PKM-

1, Sakthi, Palam Pride, Arka Samrat recorded the maximum percent reduction in yield 

per plant (99%) and minimum was recorded in Kashi Vishesh (69%). 

 

4.5.8. Total dry weight per plant (g / plant) 

 The plants grown under heat stress conditions showed an increment in the total 

dry weight because those plants produced more branches and produced more number of 

leaves which are less green in colour. The roots development were well developed for the 

stress induced plants than those grown under control conditions for same varieties.  

 Total dry weight per plant was highest for Nandi (0.033 g/plant) and lowest was 

recorded for Arka Sourabh (0.010 g/plant) under control conditions. For heat stress 

conditions, Anagha (0.234 g/plant) marked highest total dry weight followed by Nandi 

(0.117 g/plant) and Arka Sourabh (0.037 g/plant) marked the lowest value. The varieties 

and interaction effect of genotypes and temperature regimes showed non-significant 

variation but treatments showed significant variation for total dry weight per plant (Table 

24).  



 

Table No. 2. Effect of high temperature on days to first flowering in different tomato 

varieties expressed in days after sowing (DAS). 

 

Sl. No. Varieties Control Treatment 

1 Nandi 62 60 61 76 76 78 

2 IC-45 60 63 62 78 80 81 

3 Pusa Rohini 58 58 60 86 89 91 

4 Pusa Ruby 56 59 63 74 78 76 

5 IIHR-2200 60 61 63 78 78 76 

6 Anagha 60 58 59 65 67 65 

7 Akshaya 58 62 64 72 76 78 

8 Vellayani Vijay 55 56 52 76 80 78 

9 Arka Vikas 62 61 64 79 78 83 

10 Kashi Vishesh 63 65 58 73 75 70 

11 Vaibhav 54 57 58 74 76 73 

12 IIHR-26372 61 63 62 75 82 77 

13 Palam Pride 60 58 65 75 82 77 

14 Arka Abha 62 61 62 79 78 77 

15 Arka Alok 62 64 64 76 76 76 

16 Manulakshmi 60 62 62 72 78 80 

17 Sakthi 62 66 68 78 78 78 



18 Manuprabha 58 60 56 76 76 78 

19 Arka Samrat 68 69 68 80 76 72 

20 Arka Sourabh 72 68 70 86 88 80 

21 PKM-1 65 60 62 76 75 76 

22 Arka Rakshak 60 61 72 86 80 85 

 

 

 

 

 

 

 



Table No. 3. Effect of high temperature on days to first fruiting in different tomato 

varieties replication wise data expressed in days after sowing (DAS). 

 

Sl. No. Varieties Control Treatment 

1 Nandi 82 80 84 -  89 -  

2 IC-45 72 74 78 87 -   - 

3 Pusa Rohini 62 72 95  - 98  -  

4 Pusa Ruby 73 69 71 107   -  - 

5 IIHR-2200 78 82 81  - -  89 

6 Anagha 84 87 87  - 91  - 

7 Akshaya 70 78 83 96  - 93 

8 Vellayani Vijay 72 78 81 -  90  - 

9 Arka Vikas 82 83 87 -   - 110  

10 Kashi Vishesh 78 75 74 -  87  - 

11 Vaibhav 72 78 81 89 -   - 

12 IIHR-26372 84 78 74 90 -  -  

13 Palam Pride 78 75 79 -  112  -  

14 Arka Abha 84 86 82 96 -  -  

15 Arka Alok 82 84 86 95 -  -  

16 Manulakshmi 85 88 84 97 -   - 

17 Sakthi 85 89 94  - -   115 



18 Manuprabha 83 83 89 -  96  - 

19 Arka Samrat 87 83 87  -  - 117  

20 Arka Sourabh 90 88 86  115  - -  

21 PKM-1 88 84 87  - 117  -  

22 Arka Rakshak 82 83 87 116  -  -  

 

 

 

 

 



 

Table No. 4. Effect of high temperature on leaf membrane thermostability of tomato 

genotypes expressed in percentage. 

Sl. No. Varieties Control Treatment 

(15 days 

after stress 

induction) 

Treatment 

(25 days 

after stress 

induction) 

Mean 

1 Nandi 87.63 71.17 51.89 70.23 

2 IC-45 48.26 45.92 37.30 43.83 

3 Pusa Rohini 12.34 26.43 26.78 21.85 

4 Pusa Ruby 62.14 37.60 29.60 43.11 

5 IIHR-2200 44.24 44.32 39.33 42.63 

6 Anagha 70.84 53.83 42.95 55.88 

7 Akshaya 71.31 76.85 44.82 64.33 

8 Vellayani Vijay 76.67 75.12 48.77 66.85 

9 Arka Vikas 12.32 42.77 35.88 30.32 

10 Kashi Vishesh 76.47 70.12 45.86 64.15 

11 Vaibhav 73.63 57.48 37.05 56.05 

12 IIHR-26372 50.88 45.62 35.77 44.09 

13 Palam Pride 46.74 45.79 37.63 43.38 

14 Arka Abha 68.90 53.55 46.27 56.24 

15 Arka Alok 53.49 56.20 44.44 51.38 



16 Manulakshmi 51.44 55.07 30.03 45.51 

17 Sakthi 49.84 53.40 32.48 45.24 

18 Manuprabha 64.03 56.10 42.23 54.12 

19 Arka Samrat 41.67 36.24 37.02 38.31 

20 Arka Sourabh 7.62 25.82 25.18 19.54 

21 PKM-1 13.53 46.88 30.03 30.15 

22 Arka Rakshak 44.12 38.06 25.13 35.77 

 

 

 

Mean 

51.28 50.65 37.57   

Factors SE(m) 
C.D. (0.5%) 

  

Varieties 0.69 1.92 
 

Treatments  0.25 0.71 
 

Factor (V X T) 1.19 3.33 
 

 



Table No. 5.  Effect of high temperature on pollen viability of tomato genotypes 

expressed in percentage. 

Sl. No. Varieties Control Treatment Mean 

1 Nandi 95.01 87.38 91.19 

2 IC-45 95.33 79.82 87.57 

3 Pusa Rohini 90.08 44.33 67.20 

4 Pusa Ruby 94.82 47.77 71.30 

5 IIHR-2200 94.17 50.33 72.25 

6 Anagha 97.45 50.81 74.13 

7 Akshaya 95.81 54.21 75.01 

8 Vellayani Vijay 96.25 63.33 79.79 

9 Arka Vikas 88.91 36.31 62.61 

10 Kashi Vishesh 96.20 52.34 74.27 

11 Vaibhav 95.05 64.56 79.80 

12 IIHR-26372 94.94 58.56 76.75 

13 Palam Pride 95.88 48.48 72.18 

14 Arka Abha 94.00 44.72 69.36 

15 Arka Alok 95.03 53.76 74.39 

16 Manulakshmi 95.43 46.04 70.74 

17 Sakthi 92.29 42.63 67.46 

18 Manuprabha 97.19 49.39 73.29 



19 Arka Samrat 95.66 42.08 68.87 

20 Arka Sourabh 91.69 39.72 65.70 

21 PKM-1 92.09 49.07 70.58 

22 Arka Rakshak 89.92 45.49 67.71 

 Mean 94.24 52.32   

 
Factors SE(m) 

C.D. (0.5%) 

  

Varieties 1.46 4.12 
 

Treatments 0.44 1.24 
 

Factor (V X T) 2.07 5.83 
 

 



Table No. 6. Effect of high temperature on total chlorophyll content of tomato 

genotypes expressed in percentage. 

 

Sl. No. Varieties Control Treatment 

(15 days 

after stress 

induction) 

Treatment 

(25 days 

after stress 

induction) 

Mean  

1 Nandi 2.12 0.60 0.52 1.08 

2 IC-45 1.55 0.55 0.47 0.86 

3 Pusa Rohini 1.80 0.57 0.52 0.96 

4 Pusa Ruby 1.31 0.76 0.38 0.82 

5 IIHR-2200 1.85 0.86 0.41 1.04 

6 Anagha 1.74 0.58 0.46 0.92 

7 Akshaya 2.20 0.71 0.56 1.15 

8 Vellayani Vijay 2.20 0.76 0.58 1.18 

9 Arka Vikas 1.28 0.52 0.42 0.74 

10 Kashi Vishesh 1.86 0.66 0.56 1.03 

11 Vaibhav 1.97 0.70 0.60 1.09 

12 IIHR-26372 2.12 0.74 0.64 1.16 

13 Palam Pride 1.57 0.56 0.47 0.87 

14 Arka Abha 1.86 0.64 0.56 1.02 

15 Arka Alok 2.30 0.84 0.71 1.28 

16 Manulakshmi 1.96 0.79 0.65 1.13 



17 Sakthi 1.46 0.50 0.44 0.80 

18 Manuprabha 2.01 0.69 0.60 1.10 

19 Arka Samrat 1.29 0.75 0.36 0.80 

20 Arka Sourabh 2.22 0.82 0.68 1.24 

21 PKM-1 2.01 0.71 0.61 1.11 

22 Arka Rakshak 2.07 0.81 0.66 1.18 

 Mean 1.85 0.69 0.54   

Factors SE(m) 
C.D. (0.5%) 

  

Varieties 0.05 0.14 
 

Treatments 0.02 0.05 
 

Factor (V X T) 0.09 0.25 
 

 



Table No. 7. Effect of high temperature on photosynthetic rate of tomato genotypes 

expressed in µmol CO2 m-2 sec-1. 

 

Sl. No. Varieties Control Treatment 

(15 days after 

stress 

induction) 

Treatment 

(25 days 

after stress 

induction) 

Mean 

1 Nandi 20.31 18.28 17.03 18.54 

2 IC-45 18.69 16.57 15.52 16.93 

3 Pusa Rohini 18.10 15.80 14.85 16.25 

4 Pusa Ruby 19.20 17.12 16.39 17.57 

5 IIHR-2200 20.18 18.37 18.13 18.89 

6 Anagha 21.12 17.17 17.75 18.68 

7 Akshaya 21.83 21.47 17.70 20.34 

8 Vellayani Vijay 23.03 22.22 17.97 21.07 

9 Arka Vikas 18.79 14.87 14.10 15.92 

10 Kashi Vishesh 21.76 18.82 18.63 19.74 

11 Vaibhav 20.95 17.96 15.63 18.18 

12 IIHR-26372 18.33 15.79 14.37 16.16 

13 Palam Pride 21.05 17.18 14.70 17.64 

14 Arka Abha 18.23 16.55 14.20 16.33 

15 Arka Alok 21.75 19.07 19.22 20.01 

16 Manulakshmi 19.23 18.72 17.33 18.43 



17 Sakthi 17.70 17.75 15.63 17.03 

18 Manuprabha 16.93 17.31 14.43 16.23 

19 Arka Samrat 20.81 16.90 17.00 18.24 

20 Arka Sourabh 18.29 15.23 14.30 15.94 

21 PKM-1 18.73 16.60 15.47 16.93 

22 Arka Rakshak 19.75 16.07 14.59 16.80 

 Mean 19.76 17.54 16.13   

Factors SE(m) 
C.D. (0.5%) 

  

Varieties 0.28 0.78 
 

Treatments 0.10 0.29 
 

Factor (V X T) 0.48 1.36 
 

 



Table No. 8. Effect of high temperature on transpiration rate of tomato genotypes 

expressed in mmol H2O CO2 m-2 sec-1. 

 

Sl. No. Varieties Control Treatment 

(15 days after 

stress 

induction) 

Treatment 

(25 days 

after stress 

induction) 

Mean 

1 Nandi 0.51 0.50 0.61 0.54 

2 IC-45 0.93 0.70 0.55 0.72 

3 Pusa Rohini 0.61 0.50 0.45 0.52 

4 Pusa Ruby 0.58 0.53 0.48 0.53 

5 IIHR-2200 0.61 0.57 0.41 0.53 

6 Anagha 1.07 1.25 0.62 0.98 

7 Akshaya 1.33 0.88 0.76 0.99 

8 Vellayani Vijay 0.98 0.95 0.83 0.92 

9 Arka Vikas 0.61 0.47 0.36 0.48 

10 Kashi Vishesh 0.77 0.76 0.67 0.74 

11 Vaibhav 1.36 1.12 0.72 1.07 

12 IIHR-26372 0.94 0.81 0.66 0.80 

13 Palam Pride 0.49 0.45 0.51 0.48 

14 Arka Abha 0.78 0.72 0.64 0.71 

15 Arka Alok 0.62 0.56 0.45 0.54 



16 Manulakshmi 0.87 0.68 0.45 0.67 

17 Sakthi 1.00 0.75 0.55 0.77 

18 Manuprabha 1.36 0.70 0.67 0.91 

19 Arka Samrat 0.49 0.44 0.40 0.44 

20 Arka Sourabh 1.17 0.67 0.38 0.74 

21 PKM-1 0.97 0.81 0.57 0.78 

22 Arka Rakshak 0.59 0.48 0.35 0.47 

 Mean 0.85 0.70 0.55   

 

 

Factors 

 

 

SE(m) 

 

 

C.D. (0.5%) 

 

 

Varieties 0.05 0.13 
 

Treatments 0.02 0.05 
 

Factor (V X T) 0.08 0.22 
 

 

 

 

 

 



Table No. 9. Effect of high temperature on stomatal conductance of tomato 

genotypes expressed in mmol H2O CO2 m-2 sec-1.    

Sl. No. Varieties Control Treatment 

(15 days 

after 

stress 

induction) 

Treatment 

(25 days 

after 

stress 

induction) 

Mean 

1 Nandi 67.67 67.00 62.33 65.67 

2 IC-45 71.67 68.00 57.33 65.67 

3 Pusa Rohini 50.67 51.00 32.67 44.78 

4 Pusa Ruby 47.00 43.67 47.33 46.00 

5 IIHR-2200 58.33 43.33 35.00 45.56 

6 Anagha 54.00 38.67 37.67 43.44 

7 Akshaya 61.67 56.00 52.33 56.67 

8 Vellayani Vijay 69.67 68.00 62.33 66.67 

9 Arka Vikas 88.33 54.33 35.00 59.22 

10 Kashi Vishesh 61.33 52.33 56.33 56.67 

11 Vaibhav 65.67 68.00 52.00 61.89 

12 IIHR-26372 54.00 48.00 40.67 47.56 

13 Palam Pride 67.33 66.67 54.67 62.89 

14 Arka Abha 59.67 59.33 41.00 53.33 

15 Arka Alok 63.33 57.67 47.67 56.22 



16 Manulakshmi 63.33 57.33 41.67 54.11 

17 Sakthi 73.00 57.67 51.33 60.67 

18 Manuprabha 53.67 61.00 55.00 56.56 

19 Arka Samrat 54.00 50.67 40.67 48.44 

20 Arka Sourabh 44.33 41.33 32.00 39.22 

21 PKM-1 76.33 70.67 48.33 65.11 

22 Arka Rakshak 78.00 56.67 35.33 56.67 

 Mean 62.86 56.24 46.30   

Factors SE(m) 
C.D. (0.5%) 

  

Varieties 1.90 5.32 
 

Treatments 0.70 1.96 
 

Factor (V X T) 3.29 9.21 
 

 



Table No. 10. Effect of high temperature on chlorophyll fluorescence of tomato 

genotypes.    

Sl. No. Varieties Control Treatment 

(15 days 

after 

stress 

induction) 

Treatment 

(25 days 

after 

stress 

induction) 

Mean 

1 Nandi 0.72 0.79 0.75 0.75 

2 IC-45 0.63 0.56 0.55 0.58 

3 Pusa Rohini 0.64 0.68 0.55 0.62 

4 Pusa Ruby 0.63 0.66 0.64 0.64 

5 IIHR-2200 0.64 0.72 0.66 0.67 

6 Anagha 0.74 0.77 0.75 0.75 

7 Akshaya 0.73 0.81 0.73 0.76 

8 Vellayani Vijay 0.74 0.82 0.72 0.76 

9 Arka Vikas 0.62 0.57 0.46 0.55 

10 Kashi Vishesh 0.72 0.81 0.65 0.72 

11 Vaibhav 0.69 0.69 0.60 0.66 

12 IIHR-26372 0.67 0.66 0.54 0.62 

13 Palam Pride 0.62 0.66 0.52 0.60 

14 Arka Abha 0.71 0.78 0.68 0.73 

15 Arka Alok 0.74 0.76 0.60 0.70 

16 Manulakshmi 0.74 0.73 0.65 0.71 



17 Sakthi 0.63 0.64 0.56 0.61 

18 Manuprabha 0.74 0.75 0.61 0.70 

19 Arka Samrat 0.66 0.66 0.51 0.61 

20 Arka Sourabh 0.66 0.65 0.46 0.59 

21 PKM-1 0.63 0.55 0.48 0.55 

22 Arka Rakshak 0.64 0.53 0.49 0.55 

 Mean 0.68 0.69 0.60   

Factors SE(m) 
C.D. (0.5%) 

  

Varieties 0.008 0.023 
 

Treatments 0.003 0.009 
 

Factor (V X T) 0.014 0.041 
 

 



Table No. 11. Effect of high temperature on starch content of tomato genotypes 

expressed in mg g-1 fresh weight.    

 

Sl. No. Varieties Control Treatment 

(15 days 

after 

stress 

induction) 

Treatment 

(25 days 

after 

stress 

induction) 

Mean  

1 Nandi 281.33 259.73 222.76 254.60 

2 IC-45 250.06 219.39 208.07 225.84 

3 Pusa Rohini 245.63 228.06 114.08 195.92 

4 Pusa Ruby 252.98 241.69 212.82 235.83 

5 IIHR-2200 250.73 127.28 127.44 168.49 

6 Anagha 271.17 242.21 235.67 249.68 

7 Akshaya 271.11 262.61 211.80 248.51 

8 Vellayani Vijay 288.52 283.25 191.91 254.56 

9 Arka Vikas 209.70 101.90 92.33 134.65 

10 Kashi Vishesh 279.95 263.03 204.87 249.28 

11 Vaibhav 312.97 311.36 200.21 274.85 

12 IIHR-26372 239.47 205.76 168.27 204.50 

13 Palam Pride 264.15 240.46 189.25 231.29 

14 Arka Abha 221.26 193.61 165.21 193.36 



15 Arka Alok 280.82 243.97 171.93 232.24 

16 Manulakshmi 304.45 293.69 191.52 263.22 

17 Sakthi 245.40 224.59 162.70 210.90 

18 Manuprabha 283.79 247.08 219.24 250.04 

19 Arka Samrat 283.12 204.92 183.69 223.91 

20 Arka Sourabh 262.54 108.49 84.37 151.80 

21 PKM-1 269.61 224.55 103.21 199.12 

22 Arka Rakshak 214.06 110.09 94.20 139.45 

 Mean 262.86 219.90 170.71   

Factors SE(m) 
C.D. (0.5%) 

  

Varieties 2.61 7.30 
 

Treatments 0.96 2.70 
 

Factor (V X T) 4.52 12.65 
 

 

 

 

 

 



Table No. 12. Effect of high temperature on soluble sugar content of tomato 

genotypes expressed in mg g-1 fresh weight.    

Sl. No. Varieties Control Treatment 

(15 days 

after stress 

induction) 

Treatment 

(25 days 

after stress 

induction) 

Mean 

1 Nandi 77.73 57.08 53.65 62.82 

2 IC-45 57.52 53.52 41.54 50.86 

3 Pusa Rohini 56.03 47.44 41.35 48.27 

4 Pusa Ruby 60.65 52.33 49.38 54.12 

5 IIHR-2200 57.23 60.20 55.53 57.65 

6 Anagha 66.43 57.88 49.74 58.02 

7 Akshaya 65.88 62.22 56.82 61.64 

8 Vellayani Vijay 67.79 62.73 59.60 63.37 

9 Arka Vikas 53.41 50.08 46.41 49.97 

10 Kashi Vishesh 65.99 63.44 53.30 60.91 

11 Vaibhav 63.67 58.31 51.06 57.68 

12 IIHR-26372 54.58 48.24 42.33 48.38 

13 Palam Pride 61.80 50.25 42.80 51.62 

14 Arka Abha 55.91 55.56 50.07 53.85 

15 Arka Alok 57.40 52.92 53.46 54.59 

16 Manulakshmi 72.03 66.49 56.81 65.11 



17 Sakthi 56.96 52.74 45.80 51.83 

18 Manuprabha 71.83 71.59 52.91 65.44 

19 Arka Samrat 62.56 53.50 43.98 53.35 

20 Arka Sourabh 54.94 52.05 46.30 51.10 

21 PKM-1 53.83 45.04 45.61 48.16 

22 Arka Rakshak 51.92 45.14 35.73 44.26 

 Mean 61.19 55.40 48.83  

Factors SE(m) 
C.D. (0.5%) 

  

Varieties 0.77 2.16 
 

Treatments 0.29 0.80 
 

Factor (V X T) 1.34 3.74 
 

 

 

 

 

 

 

 

Table No. 13. Effect of high temperature on lycopene content of tomato genotypes 

expressed in mg g-1 fresh weight.    

Sl. No. Varieties Control Treatment Mean 



1 Nandi 3.38 2.94 3.16 

2 IC-45 2.67 2.75 2.71 

3 Pusa Rohini 3.53 3.28 3.40 

4 Pusa Ruby 3.19 2.77 2.98 

5 IIHR-2200 5.49 2.60 4.04 

6 Anagha 0.90 0.94 0.92 

7 Akshaya 1.72 1.58 1.65 

8 Vellayani Vijay 2.38 2.20 2.29 

9 Arka Vikas 0.41 0.35 0.38 

10 Kashi Vishesh 1.58 1.53 1.55 

11 Vaibhav 0.99 1.11 1.05 

12 IIHR-26372 0.68 0.68 0.68 

13 Palam Pride 3.46 3.18 3.32 

14 Arka Abha 2.72 2.47 2.60 

15 Arka Alok 0.36 0.37 0.37 

16 Manulakshmi 1.20 1.20 1.20 

17 Sakthi 0.72 0.57 0.65 

18 Manuprabha 2.30 1.94 2.12 

19 Arka Samrat 3.09 2.80 2.95 

20 Arka Sourabh 0.90 0.71 0.81 



21 PKM-1 1.45 1.20 1.33 

22 Arka Rakshak 1.50 1.30 1.40 

 Mean 2.03 1.75   

 
Factors SE(m) 

C.D. (0.5%) 

  

Varieties 0.09 0.24 
 

Treatments 0.03 0.07 
 

Factor (V X T) 0.12 0.34 
 

 



Table No. 14.  Effect of high temperature on titrable acidity of tomato genotypes 

expressed in %.    

Sl. No. Varieties Control Treatment Mean 

1 Nandi 0.71 0.81 0.76 

2 IC-45 0.33 0.37 0.35 

3 Pusa Rohini 0.39 0.40 0.39 

4 Pusa Ruby 0.43 0.41 0.42 

5 IIHR-2200 0.53 0.61 0.57 

6 Anagha 0.54 0.64 0.59 

7 Akshaya 0.56 0.69 0.63 

8 Vellayani Vijay 0.50 0.68 0.59 

9 Arka Vikas 0.48 0.52 0.50 

10 Kashi Vishesh 0.76 0.86 0.81 

11 Vaibhav 0.75 0.80 0.77 

12 IIHR-26372 0.54 0.70 0.62 

13 Palam Pride 0.64 0.67 0.66 

14 Arka Abha 0.60 0.77 0.69 

15 Arka Alok 0.39 0.54 0.47 

16 Manulakshmi 0.60 0.71 0.66 

17 Sakthi 0.44 0.47 0.45 

18 Manuprabha 0.52 0.66 0.59 



19 Arka Samrat 0.53 0.56 0.55 

20 Arka Sourabh 0.37 0.41 0.39 

21 PKM-1 0.43 0.48 0.46 

22 Arka Rakshak 0.39 0.42 0.41 

 Mean 0.52 0.60   

 
Factors SE(m) 

C.D. (0.5%) 

  

Varieties 0.017 0.047 
 

Treatments 0.005 0.014 
 

Factor (V X T) 0.023 0.066 
 

 



Table No. 15.  Effect of high temperature on total soluble solids of tomato genotypes 

expressed in degree brix.    

Sl. No. Varieties Control Treatment Mean 

1 Nandi 5.30 5.76 5.53 

2 IC-45 2.32 2.57 2.45 

3 Pusa Rohini 3.45 3.54 3.50 

4 Pusa Ruby 4.17 4.24 4.20 

5 IIHR-2200 2.41 5.13 3.77 

6 Anagha 3.85 4.77 4.31 

7 Akshaya 5.29 5.55 5.42 

8 Vellayani Vijay 4.56 5.60 5.08 

9 Arka Vikas 4.63 4.68 4.66 

10 Kashi Vishesh 5.42 6.23 5.83 

11 Vaibhav 4.75 5.57 5.16 

12 IIHR-26372 4.31 4.70 4.51 

13 Palam Pride 2.58 2.73 2.65 

14 Arka Abha 3.69 4.31 4.00 

15 Arka Alok 4.68 4.41 4.55 

16 Manulakshmi 4.48 5.32 4.90 

17 Sakthi 3.35 3.40 3.37 

18 Manuprabha 5.17 5.50 5.33 



19 Arka Samrat 5.72 5.77 5.74 

20 Arka Sourabh 2.61 2.67 2.64 

21 PKM-1 3.69 3.80 3.74 

22 Arka Rakshak 3.59 3.68 3.63 

 Mean 4.09 4.54   

 
Factors SE(m) 

C.D. (0.5%) 

  

Varieties 0.05 0.14 
 

Treatments 0.02 0.04 
 

Factor (V X T) 0.07 0.20 
 

 



Table No. 16.  Effect of high temperature on ascorbic acid content of tomato 

genotypes expressed in mg g-1 fresh weight.    

Sl. No. Varieties Control Treatment Mean 

1 Nandi 27.43 32.71 30.07 

2 IC-45 14.63 16.00 15.32 

3 Pusa Rohini 30.87 30.83 30.85 

4 Pusa Ruby 27.37 27.70 27.54 

5 IIHR-2200 16.51 23.87 20.19 

6 Anagha 20.99 24.87 22.93 

7 Akshaya 22.63 23.90 23.27 

8 Vellayani Vijay 19.86 21.23 20.55 

9 Arka Vikas 15.57 16.23 15.90 

10 Kashi Vishesh 23.17 26.83 25.00 

11 Vaibhav 17.53 19.86 18.70 

12 IIHR-26372 25.15 29.95 27.55 

13 Palam Pride 40.00 38.20 39.10 

14 Arka Abha 13.20 18.79 16.00 

15 Arka Alok 16.27 17.77 17.02 

16 Manulakshmi 15.30 15.80 15.55 

17 Sakthi 13.24 12.63 12.94 

18 Manuprabha 26.63 28.68 27.66 



19 Arka Samrat 9.39 9.80 9.60 

20 Arka Sourabh 9.46 9.67 9.56 

21 PKM-1 11.33 11.80 11.57 

22 Arka Rakshak 25.68 26.23 25.96 

 Mean 20.10 21.97   

 Factors SE(m) C.D. (0.5%)   

  

  

  

Varieties 0.46 1.30 

Treatments 0.14 0.39 

Factor (V X T) 0.65 1.84 

 



Table No. 17.  Effect of high temperature on plant height of tomato expressed in cm.    

Sl. No. Varieties Control Treatment Mean 

1 Nandi 143.97 161.33 152.65 

2 IC-45 85.67 219.33 152.50 

3 Pusa Rohini 101.70 154.67 128.18 

4 Pusa Ruby 104.17 172.67 138.42 

5 IIHR-2200 113.00 166.33 139.67 

6 Anagha 96.40 146.67 121.53 

7 Akshaya 101.83 165.33 133.58 

8 Vellayani Vijay 51.90 176.67 114.28 

9 Arka Vikas 127.57 148.67 138.12 

10 Kashi Vishesh 84.33 147.00 115.67 

11 Vaibhav 91.87 167.67 129.77 

12 IIHR-26372 109.97 174.67 142.32 

13 Palam Pride 101.23 164.00 132.62 

14 Arka Abha 93.33 183.00 138.17 

15 Arka Alok 68.83 163.67 116.25 

16 Manulakshmi 80.33 172.67 126.50 

17 Sakthi 90.17 130.33 110.25 

18 Manuprabha 106.37 142.67 124.52 

19 Arka Samrat 96.93 159.67 128.30 



20 Arka Sourabh 73.50 128.33 100.92 

21 PKM-1 109.67 174.33 142.00 

22 Arka Rakshak 96.77 149.00 122.88 

 Mean 96.80 162.21   

 
Factors SE(m) 

C.D. (0.5%) 

  

Varieties 6.75 19.00 
 

Treatments 2.04 5.73 
 

Factor (V X T) 9.55 26.87 
 

 



Table No. 18. Effect of temperature on number of fruits of tomato genotypes under 

control and high temperature stress conditions. 

Sl. No. Varieties Control Treatment Mean 

1 Nandi 8.00 1.00 4.50 

2 IC-45 9.33 1.00 5.17 

3 Pusa Rohini 2.33 0.33 1.33 

4 Pusa Ruby 3.33 0.33 1.83 

5 IIHR-2200 5.33 0.33 2.83 

6 Anagha 5.33 0.67 3.00 

7 Akshaya 5.67 0.67 3.17 

8 Vellayani Vijay 8.67 0.67 4.67 

9 Arka Vikas 1.67 0.33 1.00 

10 Kashi Vishesh 5.33 1.33 3.33 

11 Vaibhav 4.67 0.67 2.67 

12 IIHR-26372 3.67 0.67 2.17 

13 Palam Pride 4.33 0.33 2.33 

14 Arka Abha 5.00 1.00 3.00 

15 Arka Alok 3.33 1.00 2.17 

16 Manulakshmi 4.00 0.67 2.33 

17 Sakthi 3.33 0.33 1.83 

18 Manuprabha 4.33 0.33 2.33 



19 Arka Samrat 4.33 0.33 2.33 

20 Arka Sourabh 2.00 0.33 1.17 

21 PKM-1 2.33 0.33 1.33 

22 Arka Rakshak 1.33 0.33 0.83 

 Mean 4.44 0.59   

 
Factors SE(m) 

C.D. (0.5%) 

  

Varieties 0.47 1.32 
 

Treatments 0.14 0.40 
 

Factor (V X T) 0.66 1.87 
 

 



Table No. 19.  Effect of high temperature on fruit set percentage of tomato 

genotypes expressed in %.    

Sl. No. Varieties Control Treatment Mean 

1 Nandi 44.55 5.56 25.05 

2 IC-45 30.56 7.69 19.13 

3 Pusa Rohini 13.56 1.59 7.57 

4 Pusa Ruby 32.63 2.38 17.51 

5 IIHR-2200 31.79 2.08 16.94 

6 Anagha 40.66 4.17 22.42 

7 Akshaya 42.81 2.73 22.77 

8 Vellayani Vijay 53.68 2.30 27.99 

9 Arka Vikas 15.27 1.96 8.61 

10 Kashi Vishesh 48.72 5.13 26.92 

11 Vaibhav 38.10 2.38 20.24 

12 IIHR-26372 31.64 2.90 17.27 

13 Palam Pride 34.43 1.23 17.83 

14 Arka Abha 36.33 2.86 19.59 

15 Arka Alok 35.80 3.03 19.42 

16 Manulakshmi 35.82 1.90 18.86 

17 Sakthi 29.43 2.22 15.83 

18 Manuprabha 35.68 2.15 18.41 



19 Arka Samrat 36.70 2.56 19.63 

20 Arka Sourabh 26.16 2.56 14.36 

21 PKM-1 24.60 2.22 13.41 

22 Arka Rakshak 18.54 2.56 10.55 

 Mean 33.52 2.87   

 
Factors SE(m) 

C.D. (0.5%) 

  

Varieties 3.18 8.96 
 

Treatments 0.96 2.70 
 

Factor (V X T) 4.50 12.67 
 

 



Table No. 20.  Effect of high temperature on average fruit weight content of tomato 

genotypes expressed in g. 

Sl. No. Varieties Control Treatment Mean 

1 Nandi 26.91 6.30 16.61 

2 IC-45 3.91 0.96 2.43 

3 Pusa Rohini 34.78 0.27 17.53 

4 Pusa Ruby 32.41 0.15 16.28 

5 IIHR-2200 15.00 1.14 8.07 

6 Anagha 19.84 3.46 11.65 

7 Akshaya 23.01 1.45 12.23 

8 Vellayani Vijay 17.08 3.25 10.16 

9 Arka Vikas 37.23 0.14 18.68 

10 Kashi Vishesh 17.24 6.61 11.92 

11 Vaibhav 23.99 1.49 12.74 

12 IIHR-26372 20.86 1.28 11.07 

13 Palam Pride 31.11 0.16 15.64 

14 Arka Abha 35.18 1.21 18.19 

15 Arka Alok 16.04 0.97 8.51 

16 Manulakshmi 19.88 1.03 10.46 

17 Sakthi 16.18 0.34 8.26 

18 Manuprabha 29.66 1.02 15.34 



19 Arka Samrat 31.10 0.12 15.61 

20 Arka Sourabh 18.14 0.12 9.13 

21 PKM-1 14.76 0.12 7.44 

22 Arka Rakshak 11.21 0.12 5.66 

 Mean 22.52 1.44   

 
Factors SE(m) 

C.D. (0.5%) 

  

Varieties 1.91 5.37 
 

Treatments 0.58 1.62 
 

Factor (V X T) 2.69 7.59 
 

 



Table No. 21.  Effect of high temperature on flower drop percentage of tomato 

genotypes expressed in %.    

Sl. No. Varieties Control Treatment Mean 

1 Nandi 17.88 94.44 56.16 

2 IC-45 12.68 92.31 52.49 

3 Pusa Rohini 41.90 98.41 70.16 

4 Pusa Ruby 40.13 98.10 69.12 

5 IIHR-2200 11.11 97.92 54.52 

6 Anagha 30.97 98.41 64.69 

7 Akshaya 29.87 97.27 63.57 

8 Vellayani Vijay 28.49 97.70 63.10 

9 Arka Vikas 50.29 98.74 74.52 

10 Kashi Vishesh 46.10 94.87 70.49 

11 Vaibhav 50.29 97.62 73.96 

12 IIHR-26372 30.90 97.10 64.00 

13 Palam Pride 41.08 98.77 69.92 

14 Arka Abha 45.93 97.14 71.54 

15 Arka Alok 28.59 96.97 62.78 

16 Manulakshmi 50.64 98.10 74.37 

17 Sakthi 49.39 99.03 74.21 

18 Manuprabha 43.01 95.40 69.21 



19 Arka Samrat 52.46 98.47 75.47 

20 Arka Sourabh 37.85 98.78 68.32 

21 PKM-1 59.79 99.06 79.42 

22 Arka Rakshak 39.57 99.17 69.37 

 Mean 38.13 97.44   

 
Factors SE(m) 

C.D. (0.5%) 

  

Varieties 5.87 N/A 
 

Treatments 1.77 4.98 
 

Factor (V X T) 8.30 N/A 
 

 



Table No. 22.  Effect of high temperature on intensity of fruit drop in tomato 

genotypes expressed in %. 

Sl. No. Varieties Control Treatment Mean 

1 Nandi 1.58 1.53 1.55 

2 IC-45 1.18 1.18 1.18 

3 Pusa Rohini 1.73 1.00 1.37 

4 Pusa Ruby 1.75 1.00 1.38 

5 IIHR-2200 1.34 1.00 1.17 

6 Anagha 1.38 1.17 1.28 

7 Akshaya 1.41 1.26 1.34 

8 Vellayani Vijay 1.31 1.35 1.33 

9 Arka Vikas 1.86 1.00 1.43 

10 Kashi Vishesh 1.42 1.21 1.32 

11 Vaibhav 1.29 1.00 1.15 

12 IIHR-26372 1.37 1.00 1.19 

13 Palam Pride 1.26 1.00 1.13 

14 Arka Abha 1.14 1.00 1.07 

15 Arka Alok 1.23 1.18 1.21 

16 Manulakshmi 1.34 1.00 1.17 

17 Sakthi 1.39 1.00 1.20 

18 Manuprabha 1.00 1.00 1.00 



19 Arka Samrat 1.36 1.00 1.18 

20 Arka Sourabh 1.43 1.00 1.21 

21 PKM-1 1.47 1.00 1.24 

22 Arka Rakshak 1.61 1.00 1.30 

 Mean 1.40 1.09   

 
Factors SE(m) 

C.D. (0.5%) 

  

Varieties 0.12 N/A 
 

Treatments 0.04 0.10 
 

Factor (V X T) 0.16 N/A 
 

 



Table No. 23.  Effect of high temperature on yield per plant of tomato genotypes 

expressed in g/ plant.    

Sl. No. Varieties Control Treatment Mean 

1 Nandi 213.12 18.90 116.01 

2 IC-45 36.31 1.92 19.11 

3 Pusa Rohini 80.37 0.80 40.59 

4 Pusa Ruby 106.18 0.15 53.16 

5 IIHR-2200 81.06 1.14 41.10 

6 Anagha 107.35 3.46 55.41 

7 Akshaya 132.50 1.45 66.97 

8 Vellayani Vijay 133.59 3.25 68.42 

9 Arka Vikas 58.36 0.14 29.25 

10 Kashi Vishesh 85.50 26.44 55.97 

11 Vaibhav 126.12 6.50 66.31 

12 IIHR-26372 57.22 1.28 29.25 

13 Palam Pride 142.31 0.16 71.24 

14 Arka Abha 179.94 3.62 91.78 

15 Arka Alok 59.08 2.92 31.00 

16 Manulakshmi 80.32 1.03 40.68 

17 Sakthi 56.79 0.34 28.57 

18 Manuprabha 135.90 1.02 68.46 



19 Arka Samrat 135.02 0.12 67.57 

20 Arka Sourabh 36.28 0.12 18.20 

21 PKM-1 34.39 0.12 17.25 

22 Arka Rakshak 22.41 0.12 11.26 

 Mean 95.46 3.41   

 
Factors SE(m) 

C.D. (0.5%) 

  

Varieties 12.17 34.25 
 

Treatments 3.67 10.33 
 

Factor (V X T) 17.20 48.43 
 

 



Table No. 24.  Effect of high temperature on total dry weight of tomato genotypes 

expressed in g. 

Sl. No. Varieties Control Treatment Mean 

1 Nandi 0.033 0.117 0.075 

2 IC-45 0.026 0.052 0.039 

3 Pusa Rohini 0.013 0.038 0.026 

4 Pusa Ruby 0.032 0.071 0.051 

5 IIHR-2200 0.024 0.066 0.045 

6 Anagha 0.014 0.234 0.124 

7 Akshaya 0.015 0.081 0.048 

8 Vellayani Vijay 0.011 0.074 0.043 

9 Arka Vikas 0.014 0.052 0.033 

10 Kashi Vishesh 0.018 0.072 0.045 

11 Vaibhav 0.015 0.078 0.047 

12 IIHR-26372 0.019 0.058 0.039 

13 Palam Pride 0.015 0.050 0.032 

14 Arka Abha 0.017 0.073 0.045 

15 Arka Alok 0.012 0.059 0.036 

16 Manulakshmi 0.026 0.075 0.050 

17 Sakthi 0.015 0.043 0.029 

18 Manuprabha 0.022 0.082 0.052 



19 Arka Samrat 0.016 0.047 0.031 

20 Arka Sourabh 0.010 0.037 0.024 

21 PKM-1 0.014 0.052 0.033 

22 Arka Rakshak 0.015 0.075 0.045 

 Mean 0.018 0.072  

 
Factors SE(m) 

C.D. (0.5%) 

  

Varieties 0.018 N/A 
 

Treatments 0.005 0.015 
 

Factor (V X T) 0.025 N/A 
 

 

 

 



4.6. CORRELATION ANALYSIS 

Correlation coefficient is a statistical measure, which is used to know the degree 

and direction of relationship between two or more variables. The degree of association 

also affects an effectiveness of selection process. The data on various traits which were 

recorded under the ambient and heat stress conditions in tomato genotypes were 

subjected to correlation analysis. The results of correlation between some of the 

characters under both the conditions are presented in table 25 and 26. 

Correlation between different traits and yield under control condition 

 Correlation between different traits and yield under control condition is 

represented in table no. 25. Under control condition, tomato yield was found to be 

positively correlated with physiological parameters such as membrane stability index (r = 

0.544), photosynthetic rate (r = 0.104), starch content (r = 0.249), soluble sugar content (r 

= 0.589), transpiration rate (r = 0.024), chlorophyll fluorescence (r = 0.380), pollen 

viability (r = 0.410), total chlorophyll content (r = 0.300). Similarly, negative correlation 

was observed for yield with physiological parameters like stomatal conductance (r = -

0.213) under control condition. Significant positive correlation were observed with yield 

and membrane stability index (r = 0.544**), starch content (r = 0.249*), soluble sugar 

content (r = 0.589**), chlorophyll fluorescence (r = 0.380**), pollen viability (r = 

0.410**). 

 Yield was found to have significant positive correlation with quality parameters 

such as titrable acidity (r = 0.488**), total soluble solids (r = 0.361**), ascorbic acid (r = 

0.351**) and lycopene content (r = 0.337**) under control conditions.  

In case of yield parameters, positive correlation was observed for plant height (r = 

0.229), number of fruits (r = 0.541), fruit set % (r = 0.507), average fruit weight (r = 

0.567), total dry mass (r = 0.220). Negative correlation was observed for yield with 

intensity of fruit drop (r = -0.303) and intensity of flower drop (r = -0.021). Significant 



positive correlation were observed with yield and  number of fruits (r = 0.541**), fruit 

set % (r = 0.507**), average fruit weight (r = 0.567**). 

Correlation between different traits and yield under heat stress condition 

Correlation between different traits and yield under heat stress condition is shown 

in the table no. 26. Correlation study revealed that tomato yield per plant under heat 

stress condition was positively correlated with physiological parameters such as 

membrane stability index (r = 0.258), photosynthetic rate (r = 0.482), stomatal 

conductance (r = 0.321), transpiration rate (r = 0.103), starch content (r = 0.414), soluble 

sugar (r = 0.381), chlorophyll fluorescence (r =0.260) and pollen viability (0.252) and 

total chlorophyll content (r = 0.347). Significant positive correlation were found out 

between yield and membrane stability index (r = 0.258*), photosynthetic rate (r = 

0.482**), stomatal conductance (r = 0.321*), starch content (r = 0.414**), soluble sugar 

(r = 0.381*), chlorophyll fluorescence (r =0.260*) and pollen viability (0.252*) and total 

chlorophyll content (r = 0.347**). 

In case of correlation of yield per plant with quality parameters, significant 

positive correlation was observed with total soluble solids (r = 0.261*), and positive 

correlation was observed with titrable acidity (r = 0.005), ascorbic acid (r = 0.161) and 

lycopene content (r = 0.011) under high temperature conditions. 

In case of yield parameters, positive correlation was observed for plant height (r = 

0.044), number of fruits (r = 0.699), fruit set % (r = 0.936), average fruit weight (r = 

0.604), intensity of fruit drop (r = 0.227) total dry mass (r = 0.034). Significant positive 

correlation was observed with number of fruits (r = 0.699**), fruit set % (r = 0.936**), 

average fruit weight (r = 0.604**), Negative correlation was observed for yield with 

intensity of flower drop (r = -0.656). 

 



Table No. 25. Pearson Correlation Matrix (Control) 

1. Yield 2. Membrane stability index (MSI)   3. Photosynthetic rate (A) 4. Stomatal conductance (Gs) 5. Starch content 6. Soluble sugar content 7. Transpiration rate (E)  8. 

Chlorophyll  fluorescence (CF) 9. Pollen viability (PV)   10. Total chlorophyll content 11. Titrable acidity (TA) 12. Total soluble solids (TSS) 13. Ascorbic acid content 14. Lycopene 

content 15. Plant height 16. Number of fruits 17. Fruit set % 18. Average fruit weight 19. Intensity of fruit drop 20. Intensity of flower drop 21. Total dry weight Correlations @ * P 

<- 0.05, ** P <- 0.01, *** P <- 0.001 

 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

1  1.000 0.544** 0.104NS -0.213NS 0.249* 0.589** 0.024NS 0.380** 0.410** 0.030NS 0.488** 0.361** 0.351** 0.337** 0.229NS 0.541** 0.507** 0.567** -0.303* -0.021NS 0.220NS 

2  0.544** 1.000 0.365** -0.157NS 0.409** 0.665** 0.157NS 0.605** 0.628** 0.184NS 0.593** 0.460** 0.393** 0.093NS -0.065NS 0.600** 0.653** -0.035NS -0.326** -0.193NS 0.326** 

3  0.104NS 0.365** 1.000 -0.149NS 0.380** 0.303* -0.251* 0.280* 0.276* 0.088NS 0.225NS 0.209NS 0.127NS 0.206NS -0.218NS 0.301* 0.426** -0.243* 0.046NS -0.156NS 0.159NS 

4  -0.213NS -0.157NS -0.149NS 1.000 -0.227NS -0.185NS -0.085NS -0.394** -0.368** -0.198NS -0.029NS 0.047NS 0.024NS -0.234NS 0.256* -0.057NS -0.179NS -0.091NS 0.279* 0.120NS -0.055NS 

5  0.249* 0.409** 0.380** -0.227NS 1.000 0.660** 0.322** 0.531** 0.553** 0.280* 0.417** 0.413** -0.021NS -0.037NS -0.301* 0.319** 0.448** -0.098NS -0.407** -0.004NS 0.009NS 

6  0.589** 0.665** 0.303* -0.185NS 0.660** 1.000 0.166NS 0.604** 0.594** 0.165NS 0.546** 0.534** 0.322** 0.147NS 0.068NS 0.516** 0.538** 0.147NS -0.320** -0.080NS 0.286* 

7  0.024NS 0.157NS -0.251* -0.085NS 0.322** 0.166NS 1.000 0.368** 0.259* 0.328** 0.050NS 0.079NS -0.158NS -0.381** -0.242NS 0.134NS 0.108NS -0.125NS -0.357** 0.105NS -0.260* 

8  0.380** 0.605** 0.280* -0.394** 0.531** 0.604** 0.368** 1.000 0.518** 0.480** 0.363** 0.540** 0.093NS -0.214NS -0.305* 0.358** 0.524** -0.009NS -0.324** -0.036NS -0.076NS 

9  0.410** 0.628** 0.276* -0.368** 0.553** 0.594** 0.259* 0.518** 1.000 0.003NS 0.382** 0.272* 0.221NS 0.111NS -0.219NS 0.487** 0.497** -0.002NS -0.500** -0.089NS 0.070NS 

10  0.030NS 0.184NS 0.088NS -0.198NS 0.280* 0.165NS 0.328** 0.480** 0.003NS 1.000 0.066NS 0.105NS 0.088NS -0.186NS -0.195NS 0.067NS 0.131NS -0.225NS -0.177NS -0.089NS -0.183NS 

11  0.488** 0.593** 0.225NS -0.029NS 0.417** 0.546** 0.050NS 0.363** 0.382** 0.066NS 1.000 0.472** 0.356** 0.060NS 0.174NS 0.251* 0.476** 0.203NS -0.162NS 0.118NS 0.167NS 

12  0.361** 0.460** 0.209NS 0.047NS 0.413** 0.534** 0.079NS 0.540** 0.272* 0.105NS 0.472** 1.000 0.099NS -0.255* 0.104NS 0.074NS 0.353** 0.293* -0.038NS 0.168NS 0.048NS 

13  0.351** 0.393** 0.127NS 0.024NS -0.021NS 0.322** -0.158NS 0.093NS 0.221NS 0.088NS 0.356** 0.099NS 1.000 0.266* 0.294* 0.114NS 0.128NS 0.302* 0.077NS -0.131NS 0.174NS 



14  0.337** 0.093NS 0.206NS -0.234NS -0.037NS 0.147NS -0.381** -0.214NS 0.111NS -0.186NS 0.060NS -0.255* 0.266* 1.000 0.261* 0.325** 0.054NS 0.167NS 0.021NS -0.252* 0.399** 

15  0.229NS -0.065NS -0.218NS 0.256* -0.301* 0.068NS -0.242NS -0.305* -0.219NS -0.195NS 0.174NS 0.104NS 0.294* 0.261* 1.000 -0.088NS -0.211NS 0.380** 0.249* -0.062NS 0.433** 

16  0.541** 0.600** 0.301* -0.057NS 0.319** 0.516** 0.134NS 0.358** 0.487** 0.067NS 0.251* 0.074NS 0.114NS 0.325** -0.088NS 1.000 0.684** -0.159NS -0.455** -0.311* 0.300* 

17  0.507** 0.653** 0.426** -0.179NS 0.448** 0.538** 0.108NS 0.524** 0.497** 0.131NS 0.476** 0.353** 0.128NS 0.054NS -0.211NS 0.684** 1.000 -0.065NS -0.476** 0.009NS 0.125NS 

18  0.567** -0.035NS -0.243* -0.091NS -0.098NS 0.147NS -0.125NS -0.009NS -0.002NS -0.225NS 0.203NS 0.293* 0.302* 0.167NS 0.380** -0.159NS -0.065NS 1.000 0.066NS 0.222NS -0.069NS 

19  -0.303* -0.326** 0.046NS 0.279* -0.407** -0.320** -0.357** -0.324** -0.500** -0.177NS -0.162NS -0.038NS 0.077NS 0.021NS 0.249* -0.455** -0.476** 0.066NS 1.000 0.014NS 0.074NS 

20  -0.021NS -0.193NS -0.156NS 0.120NS -0.004NS -0.080NS 0.105NS -0.036NS -0.089NS -0.089NS 0.118NS 0.168NS -0.131NS -0.252* -0.062NS -0.311* 0.009NS 0.222NS 0.014NS 1.000 -0.269* 

21  0.220NS 0.326** 0.159NS -0.055NS 0.009NS 0.286* -0.260* -0.076NS 0.070NS -0.183NS 0.167NS 0.048NS 0.174NS 0.399** 0.433** 0.300* 0.125NS -0.069NS 0.074NS -0.269* 1.000 

 

 



Table No. 25. Pearson Correlation Matrix (Treatment) 

1. Yield 2. Membrane stability index (MSI)   3. Photosynthetic rate (A) 4. Stomatal conductance (Gs) 5. Starch content 6. Soluble sugar content 7. Transpiration rate (E) 

8.Chlorophyll fluorescence (CF) 9. Pollen viability (PV)  10. Total chlorophyll content         11. Titrable acidity (TA) 12. Total soluble solids (TSS) 13. Ascorbic acid 

content 14. Lycopene content 15. Plant height 16. Number of fruits 17. Fruit set % 18. Average fruit weight 19. Intensity of fruit drop 20.Intensity of flower drop 21. Total 

dry weight 

Correlations @ * P <- 0.05, ** P <- 0.01, *** P <- 0.001 

 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

1 1.000 0.258* 0.235NS 0.211NS 0.180NS 0.122NS 0.103NS 0.260* 0.252* 0.347** 0.005NS 0.261* 0.161NS 0.011NS 0.044NS 0.699** 0.936** 0.604** 0.227NS -0.656** 0.035NS 

2 0.258* 1.000 0.435** 0.508** 0.609** 0.613** 0.588** 0.682** 0.471** 0.685** -0.031NS 0.572** 0.246* 0.154NS 0.132NS 0.147NS 0.314* 0.069NS -0.069NS -0.146NS 0.267* 

3 0.482** 0.435** 1.000 0.277* 0.401** 0.562** 0.166NS 0.555** 0.229NS 0.274* -0.080NS 0.492** -0.018NS 0.002NS 0.070NS 0.084NS 0.242NS 0.035NS -0.187NS -0.098NS 0.189NS 

4 0.321* 0.508** 0.277* 1.000 0.569** 0.344** 0.529** 0.378** 0.567** 0.378** 0.052NS 0.225NS 0.209NS 0.222NS 0.175NS 0.045NS 0.232NS 0.057NS -0.024NS -0.035NS -0.034NS 

5 0.414** 0.609** 0.401** 0.569** 1.000 0.433** 0.578** 0.680** 0.505** 0.517** -0.175NS 0.444** 0.333** 0.258* 0.202NS 0.151NS 0.245* 0.111NS -0.006NS -0.158NS 0.309* 

6 0.381* 0.613** 0.562** 0.344** 0.433** 1.000 0.442** 0.694** 0.184NS 0.566** 0.118NS 0.630** -0.012NS -0.036NS 0.010NS 0.061NS 0.186NS -0.060NS -0.070NS -0.084NS 0.138NS 

7 0.103NS 0.588** 0.166NS 0.529** 0.578** 0.442** 1.000 0.532** 0.418** 0.561** 0.127NS 0.397** 0.211NS 0.034NS 0.183NS 0.085NS 0.171NS 0.046NS 0.048NS -0.096NS 0.203NS 

8 0.260* 0.682** 0.555** 0.378** 0.680** 0.694** 0.532** 1.000 0.422** 0.572** -0.036NS 0.556** 0.322** 0.213NS 0.128NS 0.154NS 0.377** 0.064NS -0.017NS -0.158NS 0.417** 

9 0.252* 0.471** 0.229NS 0.567** 0.505** 0.184NS 0.418** 0.422** 1.000 0.302* 0.024NS 0.181NS 0.273* 0.264* 0.376** 0.227NS 0.301* 0.241NS 0.067NS -0.211NS 0.142NS 

 

10 

 

0.347** 

 

0.685** 

 

0.274* 

 

0.378** 

 

0.517** 

 

0.566** 

 

0.561** 

 

0.572** 

 

0.302* 

 

1.000 

 

0.136NS 

 

0.705** 

 

0.331** 

 

0.020NS 

 

0.012NS 

 

0.173NS 

 

0.358** 

 

0.020NS 

 

0.081NS 

 

-0.162NS 

 

0.162NS 

11 0.005NS -0.031NS -0.080NS 0.052NS -0.175NS 0.118NS 0.127NS -0.036NS 0.024NS 0.136NS 1.000 -0.003NS -0.047NS -0.376** -0.081NS -0.036NS 0.007NS -0.153NS 0.043NS 0.020NS -0.001NS 

12 0.261* 0.572** 0.492** 0.225NS 0.444** 0.630** 0.397** 0.556** 0.181NS 0.705** -0.003NS 1.000 0.107NS -0.026NS -0.065NS 0.116NS 0.297* 0.004NS 0.013NS -0.115NS 0.208NS 

13 0.161NS 0.246* -0.018NS 0.209NS 0.333** -0.012NS 0.211NS 0.322** 0.273* 0.331** -0.047NS 0.107NS 1.000 0.426** -0.017NS 0.029NS 0.184NS -0.017NS 0.111NS -0.011NS 0.184NS 

14 0.011NS 0.154NS 0.002NS 0.222NS 0.258* -0.036NS 0.034NS 0.213NS 0.264* 0.020NS -0.376** -0.026NS 0.426** 1.000 0.318** -0.050NS 0.007NS -0.005NS -0.108NS 0.069NS -0.077NS 

15 0.044NS 0.132NS 0.070NS 0.175NS 0.202NS 0.010NS 0.183NS 0.128NS 0.376** 0.012NS -0.081NS -0.065NS -0.017NS 0.318** 1.000 0.129NS 0.034NS 0.108NS 0.017NS -0.131NS -0.162NS 

 

16 

 

0.699** 

 

0.147NS 

 

0.084NS 

 

0.045NS 

 

0.151NS 

 

0.061NS 

 

0.085NS 

 

0.154NS 

 

0.227NS 

 

0.173NS 

 

-0.036NS 

 

0.116NS 

 

0.029NS 

 

-0.050NS 

 

0.129NS 

 

1.000 

 

0.747** 

 

0.918** 

 

0.483** 

 

-0.995** 

 

-0.042NS 



 

17 

 

0.936** 

 

0.314* 

 

0.242NS 

 

0.232NS 

 

0.245* 

 

0.186NS 

 

0.171NS 

 

0.377** 

 

0.301* 

 

0.358** 

 

0.007NS 

 

0.297* 

 

0.184NS 

 

0.007NS 

 

0.034NS 

 

0.747** 

 

1.000 

 

0.652** 

 

0.291* 

 

-0.712** 

 

0.144NS 

18 0.604** 0.069NS 0.035NS 0.057NS 0.111NS -0.060NS 0.046NS 0.064NS 0.241NS 0.020NS -0.153NS 0.004NS -0.017NS -0.005NS 0.108NS 0.918** 0.652** 1.000 0.445** -0.903** -0.065NS 

19 0.227NS -0.069NS -0.187NS -0.024NS -0.006NS -0.070NS 0.048NS -0.017NS 0.067NS 0.081NS 0.043NS 0.013NS 0.111NS -0.108NS 0.017NS 0.483** 0.291* 0.445** 1.000 -0.472** -0.086NS 

20 -0.656** -0.146NS -0.098NS -0.035NS -0.158NS -0.084NS -0.096NS -0.158NS -0.211NS -0.162NS 0.020NS -0.115NS -0.011NS 0.069NS -0.131NS -0.995** -0.712** -0.903** -0.472** 1.000 0.046NS 

21 0.035NS 0.267* 0.189NS -0.034NS 0.309* 0.138NS 0.203NS 0.417** 0.142NS 0.162NS -0.001NS 0.208NS 0.184NS -0.077NS -0.162NS -0.042NS 0.144NS -0.065NS -0.086NS 0.046NS 1.000 
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5. DISCUSSION 

The global human population is currently growing at an alarming rate and will 

remain in such condition for at least 35 years. An increasing population is associated with 

an increase in demand of food but the food production is not sufficient to feed the 

growing population. Global warming and associated heat stress due to climate change is a 

major threat which affects the crop production adversely. The global climate change 

models predict an increase of 2°C daily mean temperature between the year 2046 and 

2065 and 3.7°C by 2100 (IPCC, 2013). This climate change affects the world in many 

ways, including the extinction of species that cannot escape their adverse environment 

and a decrease in food productivity. 

For tomato, the optimum daily temperature ranges from 25-30°C during day and 

20°C during night at different growth stages; and this range of temperature is significant 

for maintaining normal net assimilation rate (Laxman et al., 2013). At the same time, 

crossing the upper limit above optimum range (>30°C) can cause alterations in the major 

metabolic process required for the stable growth, development and yield (Sato et al., 

2000; 2004; 2006; Islam, 2011; De Storme et al., 2013; Alsamir et al., 2017). Previous 

studies revealed that, like other crops, in tomato also day and night temperatures above 

optimum levels adversely affect the morphological, physiological and bio-chemical traits 

(Camejo et al., 2005; Zhang et al., 2012; Laxman et al., 2013; 2014; Alsamir et al., 

2017). Thus, the present experiment was conducted to examine the effects of high 

temperature on morpho-physiological and biochemical changes, fruit quality parameters 

and yield components and to identify the traits or parameters associated with heat stress 

tolerance. 

5.1. EFFECT OF HIGH TEMPERATURE ON PHENOLOGICAL PARAMETERS 

Duration of the crop gets extended when compared to plants grown under control 

conditions. All the genotypes showed delayed flowering and delayed fruiting under 

stress.  Due to the over shaded environment and reduced sunlight intrusion into the 

polyhouse structure plants attained an increase in plant height and the enhanced 

temperature inside through greenhouse effect, resulted in flower burning and flower 



dropping ultimately leading to extended flowering phase and delayed fruit initiation due 

to a phenomenon called stigma exertion. 

5.2. EFFECT OF HIGH TEMPERATURE ON PHYSIOLOGICAL 

PARAMETERS 

The exerted style, stigma is elongated than the anther cone during reproductive 

stage reduces self-pollination (Faruq et al., 2012). The elongation of style in flowers 

reduces the pollen proximity to stigma in heat sensitive genotypes and reduces 

fertilization (Alsamir et al., 2017). Those genotypes which had no stigma exertion at high 

temperature are stable and produces high fruit yield (Aggarwal, 2002). Almost all the 

genotypes grown under stress condition showed stigma exertion. Hanna and Hernandez 

(1982) and Dane et al. (1991) observed that in tomato the elongated stigma tube of 

flowers had low pollination and thus reduced the yield per plant. Therefore, the previous 

studies and present experiment it may be suggested that those genotypes producing 

flowers with normal stigma tube under high temperature produces higher fruit yield. 

Stigma exertion rate was minimum for tolerant genotypes like Kashi Vishesh, Nandi, 

Anagha and was maximum in Arka Sourabh. 

The varieties with the higher electrical conductivity (EC) average values are 

grouped as heat susceptible genotypes. In contrast, those varieties that had lower EC 

values are heat resistant ones. Similar results are also obtained from our study too. Nandi, 

Vellayani Vijay and Kashi Vishesh showed higher MSI and Arka Sourabh and Pusa 

Rohini showed lower rates of MSI under control conditions as well as under temperature 

stress conditions from our experiment. Saeed et al. (2014) carried out an experiment 

which showed that varieties with greater heat tolerance showed high membrane 

thermostability. The same results were obtained by Saadella et al. (1990), Kuo et al. 

(1993) and Ismail and Hall (1999) in cowpea and wheat. High temperature causes 

denaturation of the biological membrane with lipid bilayer composed of lipid and protein, 

or generation of fatty acids that are unsaturated in nature (Savchenko et al., 2002). Heat 

stress changes membrane protein structures, tertiary and quaternary structures. Thus 

changes in the membrane permeability and cell leakage occurs under heat stress when 



exposed to a longer duration. The primary symptom of heat stress is membrane collapse 

and the thermostability of plasmalemma is considered as a pointer of thermotolerance 

(Alsamir et al., 2017). The varieties which are tolerant to high temperature had high 

membrane stability index (Saeed et al., 2007).  

Pollen viability and fertile pollen formation are susceptible to small hike in 

temperature higher than the optimum (Thomas and Prasad, 2003). A decrease in pollen 

production, release, viability, germination ability, fruit set and production of tomato at 

temperatures above optimum temperature has been mentioned by various scientists (Peet 

et al., 1997; Sato et al., 2001; Pressman et al., 2002). Pressman et al. (2002) reported that 

the impact of heat stress on pollen viability is associated with carbohydrate metabolism 

during anther development. Reduced carbohydrate production and assimilation in the 

tomato anthers during heat stress results in defective pollen development and viability 

(Pressman et al., 2002). From our observations also it is obvious that the pollen viability 

is reduced significantly for all tomato genotypes, but the reduction is less for tolerant 

genotypes (Nandi, IC-45, Vaibhav) and more for susceptible genotypes (Arka Vikas, 

Arka Sourabh). 

From the study, it is reported that the plants when exposed to high temperature, a 

reduction of chlorophyll content is observed which are similar in trends of inferences 

from several studies (Balouchi, 2010; Reda and Mandoura, 2011) that is related either to 

impaired chlorophyll synthesis, due to an inhibition of various enzymes responsible for 

biosynthesis (Dutta et al., 2009), and/or to accelerated chlorophyll degradation. This 

showed a reduction in the chlorophyll content and thereby decreases the photosynthetic 

rate. Tolerant genotypes showed a slight reduction in chlorophyll content but susceptible 

ones showed a drastic reduction. 

Photosynthetic rate reduction under heat stress is associated with the decrease in 

chlorophyll content, lipid peroxidation of chloroplast and lipid peroxidation of thylakoid 

membrane (Camejo et al., 2006). In tomato, varieties that had thermo-resistance enhances 

chlorophyll a: b proportion and decrease chlorophyll under high temperatures (Camejo et 

al., 2005a; Wahid and Ghazanfar, 2006).  



Photosynthesis is a physiological trait that is highly susceptible to heat stress and 

a rise in the CO2 content in the atmosphere result in a hike in temperature and this marks 

remarkable effect on the yield and distribution of crops and genotypes in the future 

(Wahid et al., 2007; Allakhverdiev et al., 2008). Changes of the thylakoid membrane 

under heat stress are directly associated with a decrease in photosystem II activity which 

contributes to the photosynthetic rate (Yamamoto et al., 2008). The Rubisco enzyme is 

sensitive to high temperature and causes a reduction in carboxylase activity (Morales et 

al., 2003; Crafts-Brander and Salvucci, 2004) which also inhibit photosynthesis 

(Demirevska-Kepova and Feller, 2004) and thereby CO2 fixation. Heat stress lowers the 

number of photosynthetic pigments (Todorov et al., 2003), rubisco binding proteins 

(RBP), soluble proteins, and large and small subunits (SS) of rubisco in darkness but 

enhances these in light, exhibiting their functions as HSPs and chaperones (Kepova et al., 

2005).  

Previous studies have shown that the increased temperature of 32°C at the 

flowering stage caused reductions not only in photosynthetic rate, but also in 

transpiration rate compared to ambient temperature (Islam, 2011). Studies on 

physiological responses of six tomato genotypes to high temperature stress under field 

and greenhouse conditions showed a reduction in photosynthesis, transpiration and 

stomatal conductance under temperature stress (Berova et al., 2008). In another study, 

exposing tomato plants to a moderately high temperature of 35°C for eight hours caused 

a reduction in photosynthesis rate (Zhang et al., 2012). One of the main reason for the 

decline of net photosynthesis at high temperature is due to the changes in the structural 

organisation of the photosynthetic apparatus (Zhang et al., 2014). Photosynthetic 

apparatus is very susceptible and photosystem II and oxygen evolving complex are 

sensitive to high temperature (Mathur et al., 2014). Our results supported the findings of 

Abdelmageed and Gruda (2009), that the tolerant cultivars showed higher photosynthetic 

rate under heat stress conditions at different growth stages in comparison to the heat 

sensitive ones. The reduction in photosynthesis rates of four tomato genotypes was 

observed under heat stress (Laxman et al, 2013); and the same trend was also observed in 



different agricultural crops under elevated temperature such as sorghum (Sunoj et al., 

2017) and wheat (Sun et al., 2018).  

Under heat stress, a reduction in the transpiration rate was observed among 

genotypes. The reduction was minimum for the tolerant genotypes and maximum for the 

sensitive ones. Transpiration rate decreases with temperature up to 39°C (Bar-Tsur et al., 

1985). These findings are supported by earlier studies with other crops (Shaheen et al., 

2015). Stomatal opening increases in corn up to 50°C when the water supply is not 

limited, but a decrease in photosynthesis was found above 38°C (Raschke, 1979). Direct 

measurement of stomatal opening in crops including sunflower, corn, soybean, wheat and 

cotton indicate that stomata remain open at air temperatures up to 36°C, provided the 

leaves are not stressed (Hofstra and Hesketh, 1969). 

From the present study, a decrease in the stomatal conductance was observed in 

all the genotypes, and a maximum reduction was observed for sensitive genotypes and 

minimum reduction for tolerant genotypes. The changes in stomatal conductance occur 

for the purpose of improving the capacity of mesophyll cells to perform photosynthesis 

(von Caemmerer et al., 1981). High temperature decreases stomatal conductance and this 

reduction is caused by the partial closure of stomata, which increases resistance to carbon 

dioxide diffusion from external air to the chloroplasts (Nkansah et al., 1994). Partial 

inhibition of the photosynthetic apparatus makes differences in leaf internal CO2 or sub-

stomatal CO2 in different tomato genotypes under heat stress conditions (Camejo et al., 

2005b) and the findings of the present study also confirmed this. The results revealed that 

stomatal conductance decreased significantly in almost all the genotypes under stress 

condition compared to the control condition.  

Chlorophyll fluorescence is the ratio of variable fluorescence to maximum 

fluorescence (Fv/Fm) and the base fluorescence (F0) are physiological parameters used to 

correlate heat tolerance. Chlorophyll fluorescence used as a tool to study the alterations 

of photosystem I and photosystem II activity (Gerganova et al., 2016). The ratio between 

variable fluorescence and maximum fluorescence i.e. chlorophyll fluorescence (Fv/ Fm) 



will give an indication of the maximum quantum efficiency of PSII, and is the best tool to 

phenotype different tomato genotypes for heat tolerance (Zhou et al., 2015). 

Under abiotic stress condition especially heat stress, a decline in chlorophyll 

fluorescence is observed (Molina Bravo et al., 2011; Sharma et al., 2012). This supports 

our results too. Non-photochemical quenching under stress condition lead to decrease in 

Fm and the following increase in Fo, due to the photo-inactivation of PS II, is the main 

reason for the decline of Fv/Fm (Baker, 2008). It was observed that in tomato, Fv/Fm 

under control condition was higher than Fv/Fm under stress condition (Zhou et al., 2015). 

The percentage decrease in the chlorophyll fluorescence is maximum for heat sensitive 

genotypes than that of heat tolerant genotypes.  

5.3. EFFECT OF HIGH TEMPERATURE ON BIOCHEMICAL PARAMETERS 

Assimilate partitioning, occur through apoplastic and symplastic pathways, under 

high temperatures, has significant effects on transport and transfer processes in plants 

(Taiz et al., 2015). Heat stress reduces the accumulation of sucrose in the leaves of both 

heat tolerant and heat-sensitive tomato genotypes, indicating that carbohydrate 

translocation and partitioning to other plant organs are negatively affected at high 

temperatures, similar to results in wheat (Wahid et al., 2007; Shanmugam et al., 2013). A 

decrease in the starch content was observed in both short-term and long-term abiotic 

stress exposures (Vinocur and Altman, 2005). In our study also a drastic change in the 

starch content was observed for different varieties and this reduction was more in 

susceptible varieties and less in tolerant varieties. 

The adverse  effects  of  heat stress  on pollen quality of tomato are associated  

with  irregularities in starch accumulation  in  the  pollen  grains  and  a related decrease 

in soluble sugar content in the mature pollen (Pressman et  al., 2002). With the increase 

in temperature (32/26˚C) the amount of starch content in pollen grains was significantly 

lower than the control (28/22˚C) pollen grains (anther walls and inner fluid) (Pressman et 

al., 2002). The heat-tolerant genotypes accumulate more starch before anthesis and 

soluble sugar at anthesis occur as a result of the ability of the pollen grains with an instant 

energy source for their germination (Srivastava et al., 2012). Tolerant genotypes 



(Anagha, Nandi, Kashi Vishesh) have ability to maintain a good amount of starch and 

soluble sugar in the leaves than compared to the susceptible genotypes (Arka Sourabh, 

Arka Rakshak, Arka Vikas). 

Under heat stress, the concentration of starch and soluble sugar in the pollen 

grains was lower than that under control conditions (Kumar et al., 2015). These findings 

are similar to those obtained that from rice (Sheoran and Saini, 1996) and wheat (Dorion 

et al., 1996). The carbohydrate starvation in the pollen is not responsible for the 

stress‐induced pollen sterility. Pollen of heat tolerant varieties have a high amount of 

glucose rather than sucrose and fructose and it can retain a high amount of carbohydrates 

(Firon et al., 2006). 

5.4. EFFECT OF HIGH TEMPERATURE ON QUALITY PARAMETERS 

Under high temperature quality parameters like lycopene content was found to 

decrease, both titratable acidity, total soluble solid content and ascorbic acid content in 

tomato increased. Shi and Maguer (2000) reported the reduction of lycopene production 

at higher temperatures (38°C). The relatively heat tolerant genotypes showed a lesser 

decrease in lycopene content in the fruit at high temperature as compared to susceptible 

genotypes. The temperature plays an important role in lycopene biosynthesis than it does 

during the fruit growth and ripening period. High temperature lead to degradation of 

lycopene (Demiray et al., 2013), or to a reduced biosynthesis pathway (Helyes et al., 

2007).  

Shivashankara et al. (2015) observed variations in fruit quality parameters at high 

temperature among tomato genotypes through an experiment. An increase in temperature 

enhanced TSS and titrable acidity but decreased lycopene and total carotenoids 

concentration in five genotypes of tomato (Lokesha et al., 2019). Sufficient literatures are 

available on fruit quality parameters of tomato genotypes (Valverde et al., 2002; Erge et 

al., 2011; Kavitha et al., 2014; Shivashankara et al., 2014) under temperature stress 

conditions. Hernandez et al. (2018) reported that vitamin C content was increased when 

the heat stress was induced at flowering and fruit set stages, showed that the plant 

metabolism are adapted to high temperature (Fleisher et al., 2006). 



The sugars content contribute to the total soluble solids content in tomato fruits 

(Selahle et al., 2014). The change in the glucose to fructose ratio and the content of 

organic acid in the tomatoes is the main cause for changes in the TSS. The taste of 

tomatoes, TSS was reported to be a crucial indicator (Klunklin and Savage, 2017). In our 

study, TSS increased in all the genotypes under temperature stress compared to control, 

which is supported by Shivashankara et al. (2015). Under high temperature stress 

conditions, increase in titrable acidity has been reported by Khanal (2012). The highest 

titrable acidity was recorded for Kashi Vishesh followed by Vaibhav and minimum for 

IC-45 and Arka Sourabh under control conditions and maximum for Kashi Vishesh and 

Nandi and minimum for IC-45 under high temperature conditions. 

5.5. EFFECT OF HIGH TEMPERATURE ON YIELD PARAMETERS 

The flowering traits like the number of trusses and flowers increased in stress 

conditions, the higher flower drop and flower drying resulted in a reduced number of 

fruits. The increased flower abortion under stress is an indication of disturbed source sink 

relationship on carbohydrate metabolism, which can adversely affect the temperature 

tolerance in tomato genotypes (Sato et al., 2004; 2006). The sensitivity of reproductive 

development like flowering traits and microsporogenesis to temperature stress are 

reported in many other crops (groundnut; Prasad et al., 2000, cotton; Kakani et al., 2005, 

tomato; Sato et al., 2006, sorghum: Sunoj et al., 2017).  

Plants grown in the polyhouse were tallest irrespective of planting dates and 

culture conditions used in the experiment conducted by Dhaliwal et al. (2017). The plant 

height, number of branches per tomato plant, leaf area expansion rate and leaf area index 

were positively influenced by the warmer environment inside the polyhouse (Duhr and 

Dubas, 1990; Miah, 2001; Pandey et al., 2004) irrespective of the lower amount of PAR 

(Parvej et al., 2010). The amount of incident PAR under polyhouse is less when 

compared to the open field. The polyhouse permits easy entry of short-wave radiation but 

traps the outgoing long-wave radiation. The air temperature inside the polyhouse 

gradually increased due to the greenhouse effect. Thus, the inside of the polyhouse 

becomes warmer and temperature increases (Montero and Anton, 2003). 



A significant decrease was observed in average fruit weight of tomato genotypes 

at high temperature. There was a decrease in the number of fruits per plant, percent fruit 

set and fruit yield per plant in all tomato genotypes under high temperature. The 

relatively tolerant tomato genotypes (Nandi, Kashi Vishesh, Anagha) showed a lesser 

magnitude of reduction in the above parameters as compared to relatively susceptible 

genotypes (Arka Sourabh, Pusa Rohini, PKM-1). The higher pollen viability, better 

pollen germination and high soluble sugar content in pollen grains at anthesis may be the 

reason for better number of fruits per plant, per cent fruit set and fruit yield in tolerant 

genotypes at high temperature. Pollen viability (Pressman et al., 2002, Stephenson et al., 

2003) and fertility (Dane et al., 1991, Suzuki et al., 2001) are reported to be the reason 

for better plant productivity during heat stress. The fruit number, fruit set percentage and 

fruit weight per plant were decreased with increase in temperature. At high temperature, 

plants tend to transpire more, and hence yield reduction is caused by the impaired pollen, 

anther development, and reduced pollen viability. The temperature values higher than 

35°C reduce the fruit set and delay the development of normal fruit colours (Sato et al., 

2006).  



 

 

 

 

 

 

 

 

 

 

 

 

SUMMARY 

 

 

  

 



6. SUMMARY 

The thesis programme “Effect of high temperature on physiological, biochemical 

and yield parameters in tomato (Solanum lycopersicum L.)”) was conducted to study the 

effect of high temperature on physiological, biochemical, yield and quality parameters in 

tomato and the salient findings are given below. 

All the tomato genotypes under heat stress showed delayed flowering and fruiting. 

Delay in flowering was found to vary between the varieties. Kashi Vishesh showed 

minimum delay in first flowering (10-12 days) than that of control whereas, Pusa Rohini 

showed maximum delay in flowering (25-30 days) than that of the control plants. Kashi 

Vishesh showed less delay in first fruiting (8-12 days) than that of control whereas, 

genotypes like Arka Rakshak, PKM-1, Pusa Rohini showed maximum delay (30-35 days) 

in fruiting under stress conditions. Under high temperature condition, Arka Sourabh 

showed the highest exerted stigma length and there is significant variation for flower 

burning and flower drop.  

Under heat stress condition all tomato varieties showed a reduction in MSI 

showing the possibility of increased cell leakage. A decrease in MSI was observed for 

plants after 15 days and further reduction was observed for 25 days after stress induction 

when compared to control plants. Relatively tolerant genotypes showed significantly 

lesser decrease in percent pollen viability as compared to relatively susceptible 

genotypes. Similar results were obtained for physiological parameters like total 

chlorophyll content (mg g-1 fresh weight), photosynthetic rate (A) (µ CO2 moles m-2 s-1), 

transpiration rate (E) (mmol H2O m-2 sec-1), stomatal conductance (Gs) (mmol H2O m-2 

sec-1) and chlorophyll fluorescence (CF-Fv / Fm).  

Significant genotypic differences for starch content and soluble sugar content 

were observed in tomato plants under high temperature. Titrable acidity (TA) and total 

soluble solids (TSS) of tomato fruits were highest in concentration under high 

temperature conditions compared to low temperature regimes. The lycopene content 



decreased with rise in temperature and the ambient condition recorded the highest 

lycopene content in fruits. 

The yield attributes viz., number of fruits/plant, fruit set %, average fruit weight 

(g), yield per plant (g /plant) were significantly lower for varieties like Arka Saurabh, 

Arka Rakshak and Pusa Rohini. Under heat stress conditions only those genotypes that 

are tolerant as well as moderately tolerant, namely Nandi, Anagha, Akshaya, IIHR-2200, 

Vellayani Vijay, Kashi Vishesh, Arka Abha, Arka Alok, Vaibhav, Manuprabha, 

Manulakshmi, IC-45 and IIHR-26372 produced higher fruit yield per plant. But the 

varieties like Arka Saurabh, Arka Rakshak, PKM-1, Sakthi, Palam Pride, Arka Samrat 

recorded the maximum percent reduction in yield per plant and the minimum was 

recorded in Kashi Vishesh. In polyhouse conditions, all the genotypes showed an 

increment in the plant height and total dry weight because of the shaded environment, 

high temperature and enhanced CO2 (570 ppm) conditions inside. 

With respect to yield and physiological data the varieties sharing similar 

characteristics can be classified under three categories viz, tolerant varieties, moderately 

tolerant and susceptible varieties. Tolerant genotypes (Nandi, Kashi Vishesh, Vellayani 

Vijay) exhibited similar characteristics like yield (10-30 g-1 plant), MSI (60-70 %), PV 

(50-70%), starch content (190-200 mg g-1 fresh weight), A (17-22 µmol CO2 m
-2 sec-1), 

Gs (47-68 mmol H2O m-2sec-1), CF (Fv / Fm) (0.6-0.7). Moderately tolerant varieties 

(Akshaya, Manuprabha, IIHR-2200, Vaibhav) showed similar characteristics like yield 

(5-15 g-1 plant), MSI (40-50 %), PV (45-50 %), starch content (200 mg g-1 fresh weight), 

A (17-19 µmol CO2 m
-2 sec-1), Gs (55-65 mmol H2O m-2sec-1), CF(Fv / Fm) (0.6-0.7) and 

susceptible varieties (Arka Vikas, Pusa Rohini, Arka Sourabh, Arka Rakshak) showed 

similar features like yield (0.5-5 g-1 plant), MSI (25-40 %), PV (44-45 %), starch content 

(90-110 mg g-1 fresh weight), A (13-16 µmol CO2 m
-2 sec-1), Gs (30-37 mmol H2O m-

2sec-1) and CF (0.4-0.5).  

The correlation analysis revealed that under heat stress conditions yield showed 

positive and significant correlation with MSI, photosynthetic rate, stomatal conductance, 



starch content, soluble sugar content, CF(Fv / Fm), pollen viability, total chlorophyll 

content, number of fruits per plant, fruit set %, average fruit weight and negatively 

correlated with intensity of flower drop. Hence this study has importance in identifying 

genotypes that possesses important physiological traits to increase the thermo-tolerance, 

so that they could give moderately higher yield even under high temperature. 
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EFFECT OF HIGH TEMPERATURE ON PHYSIOLOGICAL, BIOCHEMICAL 

AND YIELD PARAMETERS IN TOMATO (Solanum lycopersicum L.). 

An experiment entitled “Effect of high temperature on physiological, 

biochemical and yield parameters in tomato (Solanum lycopersicum L.)” was conducted 

in the Department of Plant Physiology, College of Agriculture, Vellayani during Rabi 

2019-2020 with the objective to study the effect of high temperature on physiological, 

biochemical, yield and quality parameters in tomato. Twenty two different tomato 

varieties were used for the study. The experiment was laid out in completely 

randomized design with two treatment levels i.e. control and high temperature stress 

(36+/-2oC) with three replications each. The high temperature stress was induced from 

flower initiation to maturity stage by keeping the pots in a temperature controlled green 

house facility for 45 days. Phenological, physiological, biochemical parameters were 

taken at flowering stage. Also quality parameters and yield parameters were taken at 

harvesting stage. 

All the tomato genotypes under heat stress showed delayed flowering and fruiting. 

Delay in flowering was found to vary between the varieties. Kashi Vishesh showed 

minimum delay in first flowering (10-12 days) than that of control whereas, Pusa Rohini 

showed maximum delay in flowering (25-30 days) than that of the control plants. Kashi 

Vishesh showed less delay in first fruiting (8-12 days) than that of control whereas, 

genotypes like Arka Rakshak, PKM-1, Pusa Rohini showed maximum delay (30-35 days) 

in fruiting under stress conditions. Under high temperature condition, Arka Sourabh 



showed the highest exerted stigma length and there is significant variation for flower 

burning and flower drop. 

 A decrease in Membrane Stability Index (MSI) was observed for varieties on 15th 

day after stress induction and further reduction for 25th day after stress induction when 

compared to control plants. Under heat stress conditions, Nandi (51.8%) and Arka 

Rakshak (25.13%) showed maximum and minimum MSI respectively. The percentage 

reduction in MSI was highest in Pusa Ruby (52%) and lowest in IIHR-2200 (11%). 

Under high temperature conditions pollen viability reduced significantly for all varieties 

with maximum viability for Nandi (87.38%) and minimum for Arka Vikas (36.31%). 

Similar results were obtained for physiological parameters like total chlorophyll content 

(mg g-1 fresh weight), photosynthetic rate (A) µ CO2 moles m-2 s-1), transpiration rate (E) 

(mmol H2O m-2 sec-1), stomatal conductance (Gs) (mmol H2O m-2 sec-1) and chlorophyll 

fluorescence (CF-Fv / Fm). The percentage reduction in photosynthetic rate under high 

temperature condition was highest in Palam Pride (30%) and minimum for Manulakshmi 

(9%). The percent reduction in transpiration rate was maximum for Arka Sourabh (67%) 

and minimum for Kashi Vishesh (12%).  

Significant genotypic differences for starch content and soluble sugar content 

were observed in tomato plants under high temperature. Among the genotypes, Vaibhav 

(312.97 mg g-1 fresh weight) recorded the maximum starch accumulation while the 

minimum starch content was recorded in Arka Vikas (209.70 mg g-1 fresh weight) under 

control conditions. Under heat stress condition, the highest starch content was observed 

in Anagha (235.67 mg g-1 fresh weight), while the lowest was observed in Arka Sourabh 

(84.37 mg g-1 fresh weight). The percent decrease in soluble sugar content was more in 

Arka Rakshak (31.2%) and less in IIHR-2200 (3%) under high temperature condition. 

Titrable acidity (TA) and total soluble solids (TSS) of tomato fruits were highest 

in concentration under high temperature conditions compared to low temperature 

regimes. The percent increase in titrable acidity under heat stress was highest for Arka 

Alok (27%) and minimum for Pusa Rohini (2%). Highest TSS was recorded for Arka 



Samrat (5.72%) and lowest for IC-45 (2.32%) under control ambient condition. But under 

high temperature conditions highest TSS was recorded for Kashi Vishesh (6.23%) and 

lowest for IC-45 (2.57%). The lycopene content decreased with rise in temperature and 

the ambient condition recorded the highest lycopene content in fruits. The percent 

reduction in lycopene content under heat stress conditions was maximum for IIHR-2200 

(52%) and minimum for Kashi Vishesh (3%). 

 The yield attributes viz., number of fruits/plant, fruit set %, average fruit weight 

(g), yield per plant (g /plant) were significantly lower for varieties like Arka Saurabh, 

Arka Rakshak and Pusa Rohini. Under heat stress conditions only those genotypes that 

are tolerant as well as moderately tolerant, namely Nandi, Anagha, Akshaya, IIHR-2200, 

Vellayani Vijay, Kashi Vishesh, Arka Abha, Arka Alok, Vaibhav, Manuprabha, 

Manulakshmi, IC-45 and IIHR-26372 produced higher fruit yield per plant. But the 

varieties like Arka Saurabh, Arka Rakshak, PKM-1, Sakthi, Palam Pride, Arka Samrat 

recorded the maximum percent reduction in yield per plant (99%) and the minimum was 

recorded in Kashi Vishesh (69%). In polyhouse conditions, all the genotypes showed an 

increment in the plant height and total dry weight because of the shaded environment, 

high temperature and enhanced CO2 (570 ppm) conditions inside. 

 With respect to yield and physiological data the varieties sharing similar 

characteristics can be classified under three categories viz, tolerant varieties, moderately 

tolerant and susceptible varieties. Tolerant genotypes (Nandi, Kashi Vishesh, Vellayani 

Vijay) exhibited similar characteristics like yield (10-30 g-1 plant), MSI (60-70 %), PV 

(50-70%), starch content (190-200 mg g-1 fresh weight), A (17-22 µmol CO2 m
-2 sec-1), 

Gs (47-68 mmol H2O m-2sec-1), CF (Fv / Fm) (0.6-0.7). Moderately tolerant varieties 

(Akshaya, Manuprabha, IIHR-2200, Vaibhav) showed similar characteristics like yield 

(5-15 g-1 plant), MSI (40-50 %), PV (45-50 %), starch content (200 mg g-1 fresh weight), 

A (17-19 µmol CO2 m
-2 sec-1), Gs (55-65 mmol H2O m-2sec-1), CF(Fv / Fm) (0.6-0.7) and 

susceptible varieties (Arka Vikas, Pusa Rohini, Arka Sourabh, Arka Rakshak) showed 

similar features like yield (0.5-5 g-1 plant), MSI (25-40 %), PV (44-45 %), starch content 

(90-110 mg g-1 fresh weight), A (13-16 µmol CO2 m
-2 sec-1), Gs (30-37 mmol H2O m-



2sec-1) and CF (0.4-0.5). The correlation analysis revealed that under heat stress 

conditions yield  showed positive and significant correlation with MSI, photosynthetic 

rate, stomatal conductance, starch content, soluble sugar content, CF(Fv / Fm), pollen 

viability, total chlorophyll content, number of fruits per plant, fruit set %, average fruit 

weight and negatively correlated with intensity of flower drop. Hence this study has 

importance in identifying genotypes that possesses important physiological traits to 

increase the thermo-tolerance, so that they could give moderately higher yield even under 

high temperature.    



സംഗ്രഹം 

തക്കാളിയിലെ ഫിസിയയാളജിക്കൽ, ബയയാലെമിക്കൽ, വിളവ ്

പാരാമീറ്ററെുളിൽ ഉയർന്ന താപനിെയുലെ ഗ്പഭാവം” എന്ന തെലക്കട്ടിൽ ഒര ു

പരീക്ഷണം നെന്ന.ു തക്കാളിയിലെ ഫിസിയയാളജിക്കൽ, 

ബയയാലെമിക്കൽ, വിളവ്, രുണനിെവാര പാരാമീറ്ററെുൾ എന്നിവയിലെ 

ഉയർന്ന താപനിെ. ഇരപുത്തിരണ്്ട വയതയസ്ത തക്കാളി ഇനങ്ങൾ 

പഠനത്തിനായി ഉപയയാരിച്ചു. പർൂണ്ണമായും ഗ്െമരഹിതമായ 

രപൂെൽപ്പനയിൽ രണ്്ട ചിെിത്സാ തെങ്ങയളാലെ പരീക്ഷണം നെത്തി, 

അതായത ് നിയഗ്രണവംു ഉയർന്ന താപനിെ സമ്മർദ്ദവംു (36 +/- 2oC) മനൂ്ന ്

തനിപ്പെർപ്പുെൾ വീതം. 45 ദിവസയത്തക്ക ് താപനിെ നിയഗ്രിത 

ഹരിതരൃഹ യെഗ്രത്തിൽ െെങ്ങൾ സകൂ്ഷിച്ചുലൊണ്്ട പഷു്പത്തിന്ലറ 

തെുക്കം മതുൽ പെവത ഘട്ടത്തിയെക്ക് ഉയർന്ന താപനിെ സമ്മർദ്ദം 

സൃഷ്ടിച്ചു. പലൂച്ചെിെളുലെ ഘട്ടത്തിൽ ഫിയനാളജിക്കൽ, 

ഫിസിയയാളജിക്കൽ, ബയയാലെമിക്കൽ പാരാമീറ്ററെുൾ എെതു്തിരനു്ന.ു 

വിളലവെപ്ു്പ ഘട്ടത്തിൽ രുണനിെവാരമളു്ള പരാമീറ്ററെുളും വിളവ ്

പാരാമീറ്ററെുളും എെതു്തിട്ടുണ്്ട. 

സ്ലഗ്െസ ് ഇൻഡക്ഷന് യേഷം 15-ആം ദിവസം ലമംഗ്ബൻ ലെബിെിറ്റി 

ഇൻലഡക്സിൽ (എം.എസ്.ഐ) െറുവംു െൺയഗ്ൊൾ പ്ലാന്റെുളുമായി 

താരതമയലപ്പെതു്തയുപാൾ സല്ഗ്െസ ് ഇൻഡക്ഷന് യേഷം 25-ാാാം 

ദിവസയത്തക്ക ് െറുവണു്ടായി. ഉയർന്ന താപനിെയുള്ള സാഹചരയങ്ങളിൽ 

നരി (87.38%), അർക്ക വിൊസിന് (36.31%) പരമാവധി 

ഗ്പവർത്തനക്ഷമതയുള്ള എല്ലാ ഇനങ്ങൾക്കംു യതനാണ ് ഗ്പവർത്തനക്ഷമത 

രണയമായി െറുഞ്ഞ.ു ലമാത്തം യലായറാഫിൽ ഉള്ളെക്കം (mg g-1 പതുിയ 

ഭാരം), യഫായട്ടാസിരറ്റിെ് നിരക്ക് (A) µ CO2 യമാളുെൾ m-2 s-1), 

ഗ്ൊൻസ്പിയറഷൻ നിരക്ക് (E) (mmol H2O m-2 sec-1) യപാെളു്ള 

ഫിസിയയാളജിക്കൽ പാരാമീറ്ററെുൾക്കംു സമാന ഫെങ്ങൾ െഭിച്ചു. 

ഉയർന്ന താപനിെയിൽ തക്കാളി ലചെിെളിൽ അന്നജം, െയിക്കനു്ന 

പഞ്ചസാര എന്നിവയുലെ രണയമായ ജനിതെ വയതയാസങ്ങൾ െലണ്ടത്തി. 

െറുഞ്ഞ താപനിെ വയവസ്ഥെലള അയപക്ഷിച്ച ് ഉയർന്ന താപനിെ 

സാഹചരയങ്ങളിൽ ടെറ്ററബിൾ അസിഡിറ്റി (െിഎ), തക്കാളി പഴങ്ങളുലെ 

ലമാത്തം െയിക്കനു്ന യസാളിഡെുൾ (െിഎസഎ്സ)് എന്നിവ ഉയർന്ന 

സാഗ്രതയിൊണ്. താപ സമ്മർദ്ദത്തിൽ ടെറ്റബിൾ അസിഡിറ്റിയുലെ 

േതമാനം വർദ്ധനവ ്അർക്ക അയൊക്കിന് (27%) ഏറ്റവംു െറുഞ്ഞത് പസു 

യരാഹിണിക്ക് (2%). നിയഗ്രണ ആംബിയനറ്് അവസ്ഥയിൽ ഏറ്റവംു 



ഉയർന്ന െിഎസഎ്സ ്അർക്ക സാഗ്മാട്ടിന ്(5.72%), ഐസി -45 (2.32%) ന് ഏറ്റവംു 

െറുവ് യരഖലപ്പെതു്തി. ഉയർന്ന താപനിെയിൽ ഏറ്റവംു ഉയർന്ന െിഎസഎ്സ ്

യരഖലപ്പെതു്തിയത് ൊേി വിയേഷിന് (6.23%) ഏറ്റവംു താഴന്്ന ഐസി -45 

(2.57%). താപനിെ ഉയരനു്നയതാലെ ടെയക്കാപീൻ അളവ ് െറുയുെയും 

അരരീക്ഷ അവസ്ഥയിൽ പഴങ്ങളിൽ ഏറ്റവംു ഉയർന്ന ടെയക്കാപീൻ 

ഉള്ളെക്കം യരഖലപ്പെതു്തെുയും ലചയ്തു.  

വിളവംു ഫിസിയയാളജിക്കൽ ഡാറ്റയും സംബന്ധിച്ച്, സമാന 

സവഭാവസവിയേഷതെൾ പങ്കിെനു്ന ഇനങ്ങലള മനൂ്ന ് വിഭാരങ്ങളായി 

തരംതിരിക്കാം, അതായത ് സഹിഷ്ണു തയുള്ള ഇനങ്ങൾ, മിതമായ 

സഹിഷ്ണു ത, സാധയതയുള്ള ഇനങ്ങൾ. യൊളറന്റ് ജനിതെരപൂങ്ങൾ (നരി, 

ൊേി വിയഷഷ്, ലവല്ലയാനി വിജയ്) വിളവ് (10-30 ഗ്രാം -1 പ്ലാനറ്്), 

എംഎസഐ് (60-70%), പിവി (50-70%), അന്നജം (190-200 മില്ലിഗ്രാം ഗ്രാം) -1 

പതുിയ ഭാരം), A (17-22 µmol CO2 m-2 sec-1), Gs (47-68 mmol H2O m-2sec-1), CF (Fv / Fm) 

(0.6-0.7). മിതമായ സഹിഷ്ണു ത പെുർത്തനു്ന ഇനങ്ങൾ (അക്ഷയ, മനഗു്പഭ, IIHR-

2200, ടവഭവ)് വിളവ ് (5-15 ഗ്രാം -1 പ്ലാനറ്്), എംഎസഐ് (40-50%), പിവി (45-

50%), അന്നജം (200 മില്ലിഗ്രാം) g-1 പതുിയ ഭാരം), A (17-19 olmol CO2 m-2 sec-1), Gs 

(55-65 mmol H2O m-2sec-1), CF (Fv / Fm) (0.6-0.7), വരാൻ സാധയതയുള്ള ഇനങ്ങൾ 

(അർക്ക വിൊസ്, പസു യരാഹിണി, അർക്ക സൗരഭ്, അർക്ക രക്ഷെ്) വിളവ ്

(0.5-5 ഗ്രാം -1 പ്ലാനറ്്), എംഎസഐ് (25-40%), പിവി (44-45%), അന്നജം (90-110) mg 

g-1 പതുിയ ഭാരം), A (13-16 µmol CO2 m-2 sec-1), Gs (30-37 mmol H2O m-2 sec-1), CF (0.4-

0.5). അതിനാൽ, ലതർയമാ-യൊളറൻസ് വർദ്ധിപ്പിക്കനു്നതിന് ഗ്പധാന 

ഫിസിയയാളജിക്കൽ സവഭാവങ്ങളുള്ള ജനിതെോസ്ഗ്തലത്ത 

തിരിച്ചറിയുന്നതിൽ ഈ പഠനത്തിന ് ഗ്പാധാനയമണ്ു്ട, അതിനാൽ ഉയർന്ന 

താപനിെയിൽയപ്പാെംു അവർക്ക് മിതമായ വിളവ ്െഭിക്കംു 

 

 

 

 


