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Compensatory growth of tomato after high temperature and high humidity stress. YUAN
Chang-hong'*, YANG Zai-qiang'* , ZHAO He-li' (' Collaborative Innovation Center on Forecast
and Fvaluation of Meteorological Disasters, Nanjing University of Information Science & Technolo-

gy, Nanjing 210044, China; *Taizhou Weather Bureau, Taizhou 225300, Jiangsu, China).

Abstract: A three-factor orthogonal experiment of temperature, relative humidity, and duration
was carried out to examine the combined effects of high temperature and high humidity stress on
tomato “Jinguan 5”. There were four levels of temperature: 32 °C/22 °C, 35 °C/25 °C, 38 C/
28 °C, 41 C/31 C (day/night temperature) , three levels of air relative humidity; 50% +5% ,
70%+5% , 90%+5% , and four durations (3, 6, 9, 12 d), with 28 °C/18 °C and 50%—-55%
relative humidity as control (CK). Sampling was carried out at 7, 14, 21 and 28 d after high
temperature and high humidity stress. We measured growth index, antioxidase activity and chloro-
phyll content. The results showed that after high temperature stress, dry weight of tomato
decreased significantly, and leaf area increased significantly when the treatment was at 35, 38
and 41 °C. Dry weight of tomato at 41 °C was 12.89% lower than that of CK. After high tempera-
ture treatment, the contents of chlorophyll a, chlorophyll b and carotenoids were lower than that
of CK, and SOD, POD and CAT activities were higher than that of CK. With the increase of tem-
perature, enzyme activities increased first and then decreased. The activities of SOD, POD and
CAT were the highest at 38 °C , which increased by 121.14%, 35.41% and 55.13%, respective-
ly. Under the same temperature conditions, tomato grew best at the RH70% treatment. SOD,
POD, CAT activity and chlorophyll content at RH70% were significantly higher than that at
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RH50% and RH90%. Appropriate high temperature could promote the growth of tomato and

increase antioxidant enzymes. The growth of tomato was overcompensated when temperature was

below 32 °C, but it was severely suppressed when temperature exceeded 38 °C. Under high tem-

perature , increasing humidity could alleviate the stress of high temperature on plants to some

extent, but such effect was limited and could not compensate the damage of high temperature

stress.

Key words: high humidity and high temperature ; antioxidant enzyme ; chlorophyll content; com-

pensation effect.

& i ( Lycopersicon esculentum Miller ) J& 5 i A1

Wy, 2 B R GEARSAE Z —  Bad A KR
15~25 °C, HIXHZEE Ky 50% ~70% ( E Wi, 2015) .
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Table 1 Orthogonal test design
Ab SRR (%) AFRH(d)

Treatments L C) Air relative Treatment
Temperature L .
humidity time
D1 32 50+5 3
D2 32 50+5 6
D3 32 70+5 9
D4 32 90+5 12
D5 35 50+5 3
D6 35 50+5 6
D7 35 90+5 9
D8 35 70+5 12
D9 38 70+5 3
D10 38 90+5 6
D11 38 50+5 9
D12 38 50+5 12
D13 41 90+5 3
D14 41 70+5 6
D15 41 50+5 9
D16 41 50+5 12

1.2 MEm H 57k
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Table 2 Comparison of biomass of tomato during high temperature and high humidity stress phase and recovery phase

sk by WRIZ T [E] Recovery time
e Treatments 0d 7d 14 d 21 d 28 d
UNEA CK 41.37+1.91 ¢ 78.55+2.32 d 105.62+3.04 ¢ 118.52+3.42 ¢ 130.11+8.26 f
Leaf area ?‘320(: 57.45+2.65 d 106.79+3.16 ab 146.68+4.23 be 186.01+5.36 ¢ 191.23+12.14 de
Ths 74.42+3.43 a 105.83£3.13 b 136.88+3.95 cd 164.26+4.74 d 183.36211.64 e
Ty 61.39:2.83 bed  111.893.31 ab 159.55+4.61 ab 231.97+6.69 a 286.54218.19 a
Ty« 70.98+3.27 ab 109.21+3.23 ab 163.32+4.71 a 202.61=5.84 be 247.66215.72 abe
R, 67.32£3.11 abe  113.37+3.35 ab 159.524.61 ab 200.08:5.79 be 231.79£14.72 bed
RH o, 68.45:3.16 abc  111.743.31 ab 161.84+4.67 a 198.35£5.72 be 218.72£13.89 bede
Ry, 60.34+2.78 cd 95.22+2.82 ¢ 125.56+3.62 d 186.335.37 ¢ 226.66+14.39 bede
it Ak 67.26+3.11 abe  108.07+3.21 ab 143.51x4.14 ¢ 184.51+5.32 ¢ 211.6213.43 bede
ha L, 62.31x2.87 bed  105.72+3.13 b 138.073.98 cd 188.77+5.4 ¢ 203.38+12.91 cde
B AL, 69.62+3.21 abe  116.6623.45 a 164.25:4.74 a 209.77+6.05 b 257.08+16.32 ab
RIS II 63.85:2.94 bed  103.263.05 be 160.61+4.63 a 201.79+5.82 be 236.72+15.03 bed
THE CK 1.94:0.04 a 2.3520.08 ab 2.86:0.05 a 3.86=0.11 ab 4.1520.11 ab
Dry weight Ty 1.91:0.04 ab 2.37+0.08 a 2.9120.05 ab 3.9820.11 a 4.390.12 a
Tas o 1.870.04 ab 2.31+0.08 ab 2.87+0.04 ab 3.780.1 ab 4.02£0.11 be
Ty 1.8120.04 abe 1.82:£0.06 ef 2.22+0.03 of 2.64+0.07 ¢ 3.440.09 of
Ty 1.69+0.03 cd 1.77+0.06 f 2.190.03 f 2.4420.07 e 3.2420.09 f
RHyy,, 1.77£0.04 bed 1.97£0.06 cdef 2.34£0.04 de 2.990.08 d 3.420.09 ef
Ry, 1.86£0.04 ab 2.19+0.07 abe 2.79+0.04 be 3.45+0.09 ¢ 4.15£0.11 ab
RHo, 1.8320.04 ab 2.04+0.07 cde 2.47+0.04 d 3.12+0.09 d 3.78+0.12 cd
hia kb3, 1.87£0.04 ab 2.31x0.08 ab 2.81x0.04 be 3.81x0.1 ab 4.2920.12 ab
Tt ik B, 1.850.04 ab 2.1320.07 bed 2.710.04 ¢ 3.6220.1 be 3.9420.11 bed
B AL, 1.81:£0.04 abe 1.92:£0.06 def 2.39+0.04 d 3.02+0.08 d 3.640.1 de
[ 1.66:0.03 d 1.77£0.06 2.21+0.03 of 2.44+0.07 e 3.26+0.0
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Dry weight compensation index of tomato during high temperature and high humidity stress phase and recovery phase
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Table 3 Comparison of antioxidase activity of tomato during high temperature and high humidity stress phase and recovery

phase
ity pos:l PRIZ T[] Recovery time
Index Treatments 0d 7d 14 d 21d 28 d
SOD CK 89.78+4.14 g 96.36+4.45 f 102.78+4.74 f 129.09+5.21 e 151.09£9.59 e
To 131.4126.06 de 160.45+7.41 cde 174.38+8.05 de 248.86+10.05 ¢ 270.45£17.17 cd
Ty 178.18+8.22 ab 190.86+8.81 b 190.45+8.79 bede  260.45+10.52 be  304.77+19.35 be
T 198.54+9.17 a 213.87+9.87 a 265.87+12.28 a 289.89+11.71 a 367.67+23.35 a
Ty 98.21+4.53 fg 102.76+4.74 { 124.43+5.74 f 145.43+5.87 e 175.67«11.15 e
RH, 136.36£6.29 de 153.63+7.09 def 171.52+7.92 de 208.86+8.44 d 259.09+16.45 cd
RH.,, 168.63+7.78 be 181.91+8.4 be 216.09+9.98 b 256.81+10.37 be  307.27+19.51 he
RHy, 149.43£6.9 cd  163.646427.55 cde 177.27+8.18 de 244.09+9.86 ¢ 275.65+17.5 cd
hia kb3, 118.18+5.45 ef 140.91=6.5 e 166.54+7.69 e 192.27+7.77 d 241.36+15.32 d
B AL B, 164.54+7.59 be 166.36+7.68 cd 186.49+8.61 cde  205.45+8.3 d 256.81+16.31 cd
THB AL, 179.54+8.29 ab 173.91+8.03 bed ~ 198.09+9.14 bed ~ 255.45+10.32 ¢ 286.81+18.21 bed
WA B 186.09+8.59 ab 183.64+8.48 be 207.27+9.57 be 285.45+11.53 ab  335.45+21.3 ab
POD CK 38.781.11 e 42.13+1.94 def 47.32+1.36 f 58.43+1.68 cde 67.43+1.94 cde
Ta 43.43+1.25 od 48.32+2.23 bed 54.21%1.56 de 60.32+1.74 cde 68.43+1.97 cd
Tys 45.32+1.3 be 52.43+2.42 be 59.43+1.71 be 66.54+1.92 ab 72.49+2.09 be
Tis 52.51%1.51 a 65.59+3.02 a 69.62+2.01 a 71.38+2.06 a 79.63+2.29 a
Th e 32.74+0.94 { 38.91+1.79 e 46.38+1.33 f 55.32+1.59 e 61.32+1.77 e
RH., 40.72%1.17 de 47.23+2.18 cd 52.9+1.52 de 58.2+1.68 cde 62.75+1.81 de
RHo,, 48.16£1.39 b 55.84+2.57 b 63.5+1.83 b 69.6+2.09 a 75.75+2.18 ab
RHy, 42.93£1.23 cd 51.32+2.36 be 57.1£1.64 cd 63.4+1.83 be 69.98+2.02 be
Thin AL, 41.72%1.2 cde 47.38+2.18 cd 51.25+1.47 ef 56.87+1.64 de 67.87+1.95 cd
B AL 41.53%1.19 cde 48.75£2.25 bed 53.56+1.54 de 61.56%1.77 bed 69.43+2.04 be
hia kb3, 44.53+1.28 bed 53.24+2.45 be 60.53+1.74 be 66.37+1.91 ab 71.75+2.07 be
WBALH 45.62+1.31 be 56.13+2.59 b 64.52+1.86 b 69.625+2.09 a 72.37+2.08 be
CAT CK 0.78+0.027 e 0.89+0.03 f 0.94+0.025 e 1.06£0.035 e 1.12£0.034 e
Ta 0.87+0.027 cd 1.01£0.03 def 1.1620.036 cd 1.26+0.034 bed 1.34+0.034 cd
Tss 0.92+0.024 be 1.14£0.03 be 1.31£0.033 b 1.35+0.032 b 1.48+0.045 b
Ta 1.21£0.034 a 1.42+0.04 a 1.56+0.043 a 1.69+0.042 a 1.76+0.052 a
Ty ¢ 0.56+0.017 f 0.62+0.02 g 0.68+0.015 f 0.76+0.023 { 0.82+0.024 f
RHy, 0.79+0.028 de 0.95+0.03 ef 1.07+0.032 d 1.21£0.036 cd 1.28+0.035 d
RH.oy, 0.97£0.022 b 1.21+0.04 b 1.32£0.036 b 1.32+0.034 be 1.43+0.045 be
RHy,, 0.87+0.026 cd 1.03£0.03 cde 1.15+0.034 cd 1.26+0.032 bed 1.34+0.033 cd
B AL, 0.86+0.028 cd 0.97+0.03 ef 1.06+0.034 d 1.18+0.034 d 1.28+0.034 d
B AL 0.89+0.026 be 0.9920.03 ef 1.0920.033 cd 1.22+0.032 cd 1.29+0.033 d
hia kb3, 0.89+0.023 be 1.0420.03 cde 1.16£0.036 cd 1.28+0.031 bed 1.350.032 cd
WRBALEE 0.910.022 be 1.11£0.03 bed 1.18+0.032 ¢ 1.2920.035 bed 1.39+0.046 bed
AN AL EE ) SOD MG M 2% & T CK,RH50%  JnEmiass,

Qb FR BTG AR, RH709% 40 PRSP ey, 88 CK 38
Jin 87.82% ; SOD il 17 4 Fifi JBlp 162 BsF [v4] 355 fim 222 185 Jin
POMria 12 d 4L B SOD W NS M b CK 3G
107.27% . 243 i 3 W, ey 1 50 00 1Y) 28 B 5% 1)
W SOD B IGYETT & ,38/18 CEiR &4 F , RH70%
AEFR SOD S P e ik, R A 7~28 d, SOD i
TEPEYSA g, m iR AL B 38 C /18 °C il % M i
5,41 °C/18 C f% ik ; RH50% Ak B B 1% P % 1%,
RH70% A0 RS P 5 e ; SOD it 175 14 B Filp 360 P[] 448

i f5 32 .35.38 °C POD TG 1 . & 55 m, 43
% CK 380 11.99% ,16.86% .35.41% , 1fij 41 °C 4k
L POD Jiff 1 PE 1 & BEAIK, 5 CK FEAR 15.57%;
RH70% 4b P 3% M fie 5y, ¢ CK {2 39 i 24.19%,
RH50% Ak 5 CK %ﬁ%ﬁ%% s POD il 7% 1 it iy
TE A (RIS TN e o AR e IR e N R 28 AR R U, 38/
18 CHR 4T, RH70% POD i iif M fie i, MK 52
A4 7~28 d,POD il 6 P Bl K S BsF (B B T+, =
HEAL B 38 °C POD i 1% Pk B i, 41 °C e AIX;
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RH70%4L38 POD [ 5 1 F
i [ 3 fi0 2 3G g 3
A JE , CAT B A2 165 POD 244U, 32,
35.38 °C CAT Fifg % Pk & 3 84 hn, 43 5 %8¢ CK #4Jm
11.53% 17.94% 55.13% ,41 °C ZbBH CAT BG4
R, B CK PG 28.21% ; RHT0% A0 % M 5 i
A CK RN 24.36% , RH50% f /K 5 CK i
PR 2555 s CAT B M Bl B 6 A () 388 i - . R AR R
1 7~28 d, CAT Jis P BEK & B ) 384 I ot v, s Ui
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Table 4 Comparison of chlorophyll content of tomato during high temperature and high humidity stress phase and recovery

phase
2N Ab B VR 52 i [] Recovery time
Index Treatments 0d 7d 14 d 214d 28 d
Chla CK 1.52£0.015 a 1.71£0.023 a 1.72£0.053 a 1.46£0.033 ab 1.31£0.015 a
Ty 1.25+£0.012 d 1.29+0.022 ef 1.42+0.045 cde 1.31£0.034 ¢ 1.12+0.016 b
Ty 1.3120.016 ¢ 1.53x0.026 ¢ 1.43+0.046 cd 1.3620.035 be 1.27£0.013 a
Tos 1.49+0.013 a 1.61+0.022 be 1.58+0.052 abc 1.42+0.031 ab 1.29+0.015 a
Ty ¢ 1.2120.017 e 1.32+0.026 e 1.46+0.054 bed 1.28+0.028 cd 0.9420.016 d
RHy,, 1.19£0.014 e 1.31£0.026 e 1.33+0.042 de 1.29+0.024 ¢ 0.93+0.017 d
RH., 1.4320.016 b 1.58+0.023 be 1.69+0.055 a 1.4620.035 ab 1.28+0.018 a
RHy,, 1.2620.017 d 1.41£0.027 d 1.38+0.043 de 1.3120.033 ¢ 1.12£0.013 b
kb, 1.43+0.012 b 1.62+0.027 b 1.71£0.056 a 1.51+0.038 a 1.29+0.015 a
B AL, 1.28+0.016 cd 1.54+0.022 be 1.6+0.058 ab 1.38+0.032 be 1.27£0.013 a
Whia kb3, 1.27+0.014 cd 1.41+0.023 d 1.4420.043 bed 1.29+0.025 ¢ 1.07+0.016 ¢
e bR, 1.2620.017 d 1.23+0.022 f 1.26+0.045 e 1.19£0.022 d 0.95+0.012 d
Chlb CK 0.54+0.012 a 0.61+0.014 a 0.59+0.006 a 0.58+0.021 a 0.55+0.015 a
Ty 0.46+0.013 cd 0.56+0.012 bed 0.47£0.021 bede  0.4520.015 cde 0.36+0.011 f
Ty 0.48+0.013 be 0.57+0.013 abc 0.49£0.017 bede  0.4720.016 bed 0.45+0.012 bed
Tag 0.51£0.014 ab 0.59+0.013 ab 0.49+0.023 bed 0.48+0.016 be 0.48+0.013 b
Ty 0.42£0.012 de 0.52+0.012 d 0.41£0.027 de 0.43£0.014 cde 0.47£0.013 be
RH, 0.48+0.013 be 0.53+0.012 cd 0.44£0.021 cde 0.42£0.014 de 0.41£0.011 de
RH, 0.5+0.014 abc 0.57+0.013 abc 0.52+0.007 abc 0.48+0.016 be 0.45£0.012 bed
RHy,, 0.42+0.012 de 0.56+0.012 bed 0.43+0.033 cde 0.46+0.015 bede 0.43+0.012 cd
B AL, 0.53+0.015 a 0.58+0.013 ab 0.54+0.005 ab 0.51x0.017 b 0.47£0.013 be
hia kb s, 0.52+0.015 ab 0.57+0.013 abe 0.48+0.021 bede  0.46+0.015 bede 0.43+0.012 cd
Whia kb3, 0.42£0.012 de 0.52+0.012 d 0.44£0.017 cde 0.44£0.015 cde 0.42£0.012 d
AL, 0.38+0.011 e 0.55+0.012 bed 0.39+0.044 e 0.41£0.014 e 0.38+0.011 ef
AW PR CK 0.32+0.0092 a 0.37+0.0091 a 0.360.012 a 0.37£0.012 a 0.33+0.011 a
Carotenoid Ty 0.29+0.0084 b 0.34=0.0098 b 0.33+0.011 ab 0.35£0.011 ab 0.31x0.013 b
Tas 0.24+0.0069 cd 0.29+0.0083 cd 0.31£0.015 be 0.32£0.017 be 0.24£0.008 ef
Ty 0.21+0.0061 ef 0.27+0.0077 de 0.29+0.016 cd 0.28+0.015 cd 0.22+0.013 ef
Ty 0.19£0.0054 f 0.23+0.0066 f 0.24+0.008 e 0.24+0.008 e 0.21+0.007 g
RH., 0.22+0.0063 de 0.25+0.0072 ef 0.28+0.009 cd 0.26+0.009 cd 0.22+0.007 ef
RH.,, 0.26+0.0075 ¢ 0.31+0.0089 ¢ 0.3120.017 be 0.3420.014 be 0.28+0.009 be
RHy,, 0.23+0.0066 de 0.28+0.0082 d 0.29+0.015 cd 0.28+0.015 cd 0.24£0.008 ef
WA AL, 0.21£0.0061 ef 0.25+0.0072 ef 0.27£0.009 de 0.28+0.009 de 0.25+0.008 de
e kb s, 0.26+0.0075 ¢ 0.31x0.0089 ¢ 0.33+0.011 ab 0.34x0.011 ab 0.27£0.009 cd
e kb, 0.24+0.0069 cd 0.28+0.0081 d 0.29+0.015 cd 0.27+0.015 cd 0.24+0.008 ef

a4,

0.23+0.0066 de

0.27+0.0077 de

0.28+0.009 cd

0.31+0.009 cd

0.21+0.007 g
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Fig.2 Growth analysis of tomato during the recovery phase
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