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Abstract

Cucumber (Cucumis sativus L.) is the important vegetable crop in Pakistan. Abiotic factors such as water, salt and heat stress
reduce its yield. Among these factors, temperature is a vital abiotic factor, which seriously restricts the plant growth and
development. The aim of this research was to screen out the thermo-tolerant cucumber genotypes on the basis of morpho-
physiological and biochemical markers at seedling stage. It was a pot culture experiment in which seeds of ten different
genotypes of cucumber were sown in plastic pots and put in the growth chamber. Six seeds were sown in each pot with three
replications. The plants were exposed to three different heat stresses 23°C+2, 40°C+2 and 45 °C + 2 “C. The thermo-tolerance of
selected genotypes was assessed at the seedling stage. In current study, it was concluded that Safoora F; Hybrid and Fazal F;-
Hybrid Cucumber can be categories as heat tolerant, while Khushab Local, Summer Green, Bush Green, C-200, C-400 and
Cucumber Desi were regarded as heat sensitive cucumber genotypes at seedling stage because C-200 and Cucumber Desi
attained minimum shoot length (0.99 cm, 0.83 cm), shoot fresh weight (9.5 g, 8.06 g), shoot dry weight (0.01 g, 0.03 g), root
fresh weight (0.44 g, 0.43 g), root dry weight (0.004 g, 0.001 g), osomatic potential (12.88, 12.54 ¥), Relative water content
(19.87% ,15.99%), stomatal conductance (0.01 mmol m2 s%,0.00 mmol m s1), photosynthesis rate (0.21 pmol CO; m? S,
0.00 pmol CO2 m2 S1), proline contents (4.63 pmol g, 4.07 umol g*), phospours contents (1.81ppm, 1.08 ppm, and potassium
contents (1.52 ppm, 1.03 ppm) at 45°C, respectively. It was concluded that Safoora F1Hybrid and Fazal F1-Hybrid Cucumber
can be categories as heat tolerant, while Khushab Local, Summer Green, Bush Green, C-200, C-400 and Cucumber Desi were
regarded as heat sensitive cucumber genotypes.
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Introduction ointments, and antiseptics. This anti-inflammatory mediator is
known for its acerbic and peaceful properties. In several

Cucumber is an important summer vegetable crop in
Pakistan. It is an important member of the family
Cucurbitaceae. It is native to Asia, and cultivated history is
about 3000-year ago (Siddique et al., 2017; Ammar and
Arif, 2019). Now a day cucumber is grown all over the
world (Ali, 2018; Ali et al., 2021). Its fruit approximately
tubular and it has elongated shape. Its fruit can attain the
length of 60cm. It is cultured all over the place in the world
and used as fresh vegetable. Cucumber’s foliage and mature
fruit are used as salads in some area of the world (Ajayeoba
et al., 2015). This fruit is consumed mostly for preserving
and for carving in Asia. Its young branches are consumed as
soup and seed are also used as drawing out of oil.
Cucumber’s raita is mixture of cucumber and curd which is
further general recipe in India. Also being extensively used
for cooking purposes it is used in facemask creams,

countries it is also used to reduce the sickness in the body
(Grubben & Deton, 2004).

Cucumber is nutritious vegetable which is mostly used as
fresh as salad and pickles. However, sometime its fruit has bitter
taste which is due to cucurbitacin. It also has cooling effect and
keeping the bodies cool. It is good source of different mineral
and vitamins such as vitamin A, vitamin C, as well as folic acid.
The fruit peel is very important, and it is a rich source of fibres
and minerals including potassium, magnesium, and
molybdenum (Hameed et al.,, 2018). The annual world
cucumber production more than 71.70 MT (Khater, 2017).

In Pakistan, cucumber is grown in all provinces with area
33,67 hectares and production of 68,664 tones in Pakistan
(GOP, 2018-2019). China is the main product of cucumber in
the world with respect to area and production and has 62.7%
share in total area while 63.59% in whole world’s production.
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However, the Pakistan share in the world production is
negligible. The cucumber is a summer crop which requires
20 - 32° C temperature for its growth. There are so many
factor effects on the production of cucumber such as abiotic
and biotic factors weed, insect’s pests and diseases attack as
well as environmental issue like drought, and temperature
stress. However, climate change such as increase in
temperature is the main factor which impact on the
vegetable production (Ramakrishna & Gokare, 2011). The
current study focused on the identification of thermo-
tolerant and thermo-sensitive cucumber genotypes on the
basis of morpho-physiological and  biochemical
characteristics at seedling stage.

Materials and Methods
Growth attributes

Leaf area of the fully expanded leaves from each replication
was measured with the help of digital leaf area meter (LI-
3100; LI-COR Inc., Lincoln, NE, USA). However, the fully
mature leaves were used to measure the leaf area. Similarly,
Chlorophyll content was calculated by the help of
chlorophyll meter (CCM-200plus; Opti-Sciences, Hudson,
NH, USA) in this process we take two readings of each
replication then average use for the calculation of contents.
However, Free proline contents in the leaves were
determined following the method of Bates et al. (1973). Leaf
samples 0.5g were homogenized in 4 mL of salicylic acid
(3%) using a pestle and mortar filtered with Whatman No. 1
filter paper and the volume was made up to 10 mL with sulfo
salicylic acid. 2 mL extract was taken in test tubes along
with 2 mL of glacial acetic acid and 2 mL ninhydrin reagent
(1.25 g ninhydrin dissolved in 30ml glacial acetic acid and
20 mL ortho phosphoric acid) were added. The reaction
mixture was boiled in a water bath at 100°C for 30 min. 5ml
of toluene was added into it after cooling the reaction
mixture and after thorough mixing, the toluene was
separated and absorption read at 520 nm in
spectrophotometer.

Physiological parameters

Physiological parameters such as photosynthesis and
transpiration rate (m mol m-2 S-1) were measured with the
help of portable (IRGA) infrared gas Analyzer (LCi-SD;
ADC Bioscientific Ltd, Hoddesdon, UK). Dried ground
substance of (0.5 g) was use in the digestion tubes then the
concentrations of 5 mL of H,SO, were added in each test
tube (wolf, 1982). All the test tubes keep warm during the
night at room temperature then by using the 0.5ml of H,0;
(35%) dispense down the surface of the digestion test tube,
placed the tube in the digestion block and heated at the
temperature of 35°C until fumes were formed. These were
constant to heat for a further 30 minutes the digestion tubes
were detached from the block and then cooled 0.5 mL of
H,0, as gradually added and positioned the tube backside
into the digestion block. The above step was repeated until
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the cooled digestion substance become colorless. The amount of
the extract was maintained up to 50 mL in volumetric flasks.
The takeout was clean and used for the purpose of determination
of the K and P. Water use efficiency (WUE) was calculated by
the following method by IRGA (LCi-SD; ADC Bio-scientific
Ltd, Hoddesdon, UK), for water use efficiency (umol CO;
mmol~! H,0) was measured by dividing photosynthetic rate (A)
and transpiration rate (E).

lon analysis

The digested substance (5mL) was in use in the tubes of
Kjeldhals, tubes were positioned on the Kjeldhals ammonia
distillation part and 5 ml of 40% NaOH were further to every
tube boric acid solution (5 mL) was taken in a conical flask with
a small number of drops of assorted indicator. While the
distillate was about 40 ml, the distillation was stopped up. the
distillate was cooled for little time and titrated it with 0.01 N
average. H,SOq till the solution curved in pink color. A blank
was run for the whole process.

Nitrogen was predictable by the below formula:

N % age = (V2 - V1) x N x 0.014 x100

Whereas

V1 = volume of average H.SO4 necessary to titrate the Blank
solution.

V2 = volume of average H,SO4 necessary to titrate the sample
solution.

N = Normality of H,SO4

W = Weight of the sample

Statistical analysis

Data were analyzed with the help of help of Statistix 8.1 and
least significant difference (LSD) test at 5 percent probability
level was used to compare the differences among treatments
(Steel et al.,1997).

Results

Effect of different heat stress on morphological
attributes

Effect of heat stress on shoot length (cm), shoot fresh weight
(9) and shoot dry weight (g) at seedling stage in different
cucumber genotypes

Table 1 showed the significant interact in heat stress with ten
genotypes at p< 0.05 in relation to shoot length), shoot fresh
weight (g) and shoot dry weight (g) at seedling stage in different
cucumber genotypes. Safoora Fi-Hybrid had maximum shoot
length (38.70 c¢cm) at 23 "C. On the other hand, the less
interaction was recorded in Cucumber Desi at 40 “C and at 45
°C leaving shoot length of 5.54 cm and 0.83 cm, respectively. It
was found that cucumber Safoora F; Hybrid and Fazal Fi-
Hybrid were more heat tolerant through keeping the maximum
values 38.70 cm and 36.84 cm, respectively of shoot length.
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Cucumber Ana, Khushab Local, C-200 and C-400 had the
range 0.9-3.70 cm of shoot length at 45 °C and were heat
sensitive. It was observed that mortality occurred in C400
and C-200 at maximum heat 45 °C. The treatments effect
on shoot fresh weight was found significant and variation
among ten genotypes was also significant at maximum heat
stress (45 °C). The maximum shoot fresh weight (SFW) was
observed in control in Safoora Fi-Hybrid (24.44 g), while
the minimum SFW was recorded at 45 °C in Cucumber Desi
(0.23 g). Similarly, Cucumber Ana, Green long, Khushab
Local and Bush Green genotypes maintained 6.70 g, 4.68 g,
and 3.68 g shoot fresh weight, respectively. Summer Green,
C-400 and C-200 achieved 1.53 g, 0.23 g, and 0.44 g,
respectively of SFW at 45 °C. These genotypes were
classified as semi-tolerant at maximum heat. However, it
was found that maximum level of heat stress (50 °C) cause
mortality of plants. Statistical analysis showed a significant
interaction of Safoora F; Hybrid cucumber genotype and
heat stress levels at p < 0.05 in terms of plant dry weight.
The highest interaction dry weight (0.92 g) was observed in
Safoora F1-Hybrid at 45 °C. On the other hand, the
minimum values of the dry weight recorded in C-200 (0.01

9).
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Effect of heat stress on root fresh weight (g), root dry weight
(g) and on leaf osmotic potential (Ww) at seedling stage in
different cucumber genotypes

Results showed that increasing levels of heat stress related
significantly (p< 0.05) with cucumber genotypes at in terms of
root fresh weight (Table 2). Data regarding root fresh weight
influenced by different treatments of heat stress. It was
described from the data that the maximum root fresh weight was
observed in Safoora F1Hybrid (6.58 g) at 23 °C, while minimum
root fresh weight (0.43 g) was revealed C-200 at 45 “C. Heat
stress has significant effect on root dry weight of all cucumber
genotypes. Safoora F; Hybrid and Fazal F; Hybrid showed
maximum values of root dry weight (2.69 g and 2.53 g,
respectively) at 23 °C. Similar, findings were observed at 40 and
45 °C. However, Cucumber Desi, C-400 and C-200 showed the
lowest root dry weight at 40 and 45 °C than all other genotypes.
Different treatments of heat stress significantly (p< 0.05) effect
on leaf osmotic potential. The maximum leaf osmotic potential
was observed in Safoora Fi-Hybrid, and Cucumber Ana at 23
°C. However, the highest leaf osmotic potential of (16.36 ¥y)
was observed in Safoora F1 Hybrid at 40 °C and it was heat
tolerant genotype compared all other genotypes (Table 2).

Table 1 Effect of heat stress on shoot length (cm), shoot fresh weight and shoot dry weight and at seedling stage in different

cucumber genotypes

Genotypes Shoot length (cm) Shoot fresh weight (g) Shoot dry weight (g)
23°C+2 40°C+2 45°C+2 23°C 40°C 45°C 23°C 40°C 45°C

Safoora 38.70°+2.98  32.56°+0.78 14.50%+1.02 24.438* 12.83* 9.504*  4.57° 1.822 0.922

F1 Hybrid

Fazal F;- 36.84°+2.81  29.62°+1.04 12.06° 21.20° 8.20>  8.06®  4.29®  161%  0.80°

Hybrid +0.51

Cucumber  34.42°+251  9.429+0.48  3.709x2.79  19.17*¢  6.99¢ 6.70° 415%  1.37% 058

Ana

Green 35.40°+1.92 10.00°42.44 3.88°+1.36 17.63® 6.22° 4.68°  3.67% 1.01%c (.32

Long

Khushab 31.859+1.11 5.99%+152 2.93%+227 17.30%¢  3.27¢ 3.68%  3.42b¢d  (Q79%  (.15%®

Local

Bush 30.92°+0.68 5.68°+1.12  2.80°+1.64  17.04%¢  3.25¢ 2.80%  3.39kd  053%c  0.10®

Green

Summer 31.33%+1.13 572%+215 1.83'+237 16.54%* = 2.74¢ 153 2860 0.29%c  (0.05%

Green

Cucumber  29.357#1.73  5.54"+234  0.839+1.60  15.05° 1.58¢ 0.23"  2.41°%d 0,13  0.03°

Desi

C-400 31.77%+2.30 5.84+0.95 0.949+2.88 15.47° 2.10¢ 0.44 1.98% 0.10¢ 0.02°

C-200 30.01+3.03  6.03%+1.98  0.999 +2.27 16.58f 2.04¢ 04407 1.73¢ 0.09°¢ 0.01°

Mean sharing similar letter in a row or in a column are statistically non-significant, while different lettering shows significant difference at P

<0.05.

Effect of heat stress on relative water content (RWC),
stomatal conductance (mmol m?2 s!) and net
photosynthesis rate (umol CO2 m S?) at seedling stage
in different cucumber genotypes

Relative water content (RWC) indicated significant result of
increasing levels of heat stress on cucumber genotypes at p<
0.05. It was recorded that RWC was reduced with the
increasing levels of heat stress. Cucumber Desi showed
minimum RWC at 45 °C by reducing water contents up to

15.99%. Safoora Fi-Hybrid and Fazal Fi-Hybrid achieved the
maximum water contents (90.71 and 89.67%, respectively) at 23
°C, which were significantly higher than all other genotypes.
The photosynthesis and stomatal conductance were significantly
influenced by heat treatment (Table 3). The ratio of leaf stomata
opened increase after heat stress, as there was an inverse relation
between heat stresses and stomata conduct as shown in Table 3.
The stomata conduct was increased due to heat stress in all
genotypes compared to non-stressed condition. Minimum
Stomata conduct was observed in C-400 and Cucumber Desi
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(10.60 mmol m?2 stand 9.98 mmol m2 s?, respectively) at
45 °C. The ratio of leaf stomata opened increase after heat
stress, as there was an inverse relation between heat stresses
and stomata conduct as shown in Table 3. The stomata
conduct was increased due to heat stress in all genotypes
compared to non-stressed condition. Minimum Stomata
conduct was observed in C-400 and Cucumber Desi (10.60
mmol m2 stand 9.98 mmol m2 s, respectively) at 45 °C.

Effect of heat stress on: Proline contents (umol g?),
chlorophyll content (mg g?') of plants and nitrogen
content in leave (ppm) at seedling stage in different
cucumber genotypes

Compared to the non-stress plant, heat treatment increases
the leaf proline content significantly. The minimum leaf
proline content was observed in Cucumber Desi (3.21 p
moles g1) and C-400 (2.62 moles g?) at. 40 "C Fazal F;-
Hybrid and Bush Green at the same levels had significantly
more proline contents (5.19 p moles g* and 5.19 g moles g
1). Proline contents were increased under all heat treatment
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compared to non-stress treatment in all genotypes. The analysis
of data showed that Fazal F; Hybrid and Safoora F1 Hybrid have
the highest leave proline contents (6.73 pmol g** and 6.09 umol
g™1) than other genotypes at extreme heat 45°C and showed to be
heat tolerant. These genotypes are grouped as semi heat tolerant
genotypes than Fazal F; Hybrid Cucumber and Safoora Fi
Hybrid. Although, with increasing stress levels the chlorophyll
contents were decreased in ten cultivars.  Chlorophyll
substances were significantly reduced to (2.50 mg g ') at 45 °C
compared with 23 °C (4.87 mg g?) in Safoora Fi-Hybrid.
Cucumber Desi and C-200 have the least interaction with the
heat stress level of 40 ‘C reducing the chlorophyll content to
(0.22 mg gt and 0.31 mg gY). It was determined that the Safoora
F1 Hybrid and Fazal F1 hybrid genotypes of cucumber were
exhibited top chlorophyll content than other cultivars at 45 °C.
Nitrogen contents in the leave of the cucumber genotypes were
significantly affected under various levels of heat stresses.
Safoora F1-Hybrid showed higher stress result than all other
cultivars. At control 23°C, it had (6.73 ppm) and under 40°C by
achieving (4.03 ppm) of leaf nitrogen content.

Table 2 Effect of heat stress on root fresh weight (g) and root dry weight (g) and on leaf osmotic potential (V) at seedling stage

in different cucumber genotypes

Genotypes Root fresh weight (g) Root dry weight (g) Leaf osmotic potential (‘)
23'C+2  40°C+2 45°C+2 23°C+2  40°Cx2 45°C+2 23'C+2 40°C+2  45°C+2
Safoora F; 6.58% 3.442 2.842 2.692 2.828 1.63* 1514*+0.91  16.36° 15.14%
Hybrid +1.69 +0.91
Fazal Fi- 6.34% 3.22% 2.60%  253® 2.71%® 1.40%  15.21°+1.58 15.65° 15.21°
Hybrid +1.07 +1.58
Cucumber 5.80%c  3.18% 2.19%  2.41%® 2.53d%c 1.11¢ 15.24% +0.83 15.77° 15.24*
Ana +1.43 +0.83
Green 5.27%c  2.86%c  1.88%c  237® 2.413%c 0.98%  13.97°+0.81 14.07¢ 13.97¢
Long +0.95 +0.81
Khushab 5.12ak  2.22%c 165  2.25% 2.20%¢ 0.73° 13.84¢+2.36 12.93¢ 13.84°¢
Local +1.25 1+2.36
Bush 4783  2.38abc  1.52%c¢  1.68® 1.63%¢ 0.52¢ 1283 +1.49  11.92¢ 12.83%
Green +1.36 +1.49
Summer 4.35% 156 1.08  1.49%® 1.24% 0.3¢ 13.06"+1.69 12.62°+  13.06+
Green 1.60 1.69
Cucumber 3.93b 1.72b¢ 0.44¢ 1.42° 1.10% 0.02f 8.63" +1.04 10.09¢ 7.54
Desi +1.16 +1.77
C-400 3.95b¢ 1.44¢ 0.45° 1.38° 0.92¢ 0.06°"  11.929+0.58 11.50¢ 11.92¢
+0.87 +0.58
C-200 3.99° 11.40¢ 0.43° 1.25° 0.72¢ 0.01%"  12.94b9+1.17 9.88° 12.94bcd
+1.15 +1.17

Mean sharing similar letter in a row or in a column are statistically non-significant, while different lettering shows significant difference at P

<0.05.

Effect of heat stress on phosphorous content and
potassium content (ppm) in leaves at seedling stage in
different cucumber genotypes

The influence of different heat treatments on cucumber
genotypes described the significant statistical differences at
p <0.05 in terms of phosphorous (P) contents in leave. The
highest phosphorous was recorded for P contents in Safoora
F1-Hybrid (6.50 ppm) at control 23 “C compared to (45 "C)
that showed (4.75 ppm). Similarly, minimum (1.33 ppm) P

contents were revealed in Cucumber Desi under maximum heat
stress (45 “C). At 40 °C and 23 °C the P contents were decreased
(3.91 and 2.62 ppm) respectively in Cucumber Desi. Increasing
heat stress treatments (40 °C and 45 °C) caused a significant
reduction in P contents in leave in all selected genotypes. It was
proved that Safoora F1-Hybrid and Fazal F1-Hybrid Cucumber
were kept the maximum P contents in leave (4.75 and 3.62 ppm,
respectively) than other genotypes at 45°C. Potassium (K)
contents of the cucumber genotypes were significantly affected
by the increasing levels of heat stress. The greatest interaction
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of treatment and genotypes at p>0.05 has been shown both  recorded for all the ten genotypes under high heat stress (45 “C).
by Safoora F1-Hybrid and Fazal F1-Hybrid, having K  The minimum potassium contents (1.07 ppm) at 45 °C in
contents 5.60 ppm and 5.20 ppm, respectively at 23 °C. A Cucumber Desi as shown in Table 5.

statistically significant decrease in the K contents was

Table 3 Effect of heat stress on relative water content (RWC), stomatal conductance (mmol m-? s) and net photosynthesis rate
(umol CO; m2 S1) at seedling stage in different cucumber genotypes

Genotypes Relative water content (RWC)  Stomatal conductance (mmol m Net photosynthesis rate (umol
2gl CO,m2S%
23°C+2  40°C+2  45°C+2  23'C+2  40°C+2  45°C+2  23°Cx2 40°C+2 45°C+2
Safoora F1 90.712 65.452 43.752 2.34¢ 4.78¢ 7.02¢ 5.392 2432 1.4702
Hybrid +1.03 +1.13 +0.54 +0.32 +1.07 +0.67 +0.19 10.71 +0.36
Fazal F1- 89.67° 60.2° 40.00° 2.06° 4.72¢ 6.33¢ 5.15% 2.36° 1.35°
Hybrid +2.65 +2.18 +0.88 +.23 +1.00 +0.50 10.32 +0.56 +0.22
Cucumber 88.13° 58.78° 34.10° 2.96° 5.18% 7.03%+0 4,70 1.51° 1.27°
Ana +1.30 +0.51 +1.11 +1.34 +0.10 13 +0.39 10.72 +0.07
Green Long  84.99% 54.44 26.09¢ 3.01 4.52¢ 8.60¢ 3.61° 1.24° 1.10°
+2.07 +0.98 +1.09 +1.78 +1.12 +0.11 +0.27 10.52 +0.17
Khushab 86.10° 56.43% 28.77% 3.06% 5.03b 8.79¢ 3.43b 1.22¢ 1.00%
Local +1.11 +0.92 +0.47 +1.22 +1.56 +0.23 +0.05 10.12 +0.19
Bush Green 82.5¢ 48.12¢ 18.19° 3.87¢ 5.60° 7.86%+0 3.82¢ 0.98¢ 0.94¢
+0.90 +1.09 +1.37 +1.99 +1.32 12 +0.06 +0.15 +0.42
Summer 80.76° 45.2¢ 20.67¢ 4.99¢ 7.70% 9.98° 3.71% 0.93¢ 0.83¢
Green +0.58 +1.52 +1.45 +1.89 +1.33 +0.43 10.12 +0.85 +0.05
Cucumber 79.13f 34.78¢9 15.99¢ 6.56° 8.38? 10.6°+0. 3.33¢ 0.42¢ 0.149
Desi +0.17 +0.26 +0.47 +0.98 0,77 07 055 +0.40 +0.17
C-400 81.88% 46.10% 17.13¢ 2.51¢ 4.80¢ 7.87%+0 3.41f 0.92f 0.42%
+1.86 +0.62 +0.08 +0.76 +1.90 46 +0.44 +0.68 +0.27
C-200 79.97 38.08°f 19.87¢ 5.03° 7.51° 9.62° 3.45¢ 1.00¢ 0.33f

+0.90 +0.56 +1.19 +0.76 +0.12 +0.34 +0.32 +0.38 +0.12
Mean sharing similar letter in a row or in a column are statistically non-significant, while different lettering shows significant difference at P
<0.05

Table 4 Effect of heat stress on: Proline contents (umol gt), chlorophyll content (mg g) of plants and nitrogen content in leave
(ppm) at seedling stage in different cucumber genotypes

Genotypes Proline contents (umol g1 Chlorophyll content (mg g*) of Nitrogen content in leave (ppm)
plants
23°C+2 40°C+2 45°C+2 23°C+2 40°C+2 45°C+2 23°C+2 40°C+2 45°C+2
Safoora F; 5.462 6.012 6.73% 4.872 4.472 2.50? 6.732 5.972 4.032
Hybrid +0.07 +0.87 +0.03 +0.92 +0.76 +0.42 +0.01 +0.61 +0.71
Fazal F;- 4.99° 5.19% 6.09° 4.66° 4.26° 1.09° 5.99° 4.92° 3.78°
Hybrid +0.03 +0.06 +0.017 +0.25 +0.31 +0.14 +1.15 +0.02 +0.48
Cucumber 2.154 3.30°f 4.52¢ 4.40% 3.10% 0.94°¢ 3.80 2.17¢ 1.24¢
Ana +0.06 +0.19 +0.02 +0.32 +0.28 +0.16 +1.13 +0.07 +0.54
Green Long 3.72% 4.06° 5.04%¢ 3.54k¢ 2.26° 0.32¢ 5.04% 3.53¢ 2.99%
+0.13 +0.07 +0.03 +0.67 +0.54 +1.53 +0.03 +0.02 +0.71
Khushab 2.92¢ 3.96° 5.03% 3.80°¢ 2.18° 0.41% 6.73? 5.97% 4.03%
Local +0.11 +0.02 +0.09 +1.18 +0.22 +0.65 +0.01 +0.61 +0.71
Bush Green 4.63° 5.83° 4.15¢ 3.25b¢ 0.82¢ 0.20¢ 4,95 3.03« 2.75¢
+0.13 +0.08 +0.04 +1.14 +0.32 +0.38 +0.01 +0.05 +0.06
Summer 3.90% 4.80° 5.53¢ 2.63¢ 0.42¢ 0.17f 4,95 3.03« 2.75¢
Green +0.100 +0.04 +0.02 +1.42 +0.27 +0.068 +0.01 +0.05 +0.06
Cucumber 2.10¢ 3.21°f 4.07f 2.50¢ 0.22f 0.06° 3.74¢ 2.00¢ 1.08% +1.0
Desi +0.17 +0.33 +0.032 +0.65 +0.34 +0.085 +0.01 +0.08
C-400 2.67% 2.62f 4.98° 2.74¢% 0.31¢ 0.09¢ 3.84¢ 2.64" +1.32 1.97¢
+0.18 +0.78 +0.021 +0.07 +0.13 +0.02 +0.16 +0.07
C-200 2.88¢ 3.86° 4.63° 2.83¢ 0.50¢ 0.11f 3.89¢ 2.94¢ 1.81¢
+0.15 +0.77 +0.067 +0.08 +0.19 +0.10 +0.12 +1.15 +0.03

Mean sharing similar letter in a row or in a column are statistically non-significant, while different lettering shows significant difference at P
<0.05.
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Table 5 Effect of heat stress on: phosphorous content and potassium content (ppm) in leaves at seedling stage in different

cucumber genotypes

Genotypes Phosphorous content in leaves (ppm) Potassium contents in leaves (ppm)
23'C+2 40°C+2 45°C+2 23'C+2 40°C+2 45°C+2
Safoora F1 6.50°+0.03 5.59%+0.02 4.75%+0.02 5.60%+0.25 4.90°+0.22 3.80°+0.04
Hybrid
Fazal F1- 5.91+0.07 4.72°+0.01 3.62°+0.11 5.20°+0.07 4,50°+0.07 3.39°+0.02
Hybrid
Cucumber 3.98°+1.28 2.899+0.62 1.73>+0.16 3.70%+2.19 2.63%+2.19 1.48+0.11
Ana
Green Long 5.06°¢0.30 3.86°¢0.14 2.89°+1.21 4.99°+0.02 3.09%+2.18 2.99%+0.05
Khushab 5.79%+0.79 4.60%°+1.24 3.05%+0.01 3.65%+2.13 2.54°+0.26 1.88%+0.01
Local
Bush Green 4.81%+0.02 3.67°°+0.03 2.99°4+0.05 5.00%+0.01 3.04%+0.04 2.46°+0.37
Summer 3.29%+0.32 2.62%+0.97 1.46°+ 0.53 4.71°°+0.02 2.97°4£0.02 1.981+0.07
Green
Cucumber 3.91%+0.22 1.97°+0.10 1.33%+0.96 3.45%+ 0,14 2.41%+0.25 1.07 %+0.02
Desi
C-400 4.00%+0.62 2.08f+0.62 1.50+0.89 4.06°+2.11 2.75%40.13 1.63%+0.05
C-200 4.569+0.42 2.76°+0.45 1.61%+0.96 3.83%+2.10 2.69%+0.12 1.52°4+0.08
Mean sharing similar letter in a row or in a column are statistically non-significant, while different lettering shows significant difference at P
<0.05.
Discussion of carbohydrates and starch in leaves that compressed the shoot

Worldwide temperature has a universal adverse influence on
plant development. The high temperature influence on crop
production and the consequence of famine (Bita and Gerats,
2013). In this investigation, we evaluated the effect of
temperature modification on summer vegetable production.
High-temperature stress influenced on cucumber genotypes
in terms of morpho-physiological and biochemical
attributes. In this evaluation, we analyzed to identify the
plants tolerant to heat stress. As an assumption, we impost
potential practices and approaches which could lead to
screen out the genotypes with economical production.

In present research, it was concluded that, heat stress
significantly disturbs the morphological attributes e.g., stem
length, shoot fresh biomass, shoot dry biomass, and root
fresh weight and root dry weight. Based on growth
imperative challenges, genotypes can be characterized into
tolerant and sensitive based. Heat stress adverse relation
with shoot length, Cucumber Desi showed minimum shoot
length. Safoora F1-Hybrid showed highest shoot length than
all other genotypes as presented in seedling, maturity and
reproductive periods. Extreme temperature reduced the cell
division, which disturbed plant development by influencing
the shoot length. Similar results reported by Prasad et al.
(2006), they determined that heat stress declined seed
viability, shoot growth, plant height, generally plant
development and biomass of sorghum. If plants are exposed
to high temperature, it decreases the stem development
consequently, reduced the plant height endure high
temperature for prolong period. It disturbed the
morphological attributes such as plants containing leaves,
sprouts, flower-buds, plant height, and roots development
(Tsukaguchi et al., 2003; Iwaya-Inoue et al., 2004). Our
results coordinated with Abdelmageed et al. (2003) who
described that high temperature decreases the accumulation

length.

In present study, heat stress also influenced fresh biomass of
shoot and root fresh and dry biomass of shoot and root of
cucumber genotypes (Safoora F1 Hybrid and Fazal F1-Hybrid)
showed maximum value of shoot and root fresh weight.
Cucumber Desi showed sensitivity to the temperature at
seedling, maturity and reproductive stages. As reported earlier
high temperature reduced the fresh biomass of shoot, root, net
photosynthetic rate and enhanced the burning of foliage and leaf
senescence due to heat stress and development of crops like
maize, sugarcane and pea (Wahid et al., 2007). According to
Porter and Gawith (1999) also observed that heat stress reduced
the roots and shoot, development. Individually, our findings
bear a resemblance with another study done by Wahid et al.
(2007) which delineate that lowering of such variables could be
caused by reduction in the concentration of starch. Our results
are in line with these results when, the temperature increased
then curling and senescence of leaves finally reduction in fresh
and dry weight of plants at seedling, maturity, and reproductive
stage (Giaveno & Ferrero, 2003). When heat stress increases,
the water vaporized, and salinity developed it reduced the
morphological attributes of plants. Our result could be compared
with Tantawy et al. (2009) who determined that plant height,
total chlorophyll, leaf area, and ionic contents, shoot fresh
biomass and root dry weight, as well as yield attributes, declined
under salinity in tomato vegetable. Similar findings were
observed by Khadija et al. (2022; 2024) who measured the
flower, leaf attributes in different cucumber cultivars and
embryogenesis from anthers. During current study it was
recorded that morphological parameters decreased in all
selected cultivars. Safoora F1-Hybrid had the maximum heat
tolerant capacity as compared Desi Cucumber. Our
investigations matched with the results of Yilmaz et al. (2004)
they described that various environmental stress as heat stress,
drought and salt stress influenced on the plant growth.
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It was recorded from present investigation that heat
stress also has a significance effect on the gas exchange
characteristics such as photosynthesis rate, stomatal
conductance, chlorophyll contents, and water use efficiency
in all selected genotypes. As the temperature increased than
leaf area condensed, a stomatal disturbance occurred,
mesophyll cell damage so green pigment reduced, and
leaves become yellow of all the varieties. It was recorded
earlier by Shahid et al. (2011) they investigated the
photosynthesis rate and stomatal conductance declined in
okra (Abelmoschus esculentus L.) under heat and salinity
stress. They also reported that germination cannot be
considered a good parameter for screening under heat stress.
It was reported earlier that reduction in growth was early
response and a common attribute in plants when subjected
to environmental stresses like heat, salinity, and drought in
vitro or in vivo were recorded in soybean (Zhang et al.,
2008) and in okra (Wu & Cosgrove 2000). Similarly, results
from the Arabidopsis genome studies showed that many
genetic mechanisms including cell and genome protection
in contradiction of biotic and abiotic stress are reserved in
eukaryotic cells (Joyce et al., 2003).

Heat stress has a strong link with salt stress because
more water transpired, and salinity occurred will reduce the
osmotic potential in leaves were stimulated. Heat stress also
has significance influence on chlorophyll contents,
transpiration rate, and photosynthesis as well as water use
efficiency of plants of ten selected genotypes of cucumber.
A particular temperature is necessary for plant growth, less
or above vital temperature cause of influence the plant
evolution sequence. Photosynthesis, stomata conductance,
chlorophyll contents, transpiration rate, and water use
efficiency are vital to process and key factors in determining
the heat tolerant and heat sensitive genotypes. Thuzar et al.
(2010) reported that temperature interrupts through an effect
on photosynthesis rate, leaf area expansion, and fruit
development. They also observed that the photosynthesis
rate per unit area and a number of seeds have a strong
correlation with crop development.

Kim et al. (2007) described that the plant's grow in heat
stress influenced the biomass, enzyme activities, leaf area
and photosynthesis process in plants. More reduction was
recorded temperature increased gradually. Shah and
Paulsen, (2003) stated that the process of photosynthesis,
shoot length, fresh biomass and leaf area of wheat crops are
rapidly declined under extreme temperature. Yamane et al.
(2000) reported that when elevated in the temperature then
stomatal and non-stomatal restraint occurred. Dekov et al.
(2001) described that chlorophyll accumulation reduced
structural and functional interrupting of chloroplasts in
temperature stress. The outcomes of the present study also
proved that whenever temperature increased gradually then,
upgraded the water used efficiency at all phases of
cucumber’s genotypes. water and sun light are essential for
the photosynthesis process, when heat stress occurs in the
plant it disturbs the growth of plants and physiological
process like, photosynthesis process slow down, increase in
transpiration rate and closing stomata. In recent research we
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concluded that heat stress effects photosynthesis process,
transpiration rate, stomatal conductance chlorophyll contents,
and water use efficiency in heat tolerance genotype (Safoora F1
Hybrid) and heat sensitive genotypes (Cucumber Desi). Safoora
F1-Hybrid showed the maximum performance while Cucumber
Desi exhibited poor performance.

Under the temperature stress, leaf area decreased, and
improvement of the transpiration rate rapidly declined. It was
recognized that growth achieved under limited usage of
resources in osmolytes production, supports plants in attaining
determined production under high stress (Serraj & Sinclair,
2002; Alves & Setter, 2004). Relative water content is one of
the basic techniques to evaluate drought response in plants.
Drought affects the chlorophyll contents of the plants in several
ways, but the closing of stomata is the most significant reason
for the reduction in the chlorophyll contents (Kawasaki et al.,
2001). Under high temperature declined the translocation and
assimilation of the photosynthetic process (Demiral et al., 2005).
Dichio et al. (2006) described that osmotic regulation of the
plants through decline osmotic potential. These osmotic
potential supporting plants to survive under drought salinity and
heat stress. These osmolytes are such as proline, aspartic acid,
glutamic acid, glycine betaine and alanine betaine that protect
the plant form abiotic stress (Sakamoto & Murata, 2002).

According to the study of Bajji et al. (2002), the rapid
increase in osmotic potential may cause by electrolyte break out
from cells as membrane variability is important in adjoining or
surrounding osmolytes. In vitro study of other plant cultures
demonstrated the reduced content of chlorophyll in case of
increased stress rate of drought (Molasiotis et al., 2006). The
estimate of the strength and steadiness in chlorophyll rate are
discovered responsible for the certain and rapid method which
is used to assess the tolerance capacity of the plant under certain
drought stress (Perceival & Sherif, 2002). Biochemical
parameter like proline contents is affected in temperature stress.
Proline accumulation in roots and shoots increased in all
genotypes of cucumber at vegetative and reproductive phases.
Safoora F1-Hybrid showed maximum performance for the
accumulation of proline (roots and shoots). Cucumber Desi
showed the lowest performance. Plants under saline stress,
drought and heat stress adopt diverse contraptions to regulate
the osmotic adjustment. It was also concluded from the results
of Ramanjulu & Sudhakar (2001). They described that osmotic
modification through accumulating of compatible solutes such
as Proline, Glycine-betaine, and Polyols under heat stress. Alike
result also obtained from Yang et al. (2003) they proved that
proline accumulation is recognized as the alteration of salinity
and Glycine-betaine. These are the most abundant quaternary
ammonium developments developed in higher plants due to
salinity.

It was screen out from present study that heat tolerant
genotype (Safoora F1 Hybrid) protection against heat stress was
more than heat sensitive genotypes (Cucumber Desi). Some
compounds protect the heat tolerant plants from different
stresses by osmotic adjustment, detoxification of ROS, support
of tissue veracity, the stability of amino acid and enzymes
(Bohnert & Jensen, 1996). Rhodes and Hanson, (1993) informed
that proline, polyols, trehalose, sucrose, glycinebetaine,
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alaninebetaine, proline betaine, choline O-sulphate,
hydroxyl proline betaine, and pipecolate betaine are low
molecular weight, highly soluble that is non-toxic in higher
ratio at the cellular level under high temperature stress.
Ramanjulu and Sudhakar, (2001) specified that under
salinity, pea plants regress multifarious mechanisms
consenting for adjustment to osmotic and ionic stress. Such
scheme makeup osmotic adaptation accumulation of well-
suited solutes, for example polyol, proline and
glycinebetaine,

According to Verbrugen and Hermans (2008), plant
yield, growth and buildup of proline are negatively affected
by drought stress among other environmental stresses.
Practically this accumulation happens during stress
condition in all plants and there are also records of high
buildup of proline in tissues. Surely their water content
found low, for example inflorescence and seed (Khan et al.,
2020). When plant is exposed to conditions full of stress,
their primary response is usually buildup of proline to avoid
cell injury (Ashraf & Foolad, 2007). Between such
functions, relative capability as an osmolytes, proteins
(stabilizing) regulation of cystolic pH and free radical
scavenging of hydroxyl radicals was also recorded (Hong et
al., 2000). Process of Osmoregulation via proline collection
of proline and inorganic ions has been proposed as possible
profit for protection from stress caused by water in in vitro
plant (woody) cultures (Brito et al., 2003). More buildup of
proline was found in tolerant plants towards drought stress
as compared to those which were sensitive (Verbruggen &
Herman, 2008). The study of Bor et al. (2003) demonstrated
that wild plant species which were tolerant to drought
contained more proline than sensitive ones. Moreover,
drought tolerance was improved through increased proline
contents by the role of transgenic methods (Hong et al.,
2000; Roosens et al., 2002).

Rafig et al. (2013) showed that raised level of
temperature has potential to reduce the biological, physical
and morphological characteristics and functioning including
development of plant and its enlargement that ultimately
lessens the yield. Biogenetic actions, molecular settlement
and exogenic use of osmo-protectants such as proline are
used to raise tolerance levels in plants against heat stress.
They determined that the result of high temperature
influenced the flower wilting, dryness of anthers, flower and
fruit development. Ahmad et al. (2013) informed that stress
tolerance ability of could be recognized through the growing
of plants under environmental stresses. It was concluded
that Safoora F1-Hybrid and Fazal F1-Hybrid can be regarded
as heat tolerant among ten genotypes. These genotypes
revealed as heat tolerant, while Local Khushab Green,
Summer Green, Bush Green, C-200, C-400 and Cucumber
Desi were considered as heat sensitive cucumber genotypes.

Conclusion
In current study, it was concluded that Safoora F; Hybrid

and Fazal Fi-Hybrid Cucumber can be categories as heat
tolerant, while Khushab Local, Summer Green, Bush Green,
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C-200, C-400 and Cucumber Desi were regarded as heat
sensitive cucumber genotypes at seedling stage.
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