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HL UK BB AR AR (B’ /Fm”) AE RSB A ZE AT PSIT
SERR AL 27 B F RO (Ppsn) B AL 22 B K (qp) Ko 7
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WA 3 mL JR (& 0.02 M pH=7.8 B8 2% W i
150 mL.130 mM H i & FR 30 mL.750 M & ¥ pg ms
30 mL,100 xM EDTA 30 mL.20 xM ## % 30 mL I3
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FRZE PR 50 mL, A AIAE 28 pL,30% H,O, 19 pL)F
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Fig. 1 Effect of high temperature on maximum photosynthetic rate of cucumber and tomato leaves
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Fig. 2 The effect of high temperature and recovery on chlorophyll fluorescence characteristics of cucumber (A,C,E)and tomato(B,D,F)
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B, AR R EE 38°C 5 40°C R, UK FHM A min 'HI0.28 U« g » min ', MR 38°C 5 40C/5,
SOD.POD B HE(E 2 3 T e BN A A CAT HEWTFREEH. BKFHMM A

BN A CAT BREMEREE A RERTRSE MDA BHEVETE 32°C i Rlsh 2 i 0] SE 4 SE38 5 REAI, 24
THEJEREAR, 34,34, 36 C R AL BE 5 d J5, CAT {E—EfR  IREER T 32°C I JU) b I ) S 5B W T 18 » o v (L 20
e bobEas mmE X IR T 261 U g’ - FELXF BN T 0. 06 pamol/g F1 0. 056 pmol/ g,

*1 = iR B X B I 2 i AN [ Bl i 1 R R i
Table 1 The effect of high temperature on the enzyme activity of cucumber and tomato
hb¥g #IK Fm
Treatment Cucumber Tomato
wE AFE SOD POD CAT MDA SOD POD CAT MDA
/C /d /Uegleh ™l /Ueglemn! /Usglemn? /pmol. g =1 /Uegleh 1 /Ueglemn ! /Ueglemn! /umoleg!
CK 504. 98+0. 02 131. 694-0. 015 1. 264-0. 025 0. 00640. 03 376. 25+0. 035 5. 7440. 025 0.17+0.01 0.01140. 015
32 1 544. 74+0. 03 157. 38+0. 02 1.9340.01 0. 00740. 035 406. 39+0. 025 10. 03+0. 035 0.2140.01 0.014740. 02
3 625. 45+0. 02 173. 47+0. 02 2.4240.015 0. 008=40. 03 445. 92+0. 02 22. 89740. 025 0. 2540. 02 0.013=40. 01
5 666. 35+0. 03 189. 7240. 035 2.5540. 025 0. 00640. 02 480. 23+0. 035 27.5240.02 0. 31+0. 035 0.01240. 015
34 1 574.89+0. 015 165. 49+0. 02 2.1740. 015 0.01140. 03 426. 84+0. 035 27.7440. 015 0. 2540. 02 0.01340. 035
3 596.12+0. 035 179. 4740. 015 2.79740. 01 0.01740. 015 473.56+0. 01 38.95+0. 03 0. 33+0. 025 0.02140. 01
5 635. 09+0. 03 193. 544-0. 035 3.3440.015 0. 02540. 025 525.33+ 41. 6840. 015 0. 38+0. 035 0.02940. 015
36 1 612. 93+0. 015 182. 144-0. 035 3.68+0.01 0.02740. 035 489.1240. 015 37.7140. 025 0.31+0.03 0. 03340. 035
3 708. 67+0. 02 197. 5340. 03 3.754+0.015 0. 03640. 025 534. 8940. 02 44.8240.015 0. 39+0. 015 0.04240. 03
5 726.54+0. 04 206. 74+0. 02 3.8740.015 0. 04240. 02 585. 45+0. 025 51. 6740. 035 0. 45740. 02 0. 046=40. 035
38 1 623.43+0. 04 204. 69+0. 01 4.25+0. 04 0. 0394-0. 04 546. 28+0. 015 42.1440. 035 0. 43+0. 015 0. 04440. 02
3 606. 87+0. 01 190. 854-0. 015 4.36+0.015 0. 047=40. 035 490. 15+0. 04 34.8640. 035 0.41+0. 04 0. 05440. 04
5 572.38+0.02 186. 09+0. 01 3.69740. 01 0. 052740. 025 436. 47+0. 035 26. 6440. 025 0. 37+0. 025 0.062740. 03
40 1 511. 5740. 04 151. 7840. 015 3.91+0. 04 0. 050+0. 015 519. 6140. 025 34.7240.015 0. 39+0. 04 0. 05840. 015
3 474. 63+0. 025 138. 364-0. 035 3.34+0.03 0. 056+0. 025 468.53+0. 01 25. 884+0. 035 0. 33+0. 025 0.06340. 01
5 458. 97+0. 01 127. 40+0. 03 3.1740. 04 0. 06640. 03 414. 87+0. 04 17.09+0. 015 0.31+0. 015 0. 06740. 015
2.4 iR E FEHARTR R E A, HTL 9 &5 iR 38 48 550 Py e F1 P e 5351 3R

v i A I, BN B ROt B R A PSIL ¥ il IR B X R R D 38 R B9 B ROk & 3 AR (pmol
TESBA EROR Fy/Fm FTRERE, B T EMFMWMARE =~ m? < s, Fv/Fm fI(Fv/Fm) " 705 8 i 8 0 E K&
o Xk BN B A AR A PR R R R R L, B R e IR TR PSR 30R
TR HIH R Ik AR D, R 5 T8 9 P e Pe uan ~ (Fv/Fm)” \Fv/Fm {H

_Pen  (Fu/Fm)’ RALKXD, HEB/B HTIE (R 2) . X FEAHM
HTI= X X10 ),
P, . Fo/Fm
x2 HINFAEMRN S RNMBIEHNITE
Table 2 The index calculation of high temperature stress about cucumber and tomato
Ab¥a K i
Treatment Cucumber Tomato
WA A P’ max/ (Fv/Fm)’/ P’ g max/ (Fv/Fm)’/
e Pg max Fv/Fm P (Fo/ P HTI Pg max Fv/Fm b (Fo/Fm) HTI
32 12 17. 26 0.79 0. 90 0. 96 8.67 16. 88 0. 81 0.78 0.93 7.26
24 14. 63 0.78 0.76 0. 95 7.26 14. 27 0.75 0. 66 0.79 5.19
48 11. 48 0.73 0. 60 0. 89 5.33 10. 98 0. 69 0.51 0. 60 3.07
72 9.76 0. 66 0.51 0. 80 4.10 8.67 0.62 0. 40 0. 48 1.91
34 12 14. 41 0.78 0.75 0. 95 7.15 10. 42 0.73 0. 48 0.57 2.77
24 12. 28 0.74 0. 64 0. 90 5.78 8.56 0. 69 0. 40 0.47 1. 87
48 10. 13 0. 66 0.53 0. 80 4. 25 6.49 0.62 0. 30 0. 36 1.07
72 8.78 0.58 0.46 0.71 3.24 5.33 0.55 0.25 0. 29 0.72
36 12 9.57 0.71 0. 50 0. 87 4,32 6. 66 0. 69 0.31 0.37 1.13
24 7.65 0. 66 0. 40 0. 80 3.21 5.24 0.63 0.24 0.29 0.70
48 4.92 0.58 0. 26 0.71 1.81 3.77 0.54 0.17 0.21 0. 36
72 2.67 0.51 0.14 0.62 0. 87 2.13 0. 47 0.10 0.12 0.12
38 12 2. 60 0. 68 0. 145 0. 83 1.12 2.26 0. 63 0. 10 0.12 0.13
24 1.42 0. 61 0.07 0.74 0.55 1.17 0. 565 0. 05 0. 06 0.03
36 0.54 0. 54 0.03 0. 66 0.19 —0. 06 0. 47 0. 003 0. 00 -
72 —0. 36 0.47 —0. 02 0.57 - —0. 82 0.42 —0. 04 —0.05 —
40 12 0.67 0.59 0.03 0.72 0.25 0.74 0.56 0.03 0.04 0.01
24 0.18 0.52 0.01 0. 63 0.06 —0.48 0. 50 —0.02 —0.03 -
36 —0.98 0. 47 —0. 05 0.57 — —1.35 0.41 —0.06 —0.07 —
72 —1.23 0.41 —0. 06 0. 50 - —2.03 0. 36 —0.09 —0.11 -
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Ay iR BERE (140 , B HTL 78 7~103% 32°C & it
48~72 h.34°C B IRIREE 24~48 h X 36°CiaiRFsE 12 h
LRI 43 P EE e (T1 ) , B HTI 78 4~7;34°C iR
sk 72 h.36° Cpiadsse 24~72 h K 38 CEiaisse 24 h
SHE A (T 20, HTI 78 0.5~4. 05 38°C i i 4 4
48 hP) | \40°C & iR g 4% B BE 38 (IV 40, HTI #£ 0.5
LT o AT K P e B SAEL R I 00 25 R0 53 D0 T i
EAV .,

A IR TR SO & AR SO SR
TEERSZ T, W] LUK 32°C R FRSE 24 h IR 43 R
BEMRA (2%, B HTI 78 5~10; 4% 32°C & iR kst 48~
72 h.34°CREFFEE 48 h LI . 36°CrRi$ese 12 h R4
S e BE A (I 40, B HTT 76 1~5;34°C 5 iR 47 4E 72 h,
36°C Rl RFEE 24~72 h.38CRIRFFEE 12 h R E B E
(I 4%) ,HTI 7£ 0. 1~1. 0; 38°C & i #4k 24 h KU |
L0°CRIR AN EE A AV 20, HTIZE 0. 1 LI'F,

3 Zig5itie

W SCFI FH N AR X B IR 26 A 647 0 Yk (32~
40°CHFEHIRE: , RGEM E T AR AR - H | K HE
YE R B3 5 R 563 I S8 AL BEE M, TR R R
BN BN IR RO B 3 AR R B o 38 72 B2 R 3 Ff
] Ry I R . 24 38°C iR iR FREE 72 h 3 40°C R F
4L 48 h J5 , BN P, A HAME, 2 38°CRiifrsE 48 h 5L
40CTRIRFFEE 24 h J5 , A Pon ARME. ZPFRLE
5 Jorge ZFPY AT IR EAFDS WAL — B TR SN
EHCAE AR BAER B 25~35°C, RE/NTF 25°C
B, A B AR BV B TR AR bR, T 30°COb AR R
FEJERE BT B T B, 1 Berry™ A R 6 &4 FIBA
SRR A R TR AR AR Y o R 2 — , 7E R TR B RE R
BT, 6 R GETE I .

Wit v Uk Ml 3 R A 1 m R 3 B[R] B SE K, B
JRFE A PSILEEFE 6L 2E30R Fv/Fm Jbb2AB K oP
BRI TREEE, N 2 EFA & oN AU HE Yt
F B FARE A N 5 33X AL A2 A A0 A X R YR 36 1 — 3
B K3 22 1) B B L) IIGHE B0 T8 2RI, AT ER 37 0
RGEAZHIR ., SRMAEEFEMHE T YR 8 &R
P B A RB A BRI R S, I 7E 38°CHI 40°C
B4 dERENEBELFAFH 08U L, HE
Fv/Fmfll P J38RFZ 0.4 IR, HIRE 5 d IEH R EL
PSR RE R . K 1 ST AR & B, T K I TE
30°CHN 35°CERI W iR AL B 414 F , it e B
BE TR, FREREE Gs fl Ci A [F 2 BE 193 hn & LS

B R, 2R RN U 7R 5K st ) A ) T 785 3R Ak P
A, F R A Pn T FERTBERIEALIN R R EIEA

LR BEIL#) 38°C LA b AT, B UK, F Al 9 SOD,POD
s b & B 318 1R BE A T v 0 4R 2 IsF [ A 398 o T R AR
CAT MDA [ Fify-38 15 BE B T+ 85 F RS2 it [a] B 34 hn i
FHE L, 25 38°C LA AT AR A B O, X 5 I e 450
TSEAHTF G A o 1o VR B 38 1 B NS i 1A Py MDA &
B B30, POD 75 M3 58 , CAT 1% MK, R it SOD
B . SOD.POD W] 1 hy 41 41 Ak i) — Fh A= 7
85, CAT B IS MER /NSRBI E U RIiTA &
FEYIRFR MDA & 8%/ R T 40 i B AR i 3 &
AR BE L Bk 386 5% I P 5 553 » D) 82 S ke ) 400 L 46 4% 1)
FEEEPS B G SR Ud B D R e ek 5 T e i o 5
%. Zhao HP YRR EE MR EMHEY TN
—ANEBERE, HIRME/NEM B MDA & &3 N, SPAD
B3/, SOD F1 CAT & PR o

55 mIRAL BT i R R A AR S B
TEPERIRZ IR, W] LUK 32°C R 4L 24 h IR 40 Rz
BE e (1 40 , Bl HTI 7£ 5~10;°% 32°C & Fr4e 48~
72 h.34°C B iRErEE 48 h LA .36°C i a4t 12 h R4
Sy A EE RsE (I1 2% , B HTT 78 1~5;34°C B iR HrEE 72 h.
36°CHIRIFLL 24~72 h JEE WA (I 4%, HTI 7
0.1~1.0;38C iR #FEE 24 h &V F 40°CHiR Ak E
BERE (IV 20 , HTT7E 0. 1 PLF &K P, v HHE .

ZRGT LA B I 5 Fp B O 357 1 T i i A A b
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Effect of High Temperature on the Photosynthetic Characteristics and Antioxidant
Enzyme Activities of Cucumber and Tomato in Greenhouse

ZHU Jing"? , YANG Zai-giang"* ,LI Yong-xiu*"? ,GU Li-1i"? ,ZHANG Bo'*
(1. Jiangsu Key Laboratory of Agricultural Meteorology,Nanjing University of Information Science and Technology , Nanjing,Jiangsu 210044
2. College of Applied Meteorology,Nanjing University of Information Science and Technology ,Nanjing,Jiangsu 210044)

Abstract: The cucumber ‘Jinyou 35’ and the tomato ‘Jinfen No. 2” were used as materials, the environmental control test
was conducted in artificial climate chamber, Nanjing university of information science and technology from January to
June,2011. The effects of high temperature 32~ 40°C with different time on leaf photosynthetic characteristics and
antioxidant enzyme activity of cucumber, tomato were systematically studied, the results showed that the heat stress
treatment significantly inhibited the photosynthetic rate of cucumber and tomato, with the processing time longer,
photosynthetic rate decreased faster, when 38°C or 40°C sustained some hours, the maximum photosynthetic rate of
cucumber and tomato was negative; with the levels of heat stress increasing and stress time lengthening, the PSII
potential photochemical efficiency (Fv/Fm)of cucumber, tomato, photochemical quenching (qP) showed a downward
trend, plants treated by 40°C, after recovering 5 days, Fv/Fm and P values of cucumber and tomato were still in
decline; when the temperature reached above 38°C ,the SOD,POD,CAT ,MDA of tomato and cucumber was in contrast to
the case of the temperature under 38°C. According to the effects of high temperature on photosynthetic parameters of
cucumber and tomato leaf, dividing heat stress into four grades: mild stress, moderate stress,severe stress, extremely
severe stress,and ascertaining meteorological index.

Key words: high temperature; tomato;cucumber ; photosynthetic characteristics; antioxidant enzyme activity
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