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ABSTRACT
Tomato (Solanum lycopersicum L.) is one of the major vegetable crops on the globe. Existing 
tomato cultivars are highly susceptible to heat stress. The strategy of the present study was 
to estimate the performance and potential of selected material under heat stress. This study 
was conducted at research area of Department of Plant Breeding and Genetics, University of 
Agriculture, Faisalabad, during 2018 using 16 genotypes namely  ANNA, CCHAUS, LYALLPUR-I, 
MONEY MAKER, NAQEEB, PAKIT, PEGASO, PONY EXPRESS, RIO GRANDE, ROMA, AVR-I, 
T-837, TG-9, TG-25, 88572 and TOM-15. These genotypes were sown under normal and late 
sowing; following randomized complete block design (RCBD) with three replications under the 
split-plot arrangement. Data were collected for the various morpho-physiological parameters 
and analyzed statistically. Analysis of variance revealed highly significant differences among 
genotypes for all traits except number of days to first harvesting whereas, effect of treatments 
were also found highly significant for all characters at both temperature treatments. Moreover, 
treatment × genotype interactions also remained significant for all parameters. Heat stress affected 
all genotypes in such a way that various genotypes lacked fruit setting i.e. CC-HAUS, TOM-15, 
MONEYMAKER, TG- 25, AVR-I, PEGASO and PONEY EXPRESS. Significant reduction in all 
traits were observed under elevated temperature conditions as compared to normal temperature, 
exception case of relative cell injury which significantly increased. Significant reduction was 
observed in number of days to first flower, number of days to 50% flowering, number of days 
to first fruit set and number days to first harvesting for all genotypes. Days to first fruit set and 
number of days to first harvesting were also accelerated and reduced under heat treatment. 
Extreme reduction in time span in addition to number of clusters per plant and number of flowers 
per cluster were observed under elevated temperature treatment, however some genotypes 
have showed increase in both these characters. Moreover, chlorophyll contents reduced while 
relative cell injury increased significantly among all genotypes under high temperature settings. 
In short, ANNA was best performer under both normal and high temperature regimes, having 
824.70 and 83.10 g yield per plant, respectively.
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INTRODUCTION
Tomato (Solanum lycopersicum L.) is one of the 
essential horticultural crops whether grown in field or 
greenhouse under controlled conditions. Cultivated 
tomato S. lycopersicum is a diploid specie (2n= 24) 
dicotyledonous perennial vegetable crop and belongs 
to Nightshade family Solanaceae (Jogi et al., 2018; 
Xiao et al., 2018).
Tomato was globally cultivated on an acreage of 4.85 
million hectares having production of 182.30 million 
tons. China was the leading producer followed by India 
and Turkey, whereas Pakistan occupies 36th  position 
in global ranking with a share of 0.33% in global 
production. In Pakistan tomato was cultivated on 0.06 
million hectares which produced 0.58 million tons with 
an average yield of 9.49 tons per hectare which is 
pretty low with respect to other nations (FAO, 2017).

The tendency of a crop plant to withstand under 
stress conditions along with maintaining its yield is a 
type of resistance against stress (Bokszczanin et al., 
2013; Zhou et al., 2015; Rathod et al., 2018). Tomato 
is typically a tropical crop, but heat stress particularly 
reduces its production along with other crops. 
Tomato grows best under daily mean temperature 
ranging between 19-24°C which also depends upon 
developmental phase of the crop (Giri et al., 2017) 
and as temperature rises a little bit over the optimum 
temperature, lowers fruit set and seeds in it (Zhou et 
al., 2015; Nduwimana and Wei, 2017) as well as floral 
abscission, reduces pollen quality, lower fruit setting 
with small sized fruits, and irregular plant growth and 
development (Hasanuzzaman et al., 2013; Khondakar 
et al., 2017).
It  is essential for tomato production that female egg 
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should be fertilized by a pollen grain. Inside flower 
formation of pollen grain occurs, in anthers (Honys 
et al., 2006) and anthers are generally considered as 
the auxiliary tissues which facilitates the delivery of 
vital metabolites to the pollen grains for their proper 
development (Zhou et al., 2017). When it comes to 
survival of tomato crop plants under thermal-stress, 
pollen grains are thought to be highly effected, 
because of their highly heat susceptible nature 
which consequently reduces total fruit yield in tomato 
(Bokszczanin et al., 2013; Zhou et al., 2015). Moreover, 
thermal-stress directly effects the fruit quality; blossom- 
end rot, immature fruits with water tissues and cracks 
(Ashish, 2017). Most of the tomato cultivar are 
susceptible to high temperature which is a major issue 
for its cultivation in such regions where temperature 
goes upto 38°C or exceed this limit for very little span 
during the growing season (Nazir et al., 2017).
Hence, at present much needed to understand 
developmental reproductive and physiological 
performance of crop plant in relation to stress so we can 
deal with these future alarming situations (Karapanos et 
al., 2009). The purpose of this examination is to screen 
out and evaluate heat tolerant genotypes of tomato 
which could be grown during this scarcity period and 
peak temperature regime or might serve as parental 
line of esteem importance in various heat related and 
other breeding programs.

MATERIALS AND METHODS

Experimental location
The experiment was conducted at the research area of 
Department of Plant Breedig and Genetics, University 
of Agriculture, Faisalabad, Pakistan during 2018.

Experimental material
A total of 16 tomato (Solanum lycopersicum L.) 
genotypes were used for screening and evaluation 
purpose against heat stress, collected from various 
sources. The experiment was laid out in randomized 
complete block design (RCBD) with three replications 
under split-plot arrangement.

Experimental layout and treatments
The experiment was carried out in two phases, as 
once the genotypes were transplanted on 1st February 
2018 under normal field conditions, whereas in the 
next phase the same material was evaluated during 
the summer period and was transplanted in field on 
5th March 2018, in order to assess their performance 
during both these treatment temperature conditions in 
field. Twelve plants per genotype were transplanted in 
each replication having 50 cm plant to plant distance, 

on the both sides of 4.5×44 feet raised beds with 4 feet 
distinguishing path between genotypes having bed to 
bed distance of 2 feet All recommended agronomic and 
cultural practices for tomato cultivation were followed 
throughout the whole experiment.

Data compilation
Data was recorded from eight plants out of the total 
12 transplanted plant from each replication for 14 
parameters regarding each quantitative character and 
average values were calculated for each genotype. 
Parameters included in this study were as follows:

  1.   Number of days to first flower
  2.   Number of days to 50% flowering
  3.   Number of days to first fruit set
  4.   Number of clusters per plant
  5.   Number of flowers per cluster
  6.   Number of fruits per cluster
  7.   Number of days to first harvesting
  8.   Fruit length(cm)
  9.   Fruit diameter
  10. Individual fruit weight (g)
  11. Total soluble solids (%)
  12. Chlorophyll content (mg/cm2)
  13. Fruit yield per plant (kg).

For cell membrane-thermo stability, tomato cultivars 
were screened out for heat tolerance by assessing 
relative cell injury percentage (RCI%) a physiological 
trait which plays keys role in CMT estimation at ultimate 
flowering stage by adopting the procedure employed 
Sullivan (1972). RCI% was estimated by the following 
formula:

RCI % = 1- [{1- (T1/T2)} / {1 – (C1/C2)}] × 100

Where

T1 = ECofsapin 50°C beforeautoclaving.
T2 = EC of sap in 50°C after autoclaving.
C1 = EC of sap in 25°C before autoclaving.
C2  = EC of sap in 25°C after autoclaving.

Statistical analysis
Data collected for the mentioned parameters was 
subjected to analysis of variance (Steel et al.,1997 ).

RESULTS AND DISCUSSION

Phenotypic characters
High temperature treatment imposed critical impacts 
upon various morphological features (Table 1, 2 and 
3). Significant reduction  was observed in number of 
days to first flower, number of days to 50% flowering, 



J. Agric. Res. 2020, 58(3)

                              Performance of tomato genotypes under normal and stress conditions  

159

Table 1.  Mean performance of genotypes for various traits under both temperature regimes

Trait/genotype Rio grande Roma T-5 (88572) Pegaso Lyallpur- I Pony express Naqeeb Anna

NDFF Normal temp. 56.82 56.29 56.25 55.03 54.62 54.2 53.32 52.57
High temp. 39.4 36.73 36.6 40.17 35.8 39.02 36.15 32.4

NDFFlo Normal temp. 59.0 57.33 57.33 55.67 57.67 55.67 54.67 55.33
High temp. 40.0 38.33 39.67 43.33 37.67 41.33 38.67 34.67

NDFFS Normal temp. 66.39 66.03 65.75 66.17 63.28 61.5 64.4 61.37
High temp. 67.0 66.33 64.0 0.00 62.00 0.00 60.57 59.67

NCPP Normal temp. 22.33 36.33 19.42 26.67 46.00 31.07 44.77 18.67 
High temp. 13.89 13.28 10.89 9.00 20.22 16.78 18.89 16.0

NFPC Normal temp. 6.43 5.08 4.47 4.32 6.35 4.00 5.34 5.11
High temp. 4.5 6.59 3.15 3.48 4.71 5.26 4.37 4.09

NDFH Normal temp. 97.1 99.267 100.58 100.72 96.00 90.35 97.683 89.97
High temp. 0.00 82 77.0 0.00 76.0 0.00 75.00 71.33

IFW Normal temp. 57.56 54.35 70.73 104.96 55.03 114.49 60.26 74.6
High temp. 0.00 8.46 5.33 0.0 10.17 0.00 8.97 20.25

FL Normal temp. 4.23 4.73 5.03 6.34 4.76 6.93 4.17 5.79
High temp. 0.00 0.97 1.11 0.00 1.79 0.00 1.09 3.28

FD Normal temp. 2.91 4.01 3.45 5.59 4.4 5.07 4.2 4.42
High temp. 0.00 1.33 0.97 0.00 1.08 0.00 1.27 2.32

TSS% Normal temp. 7.65 8.14 5.19 6.9 6.3 5.85 7.85 7.33
High temp. 0.00 3.78 0.00 0.00 1.59 0.00 3.39 5.19

CC Normal temp. 0.06 0.08 0.068 0.088 0.066 0.095 0.077 0.074
High temp. 0.033 0.035 0.041 0.022 0.032 0.044 0.028 0.042

NFrPC Normal temp. 1.93 2.83 2.82 2.4 2.93 2.33 2.93 3.23
High temp. 0.00 0.13 0.17 0.00 0.07 0.00 0.3 0.47

RCI% Normal temp. 3.87 14.57 10.23 6.95 6.64 2.98 11.68 6.2
High temp. 73.6 61.47 24.64 31.82 61.66 55.04 37.16 29.24

YPP Normal temp. 523.78 626.98 422.83 291.45 414.31 772.17 687.06 824.7
High temp. 0.00 25.22 33.9 0.00 53.78 0.00 75.9 83.1

NDFF = No. of days to first flower, NDFFlo = No. of days to 50% flowering, NDFFS= No. of days first fruit set, NCPP= No. of cluster/plant, 
NFPC = No. of fruit/cluster, NDFH = No. days to first harvest, IFW = Individual fruit weight, FL = Fruit length, FD = Fruit diameter, TSS% 
= Total soluble solids, CC = Chlorophyll content, NFrPC = No. of fruits/cluster, RCI% = Relative cell injury, YPP = Yield/plant.

Table 2.  Mean performance of genotypes for various traits under both temperature regimes 
Trait/genotype CC- Haus Tom-15 Avr-I TG-25 Money maker T-837 Pakit TG-9
 NDFF Normal temp. 69.17 68.93 64.62 61.02 60.87 59.17 58.34 57.06

High temp. 43.6 36.53 33.96 40.4 39.4 35.07 40.2 39.97
 NDFFlo Normal temp. 70.33 71.33 66 64.67 61.67 61.67 60 58.0

High temp. 45.67 38.33 41.67 43 41.00 36.33 41.67 42.67
 NDFFS Normal temp. 79.33 79.02 70.87 70.87 71.5 74.5 73.36 71.03

High temp. 0.00 0.00 0 0.00 0.00 66.33 57 64.0
 NCPP Normal temp. 26.48 12.1 22.06 34.1 39.33 22.76 31.33 40.47

High temp. 9.67 14.72 12.67 9.83 7.83 18.89 13.11 11.56
 NFPC Normal temp. 5.53 5.68 4.84 6.84 8.51 4.42 8.56 5.91

High temp. 3.4 4.5 4.27 5.03 6.29 3.54 5.85 4.09
 NDFH Normal temp. 102.92 113.43 105.2 97.333 99.033 106.5 98.917 104.17

High temp. 0.00 0.00 0.00 0.00 0.00 74.00 73 0.00
 IFW Normal temp. 45.2 62.5 58.15 51.86 43.86 44.82 46.26 36.26

High temp. 0.00 0.0 0.00 0.00 0.00 3.46 5.77 0.00
 FL Normal temp. 5.1 3.9 5.28 4.63 4.09 4.7 3.6 3.83

High temp. 0.00 0.00 0.00 0.00 0.00 0.68 0.93 0.00
 FD Normal temp. 3.1 3.86 5.06 4.51 3.92 0.00 4.4 3.9

High temp. 0.00 0.00 0.00 0.00 0.00 0.79 1.08 0.00
 TSS% Normal temp. 4.93 6.53 7.07 7.48 6.79 7.32 7.22 6.01

High temp. 0.00 1.77 0 0.00 0.00 2.1 2.43 0.00
 CC Normal temp. 0.06 0.067 0.051 0.072 0.075 0.084 0.076 0.081

High temp. 0.037 0.034 0.038 0.027 0.045 0.033 0.035 0.028
 NFrPC Normal temp. 1.87 2.67 1.47 1.8 2.58 2.3 2.83 3.47

High temp. 0.00 0.00 0.00 0.00 0.00 0.13 0.23 0.00
 RCI% Normal temp. 11.38 8.76 4.51 6.72 11.83 5.55 16.63 3.49

High temp. 51.0 31.33 82.09 41.87 62.33 83.75 56.79 67.92
 YPP Normal temp. 209.5 274.05 288.69 335.95 295.17 242.12 380.15 539.42

High temp. 0.0 0.00 0.00 0.00 0.00 28.37 30.67 0.00

NDFF = No. of days to first flower, NDFFlo = No. of days to 50% flowering, NDFFS = No. of days first fruit set, NCPP = No. of luster/
plant, NFPC = No. of fruit/cluster, NDFH = No.days to first harvest, IFW = Individual fruit weight, FL = Fruit length, FD = Fruit diameter, 
TSS% = Total soluble solids,CC = Chlorophyll content, NFr PC = No.of fruits/cluster, RCI% = Relative cell injury, YPP = Yield/plan
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number of days to first fruit set and number days to 
first harvesting for all genotypes. It was observed 
that temperature has a significant and accelerating 
effect upon flowering as (Sinclair, 1994)  reported that 
development of specific organ such as leaf, flower 
etc. and the transition of the plant through several 
ontogenetic phases, is mostly temperature dependent. 
The genotype ANNA took minimum number of days 
to first flower 52.57 & 32.40 (Table 1) and CC-HAUS 
took maximum days 69.17 & 43.60 (Table 2) at both 
regimes, respectively which alternatively affected the 
yield in a quite straight manner. Similar thermal imapact 
was reported by Khondakar et al. (2017); Nduwimana 
and Wei (2017); Xiao et al. (2018). In case of number 
of days to 50% flowering TOM-15 (71.33) (Table 2) and 
CC-HAUS (70.33) took maximum days while NAQEEB 
(54.67) and ANNA (34.67) took minimum days at both 
optimum and elevated temperature conditions (Table 
1), respectively. Earlier studied also depicted similar 
heat stress effects (Mehraj et al., 2014; Saif-ul-Islam 
et al., 2016).
This increase in both number of days to first flower as 
well as number of days to 50% flowering at normal 
temperature is might due to short days accompanied 
with lower light intensity incase of normal temperature 
which delayed the flowering while early flowering was 
seen during high temperature conditions due the fact 
that long days are assisted with high light intensities 
and enrichment of carbon-dioxide which triggered the 
flower initiation. Heuvelink (2018) findings displayed 
that yield could be enhanced by breeding early 
flowering genotypes.
Days to first fruit set and number of days to first 
harvesting were also accelerated and reduced under 
heat treatment. Maximum days 79.33 (Table 2) & 67 
(Table 1) were taken by CC-HAUS and RIO GRANDE 
under normal and high temperature. ANNA took 
minimum days (61.37) under normal temperature 
whereas PAKIT took minimum days (57) to first fruit 
set under high temperature (Table 1 and 2). These 
findings were same as reported earlier by (Sato et 
al., 2002; Mulholland et al., 2003). Number of days 
to first harvesting was also significantly affected for 
genotypes. Maximum days to first harvesting (113.43) 
under optimal temperature (Table 2) were taken by 
TOM-15 while minimum (Table 1) days were observed 
for ANNA (89.97) whereas during heat shock ROMA  
took maximum (82) and ANNA took least number 
of days (71.33) to first harvesting (Table 1). It was 
also observed that elevated temperature has such 
drastic effects that fruit setting was inhibited on some 
genotypes namely, CC-HAUS, TOM-15, MONEY 
MAKER, TG-25,PEGASO, PONY EXPRESS, AVR-I. 
Similar out comes were observed by (Sato et al., 2006; 

Mansour et al., 2009; Alsamir et al., 2017).
This decrease in number of days to first fruit set and 
days to first harvesting might be due to heat stress 
at the time of flowering, and later on accelerates the 
maturity period due to fact that cell division as well as 
cell elongation takes place at its peak after anthesis. 
Moreover, under heat stress the catalytic activity of 
enzymes increases up to a certain amount of heat 
shock as far as enzymatic disruption takes place (De-
Koning,1994).

Yield attributing characters
Heat stress severely reduced the yield by affecting 
various related attributes in a quite drastic manner. 
Significant differences were seen among genotypes at 
both treatments for number of clusters per plant and 
number of flowers per cluster. Extreme reduction in 
time span in addition to number of clusters per plant 
and number of flowers per cluster were observed 
under elevated temperature treatment. However 
some genotypes have showed increase in both these 
characters, as TOM-15 has shown rise in number of 
clusters per plant and increment in number of flowers 
per cluster was displayed by PONY EXPRESS and 
ROMA. At both normal and high temperature conditions 
LYALLPUR-I bared maximum clusters (Table 1) per 
plant (46 & 20.22) while least were recorded for TOM-
15 and PEGASO (12.10 & 9), respectively. Hazra and 
Ansary (2008); Mansour et al. (2009); Mehraj et al. 
(2014); Xu et al. (2017) also found quite similar results. 
Maximum and minimum number of flowers per cluster 
at optimum temperature were displayed by PAKIT 
(8.56) and PONY EXPRESS (4), while under thermal 
stress ROMA has most (6.59) and T-5 had the least 
number of flowers per cluster (3.15). Abdelmagreed 
and Gruda (2009); Rashwan, (2016) found same kind 
of results.
Reduction in number of clusters per plant and number 
off lower spercluster was  may be due to the production 
of high quantities of abscissic acid which triggered 
the bud and flower drop prior to pollination (Hazra et 
al., 2007), moreover both these traits are highly root 
temperature influential as extreme reduction was 
seen in number of clusters and number of flowers per 
plant, as compare to higher air temperature (Van and 
Heuvelink, 2005).
Significant differences were seen between genotypes 
for individual fruit weight, fruit length and fruit diameter 
under both treatment temperatures (Table 1 and 2). 
Maximum and minimum individual fruit weight (114.49 
g) and fruit length (6.93 cm) under normal temperature 
treatment was recorded for PONYEXPRESS and 
in the mean while TG-9 has the least individual fruit 
weight (36.26g) in addition to PAKIT having lowest fruit 
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length (3.6 cm), whereas under elevated temperature 
treatment ANNA has the highest (20.25g & 3.28cm) 
and T-837 has the lowest individual fruit weight and fruit 
length (3.46 g & 0.68 cm). Under normal temperature 
maximum fruit diameter was seen for PEGASO (5.59 
cm) and lowest (2.91 cm) for RIO GRANDE, however 
under heat stress ANNA and T-837 exhibited highest 
(2.32) and lowest (0.79 cm) fruit diameter (Table 1 
and 2). Results clearly displayed that individual fruit 
weight, fruit length and fruit diameter were highly 
temperature dependent which are most 
important yield contributing traits and a little bit of harsh 
temperature conditions might affect the end produce 
as similar findings were reported by Alam et al. (2010); 
Etissa et al. (2013); Rashwan, (2016); Saif-ul-Islam et 
al. (2016); Alsamir et al. (2017); Elsayed and Ahmed 
(2017). However, reduction in fruit related traits under 
heat stress could be justified by the fact that at optimal 
growing conditions fruit maturing times increases due 
to slow, step wise gradual and higher production of 
ethylene quantities which plays a crucial part in fruit 
ripening and gives a quite long time for the attainment of 
reasonable fruit weight, fruit size, fruit diameter, greater 
number of locules in addition to more flesh and pericarp 
thickness, whereas ethylene production is quite fast, 
early and in minute quantity under heat  shock  which  
helps  in  the  ripening of some of the first set fruits 
very early having small size with limited achievement 
of other fruit related traits, and additionally leaving the 
other remaining fruit set unripe which ultimately have 
a quite significant and yield lowering impact upon the 
overall end harvest (Hazra et al., 2007; Golam et al., 
2012).
Yield per plant is the most important character which 
depends highly upon the amount of fruit set on each 
cluster (Table 1 and 2). High variation and decrease 
in number of fruits per cluster were observed between 
genotypes under temperature stress which might 
be due to lesser amount of pollen production, lower 
pollen viability and infertility or due to lack of pollen 
germination etc. as reported by Mehraj et al. (2014); 
Kumar et al. (2015); Zhou et al. (2015); Ibrahim 
(2016); Zhou et al. (2017). Maximum and minimum 
number of fruits per cluster at optimum temperature 
conditions were observed in TG-9 (3.47) and AVR-I 
(1.47) respectively, whereas at elevated thermal 
conditions ANNA has highest (0.47) while ROMA and 
T-837 have lowest (0.13) number of fruits per cluster. 
Similar kind of findings under thermal stress were 
reported by Mansour et al. (2009); Alam et al. (2010). 
Maximum yield per plant was obtained from ANNA at 
both treatments (824.70 g & 83.10 g) while CC-HAUS 
and ROMA were the least yield (Table 1 and 2) at 
normal and high temperature treatment (209.50g & 

25.22 g), respectively. Similar findings were revealed   
by Nduwimana and Wei (2017); Elsayed and Ahmed, 
(2017).
Lower yield under heat stress was might due the 
reduction in number of trusses or flowers per truss; 
due to defected flowers under stress; flower and 
bud drop; antheridia splitting; dehiscence failure; 
calyx and floral persistence; lower pollen quality, 
viability, production or sterility; elongation of style and 
decelerated development of pollen tube; poor or lack of 
pollen-germination as well as fertilization; stunted plant 
growth and other physiological features such as lower 
photosynthetic activity and many more (Hazra et al., 
2007; Golam et al., 2012).

Physiological characters
Plant physiology is one the complex phenomenon to 
understand and how it influences the yielding pattern 
of crop plants (Table 1 and 2). Physio-biochemical 
parameters such as chlorophyll content and cell 
membrane thermostability or relative cell injury % 
are one of the most critical yield deciding traits which 
have high temperature influential effects upon them. 
Chlorophyll content reduced while relative cell injury 
increased significantly among all genotypes under 
high temperature settings. PONY EXPRESS and AVR-
Iat normal temperature while MONEY MAKER and 
PEGASO at elevated temperature have maximum 
(0.095 mg/cm2 & 0.051 mg/cm2) and minimum 
(0.045 mg/cm2 & 0.022 mg/cm2) chlorophyll content, 
respectively. Same type of temperature impacts 
regarding chlorophyll content were reported (Saif-ul-
Islam et al., 2016; Zhou et al., 2017; Khondakar et al., 
2017; Nazir et al., 2017; Elsayed and Ahmed, 2017; 
Xiao et al., 2018; Alsamir et al., 2017). Incase of relative 
cell injury PAKIT and T-837 have maximum (16.63 % & 
83.75 %) while PONY EXPRESS and T-5 have showed 
lowest RCI % (2.98 % & 24.64%) at both normal and 
heat stress conditions, respectively. Ibrahim (2016); 
Alsamir et al. (2017); Elsayed and Ahmed (2017) also 
reported similar type of findings.
Up to a certain amount of temperature (20/28°C, night/
day), photosynthetic activity increases and as this limit 
get exceeded photosynthetic activity become altered 
and reduced due reduction in overall respiration rate 
(Hazra et al., 2007; Golam et al., 2012). The activity of 
RUBSICO suppresses under mild heat stress by means 
of RUBISCO - activase inhibition mechanism; CO2 
assimilation reduces due to the of manipulation of C3 
cycle; malfunctioning of photo system-II (PS-II) occurs 
due to devastating effects of high temperature; and 
the ratio of a/b type chlorophyll also decreases, which 
leads toward the reduction of overall photosynthesis 
(Hazra et al., 2007).
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Photosynthesis has also highly influential relationship 
with fruit setting as the pollen tube growth requires 
high carbohydrates reservoirs and energy in order to 
pass through the pistil for successful fertilization and 
good fruit set, this fact also clarifies that why such poor 
yielding pattern was seen under extreme temperature 
stress (Hazra et al., 2007). Additionally, increase in 
relative cell injury under heat shock is may be due to 
the fact that sudden heat stress manifestation injures 
the membrane which may lead to the destruction of 
proteins in the membrane or may result in the disruption 
of lipids in the membrane which cause a loss in the 
cell sap and cellular contents as well as membrane 
splitting and rupture. Molecular locomotion across the 
membrane becomes higher as a result of heat stress 
due to rise in their kinetic energy. This increases the 
fluidity of the lipid-bilayer of the cellular membrane 
ultimately making it more permeable, which might be 
because of up-surged amounts of unsaturated fatty 
acid or due to proteinic denaturation, which has also 
high association with yield and related traits (Hazra et 
al., 2007; Golam et al., 2012).

Quality characters
In tomato qualitative characters especially total soluble 
solids and have same importance as quantitative 
traits, because it is a crop of both fresh market and 
processing value. Beside this, quality is highly affected 
by environmental conditions especially temperature 
whether due to chilling injury or heat stress. In the 
present study significant differences and reduction in 
total soluble solids have been seen among all genotypes 
under heat shock as compare to normal conditions. 
At optimum temperature ROMA and CC-HAUS while 
under heat stress ANNA and LYALLPUR-I have highest 
(8.14%&4.93%) and lowest (5.19% & 1.59%) total 
soluble solids, respectively. Pressman et al. (2006); 
Sato et al. (2006); Matsuda et al. (2014); Kumar et al. 
(2015); Solankey et al. (2017) also reported similar 
type of findings.

CONCLUSION
Significant differences among genotypes for all traits 
were found at both temperature. Moreover, treatment 
× genotype interactions also remained significant for 
all parameters. Heat stress affected all genotypes 
growth and bio-chemical characteristics. However, 
ANNA was best performer under both normal and high 
temperature regimes and produced high yield compared to 
other genotypes.
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