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Abstract

When cucumber plants (Cucumis sativus L.) are subjected to high-temperature environments (>35°C), their physiological 
structures are disrupted, affecting male–female flower inflorescence and fruit shapes, which are critical to cucumber quality. 
Accordingly, selecting heat-resistant cultivars is imperative in cucumber cultivation. This study tested three cucumber cultivars 
with varying resistance levels to high temperature: Wen nong 210, CU-127, and Ks No. 3. When the seedlings of these cultivars 
grew their primary leaves, leaf discs were collected and treated at varying temperatures; subsequently, relative injury (RI) 
was calculated to determine the cultivars’ cell membrane stability at high temperatures. The results revealed that Wen nong 
210 sustained 50% RI at 54.1°C, exhibiting the greatest cell membrane stability, followed by CU-127, which sustained 50% RI 
at 53.9°C, and then Ks No. 3, which sustained 50% RI at 52.8°C. Analyzing the cultivars’ physiological indices indicated that, 
at 45°C, Ks No. 3 had the highest malondialdehyde (MDA) content but the lowest chlorophyll content, whereas Wen nong 210 
had low MDA content but high chlorophyll content. Antioxidation analysis showed that at 45°C, Ks No. 3 and Wen nong 210 
exhibited the lowest and highest ascorbate peroxidase (APX) activity, respectively. Furthermore, at 35°C, Ks No. 3 exhibited 
high proline content. In summary, physiological indices (H2O2, MDA, and chlorophyll content), proline content, and APX 
activity can constitute the basis of heat resistance screening standards for cucumber plants grown under high-temperature 
conditions.
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Introduction

High temperatures can alter crop’s structure, 
physiological mechanisms, and biochemical reactions, 
hence affecting crops’ yield and quality. Therefore, a high 
environmental temperature is a major limiting factor to 
the growth of crops. The term “high temperature stress” 
refers to a situation in which the observed temperature 
exceeds a specified threshold; when a temperature of 
environment exceeds an optimal growth temperature of 

plant by 10°C–15°C, the plant’s growth and development are 
irreversibly impaired [1]. Cucumber (Cucumis sativus L.) is an 
annual creeping plant belonging to the Cucurbitaceae family 
and Cucumis genus, and its favorable growth temperature is in 
the range 20°C–30°C. When the environmental temperature 
exceeds 35°C, the physiological functions of cucumber 
plants are impaired, affecting the inflorescence of male and 
female flowers and the shape and quality of fruits [2]. With 
the strengthening of global warming and climate change, 
cucumber plants are often subjected to high temperature 
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stress levels in summer, rendering summer heat a factor that 
inhibits their production [3-4].

When plants experience biotic or abiotic stresses 
such as drought, high temperature, flooding, ozone, saline, 
heavy metal, high-intensity light, and pest stresses, their 
metabolism generates numerous types of reactive oxygen 
species (ROS), including the superoxide radical (O2-∙), 
hydroxyl radical (HO∙), and hydrogen peroxide (H2O2). These 
ROS accumulate in plant cells and cause oxidative stress, 
damaging the structure and affecting the permeability of the 
cell membrane system. In severe situations, they can result 
in membrane lipid disintegration, disrupting cell membrane 
stability and causing plants to perish in stages [5-9]. Among 
the ROS, H2O2 is a cell metabolism product and constitutes 
a powerful oxidizer. Low-concentration H2O2 can serve as 
an intracellular signaling molecule. However, when cells 
contain iron or copper ions, the Haber–Weiss reaction occurs 
between H2O2 and O2

－‧, generating toxic hydroxyl radicals 
(OH‧) that can cause severe damage to cells. Therefore, high-
concentration H2O2 has been recognized as being harmful 
to cells [10-11]. When plants grow, their antioxidation 
mechanisms regulate their H2O2 content to promote growth 
and development [5-7].

Antioxidant enzymes, including ascorbate peroxidase 
(APX), catalase (CAT), glutathione reductase (GR), peroxidase 
(POX), and superoxide dismutase (SOD), are among the 
antioxidation mechanisms of plants. SOD is the first line of 
defense of plants against oxidation, converting toxic O 2

－‧ 
into H2O2, which is subsequently reduced into water by APX, 
GR, and CAT, thus mitigating free-radical-induced damage to 
plant cells [5-7].

Plants accumulate peroxides in high-temperature 
environments, engendering peroxidation in the lipids and 
membranes of numerous organelles, such as chloroplasts 
and mitochondrions [12-13]. Lipid peroxidation can induce 
membrane system degradation, increasing membrane 
permeability [14]. Therefore, the content of a lipid 
peroxidation product, malondialdehyde (MDA), can be used 
as an indicator of the degree of lipid peroxidation [15-16]. 
When Asian rice (Oryza sativa) encounters the heavy metal 
arsenic, the rice stalks shorten as the arsenic concentration 
increases. Additionally, the H2O2 content in rice increases 
with the arsenic concentration, and this is accompanied 
by an increase in MDA content and decrease in chlorophyll 
content [17].

Numerous researchers have investigated cucumber 
plants’ heat resistance properties from ecological, 
physiological, and biochemical perspectives or applied 
pretreatment to enhance heat resistance of cucumber plant 
[18-20]. These studies have suggested that during vegetative 

growth, the activity of antioxidant enzymes and the proline 
content in cucumber leaves are associated with heat 
resistance of cucumber plants [18,21,22]; moreover, stability 
of plant cell membranes in a high-temperature environment 
can be considered an indicator of heat resistance [23-25]. 
The present study placed cucumber cultivars with different 
levels of heat resistance in high-temperature environments 
to investigate the morphometric and physiological indices 
of cucumber seedlings. This study analyzed changes in 
physiological characteristics and antioxidant enzymes to 
establish a seedling screening model for the selection of 
heat-resistant cultivars.

Materials and Methods

Material and High-Temperature Treatment

Wen nong 210, CU-127, and Ks No.3 served as the 
cucumber cultivars used for the experiment in this study. 
Wen nong 210 and CU-127 are primarily grown in summer 
and autumn, whereas Ks No.3 is resistant to downy mildew 
and is suitable for summer and autumn [26].

Cucumber seeds were planted in plug trays (54.5 × 27.5 
cm2; cell size 5.5 × 3.3 cm2) filled with unamended peat (pH 
7.0) as the substrate. Seedlings growing their primary leaves 
were moved to growth chambers in which the temperature 
was set to 28°C, 35°C, 43°C, or 48°C for a 24-hour dark period 
and the relative humidity was 60%–70%. Each of the growth 
chambers received four seedlings per session, and a total of 
four sessions were conducted. Subsequently, the seedlings 
were moved to a nursery chamber to acclimatize for 2 days, 
after which various physiological readings and antioxidation 
properties (i.e., chlorophyll, H2O2, MDA, CAT, APX, and proline 
contents) were recorded. Cell membrane thermostability 
(CMT) analysis was performed in 28°C, 38°C, and 43°C 
environments, and each of these environments contained 
eight seedlings. 

Analytical Methods

After being subjected to treatment at different 
temperatures, the cucumber seedlings were measured for 
their morphometric and physiological indices, physiological 
readings, chlorophyll content [27], H2O2 content [28], and 
MDA content [15]. Antioxidant enzymes were also analyzed 
in this study, with a modified version of the method [29] 
applied to analyze CAT activity. Similarly, a modified version 
of the method proposed by Nakano and Asada (1981) [30] 
was used to measure APX activity. The method proposed by 
Bates, et al. (1973) [31] was used to measure proline content.

CMT analysis [25,32] was performed according to the 
method proposed by Martineau (1979) [32]. Cucumber 
seedlings growing their primary leaves were moved into 
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growth chambers in which the temperature was set to 28°C, 
38°C, or 43°C for a 24-hour dark period; subsequently, leaf 
discs were collected and subjected to treatment at high 
temperatures of 35°C, 40°C, 43°C, 45°C, 47°C, 49°C, 51°C, 
53°C, and 58°C for 15 minutes. Subsequently, the leaf discs 
were used in the measurement of cell membrane relative 
injury (RI) by applying the following formula: RI (%) = {1−
[1−(Ti/Tf)]/ [1−(Ci/Cf)]} × 100.

Statistical Analysis

A completely randomized design was applied for 
the treatments in this study. An analysis of variance was 
conducted using the general linear model procedure 
implemented in SAS software. The mean values of cultivars 
and temperature treatments were compared using the least 
significance difference procedure.

Results

Effects Of High Temperature on Cucumber Plant 
CMT

After the leaf discs of Wen nong 210, CU-127, and Ks 
No.3 were treated in water baths of various temperatures, 
the correlation coefficient (r2) between CMT and treatment 
temperature ranged between 0.80 and 0.86, indicating that 
the degree of heat-based RI inflicted on the cell membrane 
increased with the treatment temperature (Figure 1A). 
The Ks No. 3 cultivar consistently exhibited an RI degree of 
20% or lower when it was treated at temperatures lower 
than 50°C. However, when the treatment temperature was 
increased to 50°C, the RI degree exceeded 50%. Wen nong 
210 and CU-127 treated at 51°C had RI degrees of 40%–60% 
and less than 40%, respectively, indicating that CU-127 had 
high CMT. When the treatment temperature was higher than 
51°C, the RI degree of Ks No. 3 exceeded 80%, whereas that 
of the other two cultivars remained at approximately 80% 
(Figure 1). According to the temperatures that induced RI 
degrees of 50% in the three cultivars, Wen nong 210 (54.1°C) 
exhibited the greatest CMT, followed by CU-127 (53.9°C) and 
Ks No. 3 (52.8°C). Ks No. 3 had the lowest CMT, rendering it 
the most sensitive to heat.

The experimental results revealed that when the 
Wen nong 210 seedlings were subjected to treatment 
temperatures higher than 51°C, seedlings that underwent 
treatment in the dark at 28°C sustained the greatest degrees 
of RI (81%–82%). By contrast, seedlings that were treated 
in the dark at 38°C and 43°C exhibited an RI degree of 
approximately 64%. This suggests that heat acclimatization 
helped reduce heat-based damage to Wen nong 210 (Figure 
1B). When the CU-127 seedlings were subjected to treatment 
temperatures higher than 51°C, the RI degrees were in the 
range of 70%–80%. This suggests that CU-127 had high heat 

resistance (Figure 1C).

Figure 1: Effects of water bath temperature on relative 
injury of leaves in different cucumber varieties. After the 
first leaf grew, the cucumber seedling (A) KS no3. (B) Wen 
nong 210 (C)CU-127 was placed a growth chamber for 
24-hours treatment in continuous darkness at 28°C (⦁), 
35°C (O) and 43°C (▲). 

To obtain the thermo-response curve and relative injury (%).

Effects of High Temperature on Cucumber 
Plant’s Physiological Indices

Because the three cucumber cultivars were determined 
to have different heat resistance levels, this study further 
explored the effects of treatment at various temperatures on 
the physiological indices of the cultivars. Treatment at 28°C 
and 35°C engendered no notable difference in the chlorophyll 
content of the three cultivars. However, as the treatment 
temperature increased, the chlorophyll content of all three 
cultivars decreased significantly. Among the three cultivars, 
Ks No. 3 showed the lowest chlorophyll content, which was 
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observed at 43°C and 45°C (Figure 2B). Regarding H2O2 
content, at 28°C–43°C, Ks No. 3 exhibited higher H2O2 content 
levels than did the other two cultivars. However, at 43°C, the 
three cultivars exhibited no significant difference in H2O2 
content levels, all of which were within 24–26 μmol (Figure 
2A). Regarding MDA content, at 28°C, all three cultivars had 
MDA content levels of 8–13 μmol. However, the MDA content 
of Ks No. 3 increased significantly with processing time and 
peaked at 42.4 nmol at 45°C, approximately twice as high as 
those of the other two cultivars (Figure 2C).

Figure 2: Effect of temperature on physiological indexes 
of different cucumber varieties. After treatment, first 
leave were measured for physiological indexes of H2O2 (A) 
chlorophyll (B) MDA (C). Bars indicate the standard error 
(n = 4). Values with the same letter are not significantly 
different at P < 0.05.

Effects of High Temperature on Cucumber 
Plants’ Antioxidant Enzyme Activity

Regarding physiological indices, both CU-127 and 
Wen nong 210 had high chlorophyll content levels but low 
MDA content levels. This might be associated with their 
antioxidation abilities. Accordingly, this study further 
examined the effects of high-temperature treatment on 
antioxidant enzyme activity. At 43°C, the CAT activity of Ks 
No. 3 was significantly weaker than that of Wen nong 210; 
however, the three cultivars showed little difference in CAT 
activity at other temperatures (Figure 3A). Furthermore, at 
43°C, the APX activity of Ks No. 3 was approximately 0.82 
units, which was significantly lower than that of the other 
cultivars. Additionally, at 45°C, the APX activity of Ks No. 3 
was 1.1 units, which was still significantly lower than that of 
the other cultivars. Notably, at 45°C, the APX activity of Wen 
nong 210 was 3.42 units, which was 3.3 times higher than 
that of Ks No. 3 (Figure 3B).

Figure 3: Effect of temperature on antioxidant enzymes 
activities in different cucumber cultivars. After treatment, 
first leave were measured for antioxidant the enzyme 
activity of CAT (A) and APX－B－. Bars indicate the 
standard error (n = 4). Values with the same letter are not 
significantly different at P < 0.05
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Effects of High Temperature on the 
Morphometric and Physiological Indices of 
Cucumber Plant 

This study probed the effects of high-temperature 
treatment on the three cultivars’ morphometric and 
physiological indices, and the results are presented in Table 
1. As the treatment temperature increased, the height, 
weight, and dry weight of seedlings (representing above-
ground morphometric and physiological indices) decreased. 
However, for Wen nong 210 and CU-127, which exhibited 
greater heat resistance than the other cultivar, the cultivars’ 
height, weight, and dry weight observed at 45°C did not 
differ significantly compared with those observed at 28°C. 
Conversely, for the heat-sensitive Ks No. 3 cultivar, the cultivar 
height, weight, and dry weight decreased significantly 

at 45°C. This study also included the the root length, 
root weight, and root dry weight of plants (representing 
underground morphometric and physiological indices). The 
results revealed that at all treatment temperatures, the root 
length, root weight, and root dry weight of Ks No. 3 were 
higher than those of the other two cultivars. These main 
effect results indicate that temperature exerted a significant 
effect on the above-ground morphometric and physiological 
indices of seedling as well as their underground agronomic 
trait (i.e., root dry weight); moreover, the different cultivars 
differed significantly in above-ground and underground 
morphometric and physiological indices. However, this study 
revealed no significant interplay between temperature and 
species difference. Nevertheless, these results indicate that 
temperature and species difference had a significant effect 
on seedlings’ underground root dry weight (Table 1).

Temperature Variety

Shoot Root
Plant 

height
-cm-

Seedling 
weight

-g-

Dry 
weight

-g-

Root length
-cm-

Root 
weight

-g-

Root dry 
weight

-g-

28℃
KS no.3 7.2 0.69 0.09 18.15 0.660 0.041
CU-127 6.9 0.99 0.14 15.35 0.650 0.045

Wen nong 210 8.1 1.09 0.13 14.70 0.523 0.042

35℃
KS no.3 6.9 0.92 0.11 27.85 0.783 0.049
CU-127 6.3 0.91 0.11 16.63 0.633 0.048

Wen nong 210 7.5 1.18 0.15 15.38 0.665 0.050

43℃
KS no.3 5.9 0.75 0.09 22.40 0.690 0.041
CU-127 5.9 0.75 0.11 17.83 0.668 0.040

Wen nong 210 5.9 0.61 0.09 14.18 0.578 0.034

45℃
KS no.3 5.9 0.56 0.07 19.15 0.728 0.052
CU-127 5.8 0.88 0.11 17.68 0.723 0.034

Wen nong 210 7.2 0.85 0.12 14.33 0.458 0.030
Temperature **z ** ** ns ns **

Variety ** ** ** ** * *
T vs. V nsy ns * ns ns ns

z * and ** significant at P < 0.05 and 0.01, respectively.
y ns not-significant at P < 0.05
Table 1: Responses of different morphometric and physiological indices of different varieties of cucumber seedlings at different 
temperatures.

Effects of High Temperature on Proline Content 
of Cucumber Plants

When plants are subjected to environmental stress, they 
accumulate proline to enhance their resistance against such 
stress. This study thus assessed the effects of high temperature 
on the proline content of cultivars. According to Table 2, 

the proline content levels in the three cucumber cultivars 
increased progressively with the treatment temperature. At 
28°C, the three cultivars showed no significant difference 
in proline content. At 35°C, the proline content of the heat-
sensitive Ks No. 3 cultivar was 0.134 μmol/g, approximately 
1.2 times higher than those of the other two cultivars. At 
43°C, the proline content of Ks No. 3 was 0.172 μmol/g, 
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still approximately 1.2 times higher than those of the other 
two cultivars. These results thus suggest that when Ks No. 
3 encountered high temperature during its early growth 
period, it rapidly increased its proline content to enhance its 

heat resistance. When the treatment temperature was 45°C, 
the proline content levels of the three cultivars showed no 
significant difference, but the levels were all 1.73–1.9 times 
higher than those observed at 28°C (Table 2). 

Variety
Temperature

28°C 35°C 43°C 45°C
KS no. 3 0.095a C 0.134a B 0.172a AB 0.165a A z

CU-127 0.109a C 0.119a C 0.154a B 0.188a A
Wen nong 210 0.097a C 0.112a C 0.149a B 0.185a A

LSD 5% 0.021ns y 0.039ns 0.034ns 0.052ns

z. different capital letter means significant in temperature by F test at P<0.05.
y. ns not-significant at P < 0.05
Table 2: Proline content (μmol/g) in leaf after pre-treatment at 28, 35, 43 and 45℃ in cucumber ‘Ks no.3’, ‘CU-127’ and ‘Wen 
nong 210’.

Evaluation of Temperature Resistance Test 
Parameters in Cucumber Seedlings

This study analyzed the mean values of chlorophyll, H2O2, 
MDA, CAT, APX, and proline content levels of the cucumber 

seedlings to determine the significance of their differences 
at different temperatures. Table 3 reveals that except for 
CAT content, all other parameters exhibited significant 
differences.

Temperature Chlorophyll
-mg/g-

H2O2
-μmol/g-

MDA
-nmol/g-

CAT
Units/mg protein

APX
Units/mg protein

Proline
-μmol/g-

28°C 0.73 10.49 11.96 0.10 0.50 0.10
35°C 0.56 11.54 12.95 0.09 0.98 0.12
43°C 0.61 11.86 20.88 0.10 1.23 0.16
45°C 0.45 23.83 26.05 0.08 2.05 0.18

LSD 5% 0.084** 2.102** 5.98** nsy 0.454** 0.02**

z ** significant at P< 0.01.
y ns, not significant at P< 0.01
Table 3: Analysis of physiology factor levels, antioxidative enzyme activity and proline content of cucumber seedlings under 
different temperatures.

Discussion

When plants encounter high temperature or low 
temperature while growing, their chlorophyll synthesis is 
affected [33-34]. Arun and Baishnab (1998) [35] observed 
that temperature-related stress affects the activity of 
chlorophyll synthase in cucumber and wheat plants, which 
in turn affects chlorophyll content. In the present study, the 
chlorophyll content of all three cucumber cultivars decreased 
as the treatment temperature increased. In particular, Ks No. 
3 had a significantly lower chlorophyll content level but a 
higher MDA content level than did the other two cultivars. 
This suggests that high temperature promoted lipid 
peroxidation, thus reducing the chlorophyll content. Furtana 
and Tipidamaz (2010) [36] applied high concentrations of 
saline to salt-tolerant and salt-sensitive cucumber cultivars, 

and they revealed that the salt-tolerant cultivars exhibited a 
slower degradation of chlorophyll. Furthermore, they noted 
that the MDA content increased by 53% in the salt-tolerant 
cultivars and by 182% in the salt-sensitive cultivars. These 
observations suggest that plants’ cell membrane stability 
affects their resistance to environmental stress. Yeh and Lin 
(2003) [25] adopted CMT as the screening indicator of heat-
resistant African daisy species; they discovered that seedlings 
of the heat-resistant Monte Crysto treated in 45°C–48°C 
water bath for 15 minutes sustained 50% RI at 54.1°C, which 
is considerably superior to those of other species. Moreover, 
the Fv/Fm values of Monte Cristo were superior to those of 
other species. Wen nong 210 used in the present study is 
one of the major cucumber cultivars cultivated in summer 
in Taiwan; this is because it has excellent resistance to 
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high temperatures. The results of CMT analysis reveal that 
Wen nong 210 sustained 50% RI at 54.1°C and that CU-
127 sustained 50% RI at 53.9°C. By contrast, Ks No. 3 was 
sensitive to heat and sustained 50% RI at 52.8°C. These 
observations indicate that cucumber seedlings with high 
CMT are more resistant to high temperatures.

When plants encounter environmental stress, the content 
levels of free radicals such as O2

-, OH-, and H2O2 increase. Free 
radicals are ions in an unstable state, which drives them to 
grab electrons from the cell membrane, thereby affecting the 
membrane structure. This leads to lipid peroxidation, which 
in turn results in cell membrane disintegration [17]. In the 
present study, when the Ks No. 3 cultivar was treated at 
28°C–43°C, its H2O2 content did not differ significantly from 
those of the other two cultivars, although its MDA content 
was significantly higher. This study inferred that the ability 
of antioxidant enzymes in clearing free radicals might have 
played a role in such variation. Accordingly, the activity of CAT 
and PAX was further analyzed. The results indicate that both 
Wen nong 210 and CU-127 had higher APX activity than did 
Ks No. 3, implying that in high-temperature environments, 
the APX activity of Wen nong 210 and CU-127 increased 
to reduce the H2O2 content, increase CMT, and alleviate 
chlorophyll degradation. This consequently increased the 
Wen nong 210 and CU-127 seedlings’ height, fresh weight, 
and dry weight relative to those of the Ks No. 3 seedlings. 
Previous research on cucumber plants under saline stress 
noted that when treated with high concentrations of saline, 
the CAT and APX activity of salt-tolerant cultivars could be 
rapidly increased to remove harmful free radicals, alleviating 
the reduction in dry weight and the degradation of chlorophyll 
[36]. This observation is in agreement with the results of 
the present study, suggesting that when cucumber plants 
encounter environmental stress, their stress resistance 
ability is affected by changes in chlorophyll, H2O2, and MDA 
content levels and APX activity. 

When plants encounter environmental stress, the 
activity of antioxidant enzymes is increased to alleviate the 
damage caused by free radicals; the plants also generate 
osmoregulation substances to maintain cell membrane 
stability [37]. Osmoregulation substances, such as proline, 
are low-molecular-weight, nontoxic, and highly soluble 
compounds that regulate cellular osmosis, alleviate ROS-
induced damage, and maintain cell membrane integrity 
under conditions of environmental stress [37]. Harsh, et al. 
(2016) [38] grew 37 species of cowpea in growth chambers 
for 1 week and then treated the sprouts at a temperature 
of 42°C for 1 hour. They reported that in 30 species, the 
activity of the antioxidant enzymes CAT and SOD increased 
significantly, and the proline content levels increased 
significantly. Similarly, authors have documented that the 
proline content and antioxidant enzyme (CAT, POD, and SOD) 

activity were previously found to have significantly increased 
in sorghum seedlings that had undergone high-temperature 
treatment (41°C) for 6 hours [39]. In the present study, the 
proline content of all three cucumber cultivars increased with 
temperature. In particular, at 35°C and 43°C, the accumulated 
proline content of Ks No. 3 was 1.2 times higher than that 
of the other two cultivars, signifying that the heat-sensitive 
Ks No. 3 rapidly increased its proline accumulation as soon 
as the environmental temperature started to increase. 
Mantovanini, et al. (2019) [40] observed that the proline 
content in the leaves of sugarcane plants in the CTC-2 strain 
increased by 58%; in addition, the biomass of the plants’ 
underground roots was increased to mitigate the poisoning 
of high-concentration aluminum. Authors have showed that 
providing proline supplementation to growing Arabidopsis 
thaliana plants accelerated root growth [41]. The findings of 
the aforementioned studies indicate that increased proline 
content in the above-ground portions of a plant can promote 
the growth of its underground roots. In the present study, 
at 28°C, the Ks No. 3 cultivar did not exhibit a significant 
difference in root length and root fresh weight when 
compared with the other two cucumber cultivars. However, 
at 35°C and 43°C, the proline content of Ks No. 3 was 1.2 times 
higher than that of the other two cultivars. Moreover, at these 
temperatures, Ks No. 3 exhibited significantly greater root 
length and root fresh weight than did the other two cultivars 
(Table 1); temperature and species difference appeared to 
have significantly affected the dry weight of underground 
roots. These observations suggest that proline is rapidly 
accumulated in the above-ground portion of the heat-
sensitive Ks No. 3 cultivar in the event of high temperature, 
which also promotes the growth of its underground portion. 
Nevertheless, because of its weak CMT, Ks No. 3 cannot 
achieve rapid enhancement of antioxidant enzyme activity to 
remove harmful free radicals promptly. Extensive research is 
required to verify this inference.

Conclusion

This study selected three cucumber cultivars with 
varying heat resistance levels as raw materials and used 
their seedlings for heat resistance screening. CMT analysis 
was conducted to test the stability of their cell membrane 
systems when subjected to high temperatures. Numerous 
physiological indices and antioxidant enzyme activity 
levels were subsequently measured. There is a significant 
difference between the test parameters and the processing 
temperature. These results indicate that the optimal timing 
for cucumber plants to receive high-temperature treatment 
is when a seedling grows its primary leaf. Furthermore, the 
content levels of chlorophyll, H2O2, MDA, and proline, as well 
as the activity of the antioxidant enzyme APX, were found to 
be suitable indicators of cucumber plant heat resistance.
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