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Exogenous Ca’" enhances the heat tolerance of cucumber seedlings by im-

proving their antioxidant and osmotic regulation capability

ZHENG Dongwen, LI Xuan, HU Xinrui, XI Shibo, XIAO Huaijuan, WANG Jiging, WANG Hu

(College of Horticulture, Henan Agricultural University, Zhengzhou 450046, Henan, China)

Abstract: To explore the mechanism of exogenous Ca™ in regulating the heat tolerance of cucumber seedlings, the cucum-
ber variety Jinyou 35 was used as the experimental subject. Five levels of exogenous Ca’ treatments were set, namely
5 mmol-L'(T1), 10 mmol-L"(T2), 20 mmol-L"'(T3), 30 mmol-L"'(T4), and 40 mmol-L"'(T5), with distilled water as
the control (CK). The aim was to screen the appropriate Ca’* concentration for alleviating the high-temperature stress on
cucumber seedlings and to explore the physiological mechanism of Ca’" in mitigating high-temperature stress. The results
showed that the T2 treatment could effectively reduce cell damage in cucumber leaves, significantly increase the enzyme
activity of POD and APX in cucumber seedlings under high-temperature stress, by 34.33% and 22.71%, respectively, com-
pared to CK. The content of soluble protein and proline were significantly increased by 22.65% and 20.04%, respectively,
compared to CK, enhancing the antioxidant and osmotic adjustment capabilities of cucumber seedlings. Additionally, the
T2 treatment significantly alleviated the inhibitory effects of high-temperature stress on the maximum photochemical effi-
ciency F\/F, and root activity of cucumber seedlings, increasing them by 21.57% and 30.77%, respectively, compared to
CK, thereby maintaining the normal metabolic activity of the aboveground and underground parts of cucumber seedlings
under high-temperature stress. In conclusion, 10 mmol - L' CaCl, solution is the appropriate concentration for enhancing
the heat tolerance of cucumber seedlings and can be applied in cucumber production under high-temperature conditions.

Key words: Cucumber; Heat tolerance; Ca®’; Reactive oxygen species; Osmotic regulation substances
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X B&HF 5T

13.5 mRAALFHEFRARRZEHME  HH Flu-
orCam7 K MG R 48 (5 RHE, A B Il 2 /% KOt
WA FF s R =R B M (TTC) %46
MR R &7
1.4 HIEAIE

X H Microsoft Excel 2021 X £ 4 3t 47 Ge 1+ Fn
YEE, % DPS 9.01(Duncan 3 5 #7519 % Hi 4 3k
1T 75 R E 7 BT (P<0.05) .

2 R0
2.1 MR CaERME TR EENTESE
FIMDA & ErI% M

SXof M it AN [ R B AR Ca® FR 38 4 T H4EA T i
Ab PR DR I A () Ak B TS 4 R (%) TR RN 44
B TR 0, o 25 AR BRI e AR F S R AT
R, R 1 AT RLE H L AR Ca® i 5 1) 75 b 2R
I B AR L SR AR HE CK 2 & B3 PR, H
T2 A H AN B 5 3R B A s T B Ca ¥k 5 (13
I, AR S 2R R B ST TR .

X & A EE R B RGN A MDA & & i T
D, R 1 AT, ANE Ca PR T I iR AL B
JE ) MDA & 5. BE%E Ca AbFEUK T, & i i
BT MDA & & 28BS T m R
T2 F1 T3 & B CK 75 ) & % B K 18.53% F
14.48%. ZiE KA, T2 A1 T3 A3 vE iR e T
JiH MDA FH 8 IR RO B 25

1 TELEMSEMETRLAMEERZGE
LEP S et A=A
Table 1 Effects of different treatments on membrane

system injury-related indicators of cucumber leaves under
high temperature stress

Ca” ¥ JZ Tt /51, SOD ¥& P 2 5 Tt J P 1 AR AL e 35,
T2 A BRRE M S (H S LB 2 RIYA R E . A
R BE AR Ca Rh BRI 58 T POD & 14, A T2 4t
R CK I3 % $25 34.33%, HAhab#E 5 CK Z 7 A
B3 ANFAWRESNE Ca* b BEIE 38 T CAT 3hitE,
o T2 AR B, (RS LB S CK A B 22 78
ANEFE . RNFAWREINE Ca AbFEIE 3 T APX 151,
B TS 43 5 CK % F AR E I, HARALHE (T1~T4)
5 CK 40 AR 875 7 12.03%.22.71%+16.96% 1
10.68%

&2 AREAENSE TR ERELEEMERFm
Table 2 Effects of different treatments on antioxidant
enzyme activity of cucumber seedlings under high
temperature stress

4bEE - SOD & P POD 754 CAT V&1 APX itk
Treat- SOD activity/ POD activity/ ~ CAT activity/ APX activity/
ment (U-g'-h") (U-g"min")  (U-g"min") (U-g" -min")
CK  129.8844.90a 124.98+543b 30.04£3.54a 11.14+045¢
Tl 133.07+7.03 a 146.02+£16.89 ab 33.08+3.84 a 12.484+0.50 b
T2  142.04+15.33 a 167.89428.38 a 36.97+5.87a 13.67+0.55a
T3 139.99+18.44 a 142.90+18.57 ab 32.16+3.77 a 13.03+0.89 ab
T4  133.09417.01 a 147.81422.04 ab 34.15+5.28 a 12.33+0.14 b
T5  129.06%12.29 a 149.85+26.61 ab 34.78+4.59 a 12.06+0.71 be

AbFE ERUEERS S bOA

Treatment Relative electric conductivity/% MDA content/(nmol-g")
CK 42.10+£3.73 a 10.36+0.57 a

Tl 32.69+1.91b 9.25+1.09 ab

T2 25.33+0.72d 8.44+0.29 b

T3 27.17+0.80 cd 8.86+0.33 b

T4 29.85+2.27 be 9.62+0.39 ab

TS 33.86+2.18 b 10.13£1.00 a

23 HNECaXEIERME TEINASEHZE ALY
FREErFN

BE— M AR Ca %) mria W ia 3 R4 s
FEWR YRS R IR, R 3 ATA TR R A
T, F RS A H A A R O B A T CK, H
o T1~T4 b FE AT CK R B %R, H T2 4
HEEEED S ERm, LCK &R
22.65%. AN Ca™ &b P J5 2 &) v - o ml i

x3 TRLEWNSETRNGESE
WHYREENZI
Table 3 Effects of different treatments on the content of
osmotic regulation substances of cucumber seedlings
under high temperature stress

s RS F)/ING - BER R Ab ) 22 7 35 (P<<0.05) . Rl
Note: Different small ietters in the same column indicate signifi-

cant difference between different treatments(P<0.05). The same below.
22 ShECam X EEMIB TR/ E A LEE
k=02

Xof % Ak B 3 I 4 e A e i 38 S R B R AL
TEPEREATRLIN, 2 2 WA, SR ACER R, BEE AR

A wCATEESR D wCATEHERD w2
st . .
Soluble protein Soluble sugar Proline content/
Treatment n N a
content/(mg-g')  content/(mg-g')  (ug-g"')
CK 23.62+0.52d 49.43+£2.16 a 126.47+5.85 ¢
Tl 26.45+0.36 be 50.37+2.64 a 138.32+2.87 b
T2 28.97+1.22a 53.97+£3.44 a 151.81+£3.22 a
T3 26.92+0.37 b 53.01+4.16 a 147.49+3.74 a
T4 25.43+£1.23 ¢ 51.23£2.21a 136.20+6.30 b
T5 24.15+0.33 d 49.54+1.39a 129.32+5.98 ¢
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Note: Different small letters indicate significant difference(P<0.05). The same below.

1 SN Ca*dEEME TERYEBERSFRERRWMTELESEBIHFMN
Fig. 1 Effects of exogenous Ca’ on the production rate of O, * (A)and the content of H,O; (B) of cucumber seedlings

under high temperature stress
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Fig. 2 Effects of different treatments on the maximum photochemical efficiency (A) and root activity(B) of cucumber

seedlings under high-temperature stress

.98.



552 1

RS, 55+ AN Ca® TR B T A HNIIE 28 19 R 0 1 3 5 &) P i A

X ISR 5T

3 WwhH4iw

FEGEAE T, i R A A KA S,
A BRAR U Z RG], LA BRI R MR
0], A E R T, AR KE™. Sk
T SR Pl A A5 A7 A AR R 3 R S T T EE R A
R 40 R P K A 1 1 7 A 3 S A i o R R
G SR A AN G B A B IR, S 0T 40 B R A
JiR )& R SRR E A= 9 MDA BFR R, it
Ab TSR E B VE 2 LR DI RE S T P R
WAER o TEIEH 4N RS B R IS RIS B
REKIGERAW = A SR R A2 E R
RGN AEYThRE Y T55, YR N AR R
gt , 45 B A A W B g (SODD i & Ak W Tl
(POD) . it S AL A B (CAT) M HL IR 1ML 2 3 S8 AL W i
(APXD %5, BEUE IS BR A B 9 R TG RS B 5,
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