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Abstract: A ctive oxygen production rate, antioxidant enzyme activity and malondialdehyde (MDA) con-
tent were detemined for testing the effectsof suboptimal tenperature (18 /10 , day/night) , weak light
(80Mmol- m?- s') and salt (7Ommol- L *NaCl) stresson the characteristicsof active oxygen metabo-
lisn in pepper leaf cells Significant or extramely significant interaction of suboptimal temperature, weak light,
and salt stresson the superoxide disnutase (SOD), catalae (CAT), glutathione reductase (GR) activity
were observed during the experiment Al®, at the early stage, there were significant or extranely significant
interaction on the activitiesof ascorbate peroxidase (APX) , glutathione peroxidase (GPX) and the contentsof
0, , H,0,, smilarly, on the content of MDA in late stage Themain effectsof salt stresson the APX, CAT
activity were higher than that of suboptimal tamperature, weak light The main effects of suboptimal tempera-
ture were greater o other indexes
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, (Hallwell & Gutteridge, 1989; Scandalios 1993;
Foyer et al , 1997)
, (W alker & Mckersie, 1993; Hodges

etal , 1997) (S0D) (APX)
(CAT) (GPX) (&R) (A9N)
(GH) , , )
(
, 1994) ( , 2003) ( , 2007) ( ,
2004) ,
1
1.1
(Capsicum annuum L. ) ‘ 4 , 2008)
2007
(8 an x8 am) , ( , 2005)
1.2
18 /10 (/1 ), 80U mol- m™ 2. st 1/2
Hoagland (EC 1.71 mS (m'l) NaCl 70 mmol- L * (EC
7.50mS an’'), 1.5an 120 mL, 1/2 Hoagland
120 mL ( NaCl) 5
( 1
8 h/16 h, 70% 80% , 3 , 15
, 15d
1
Tablel Suboptmal temperature weak light and salt stress canbinations
/ / /@mol- m 2. s1) /(mmol- L™1)
Treament Day/night temperature L ight density Salt concentration
Control 25/18 300 0
Suboptimal temperature(ST)  18/10 300 0
Weak light(WL) 25/18 80 0
Salt stress(NaCl) 25/18 300 70
ST +WL 18/10 80 0
ST +NeCl 18/10 300 70
WL +NeaCl 25/18 80 70

ST +WL +NaCl  18/10 80 70
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1.3
de A zevedo (2006) ( 2
) 0.4¢g , 0.2g 0.08 g 5mL ,
, 4 , 16 000 xg 20 min,
D D (Gianngpolitis & Ries, 1977); APX
Nakano A sada (1981) : Beers Sizer (1952) CAT . GPX GR
Urbanek  (1991) Foyer Halliwell (1976)
AS Duncan’s
2
2.1 H,0, O,
H2 OZ )
( 2
HZOZ ’
15d 131.43% 120.00% 40. 00% , H, O,
) ; 9d
0; H,O,
2 H,0, O3
Table2 Changesof H,0, and O; content in pepper leaves under suboptimal
tenperature, weak light and slt stress
H,0, /@ mol- g *AwW) 0, /(mmol- min"!. g ')
Treament H,0, content 0, production rate
1d 5d 9d 15d 1d 5d 9d 15d
Control 0.39 f 0.36 g 0.38 ¢ 0.35¢g 17.06 d 16.41 f 17.37 g 16.53 g
Suboptimal tenperature(ST) 0.57 ¢ 0.59 d 0.63 d 0.62 d 24.07 b 27.39 ¢ 26.99 d 24.97 d
Weak light(WL) 0.49 e 0.49 f 0.48 f 0.49 f 18.62cd 19.11e 22.31 f 21.53 f
Salt stress(NaCl) 0.50 e 0.54 e 0.58 e 0.57 e 17.33d 18.01 ef 24.41 e 22.90 ef
ST +WL 0.57 ¢ 0.67 ¢ 0.70 ¢ 0.67 c 20.25 ¢ 26.28 ¢ 28.36 cd 27.01c
ST +NeCl 0.74 a 0.79 a 0.83 a 0.8l a 29.52 a 31.82 a 36.41 a 35.85a
WL +NaCl 0.62 b 0.68 c 0.72¢c 0.65c 22.58 b 24.19d 29.39 ¢ 24.81 de
ST+WL +NaCl  0.64 b 0.72 b 0.78 b 0.77 b 30.49 a 29.68 b 32.79 b 31.35b
1 5 9 15d (P <0.05)
Note: 1, 5, 9, 15 d denote days after treament The different snall letters in the same column indicate the different significance at P <0. 05
level
2.2
3 y ) $D ’
D , , 15 d SOD
40.25% 12.71% 13.56% , D
APX APX ( 4)
CAT APX ( 4
1d GPX : ( 5
GR GPX ( 5)



1606 36

3 OD

Table3 Regulation of suboptimal tenperature, weak light and slt stresson SOD activity in pepper leaves

D /(U- min"t g 'AW) SOD activity

Treament
1d 5d 9d 15d
Control 23.1c 23.8d 23.9e 23.6 e
Suboptimal temperature(ST) 25.9 a 27.5ab 26. 6 bcd 30.7 bc
Wesak light(WL) 23.4 bc 23.7d 25.4d 26.6d
Salt stress(NaCl) 24.0b 27.7 ab 27.4 &b 31.7b
ST +WL 23.3 bc 25.4 ¢ 25.7 cd 29.8 ¢
ST +NeCl 24.1b 28.8 a 28.6 a 33.1a
WL +NaCl 23.5 bc 23.9d 23.9e 26.8d
ST+WL +N&Cl  25.9 a 27.2 b 26.9 bc 31.3b
1 5 9 15d (P<0.05)

Note: 1, 5, 9, 15 d denote days after treatnent The different snall letters in the same column indicate the different significance at P <0. 05
level

4 APX CAT
Table4 Regulation of suboptimal temperature, weak light and slt stresson APX, CAT activity hn pepper leaves

APX /(U- min"t g lAw) CAT /(U- min"t g tAw)
Treatment APX activity CAT activity
1d 5d 9d 15d 1d 5d 9d 15d
Control 89. 82d 102.3 ¢ 100.3 d 110.9d 147.2 bc  155.5b 166.8 b 154.1¢c
Suboptimal temperature(ST) 138.3 a 147.6 a 146.2 a 158.1 a 106.6 e 90.8 d 82.7d 78.0 e
Wesak light(WL) 98.9d 108.9 ¢ 108.2 cd 112.8cd 130.4cd 140.1bc 151.3bc 144.2c
Salt stress(NaCl) 100.2 cd 126.5 b 119.2bc  129.7 bc 120.4de 128.1c 133.3 ¢ 125.2d
ST +WL 117.2 bc 130.1ab 138.2a 152.7 a 112.4 de 95.9d 90.1d 89.8 e
ST +NeCl 64.5 e 46.5d 40.5 e 43.7 e 157.3a 185.4 a 197.9 a 224.9 a
WL +NaCl 124.9 ab 139.9ab 133.3a 143.8a 147.0bc 144.2bc 136.8 c 141.4 cd
ST+WL +NaCl 43.1f 53.6 d 55.8 e 52.1e 166.6 a 191.9 a 191.5 a 200.9 b
1 5 9 15d (P <0.05)

Note: 1, 5, 9, 15 d denote days after treatnent The different snall letters in the same column indicate the different significance at P <0. 05
level

5 GPX GR
Table5 Regulation of suboptimal tenperature, weak light and slt stresson GPX, GR activity in pepper leaves

GPX /(U- min"t g lAw) R /(U- min"t g tAw)
Treamment GPX activity GR activity
1d 5d 9d 15d 1d 5d 9d 15d
Control 3.5 bc 3.8¢c 3.9d 4.4d 40.5 bc 44.5 cde  46.9d 52.6 f
Suboptimal tamperature(ST) 4.6 a 4.9 ab 5.4 bc 6.2 b 49.6 ab 52.8 bc 60. 2 bc 77.6 bc
Weak light(WL) 3.6 bc 3.9c 4.2d 4.6d 37.9¢ 39.5e 51.1 cd 55.9 ef
Salt stress(NaCl) 3.9a 4.2 bc 4.6 cd 5.7 bc 41.7 be 49.1cd 52.6 cd 59.1 ef
ST +WL 3.1 bc 5.1ab 5.8b 5.9 bc 41.5 bc 61.6 ab 68.4 b 72.1 cd
ST +NaCl 2.9 be 5.3a 6.7 a 7.1a 44.1 be 62.5 a 84.2 a 92.5a
WL +NaCl 2.8¢ 3.9c 4.3d 4.7d 38B.1c 43.4 de 57.4c 64.1 de
ST+WL +NaCl 2.8 ¢ 3.9c 4.9 cd 5.3 cd 57.1a 58.7 ab 67.6 b 83.7b
1 5 9 15d (P <0.05)

Note: 1, 5, 9, 15 d denote days after treatnent The different snall letters in the same column indicate the different significance at P <0. 05
level
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2.3 MDA
, MDA , ( 6
MDA , )
15d 65.69% 53.95% 16.19% , MDA
6 MDA

Table6 Effectsof suboptimal temperature, weak light and slt stresson MDA content in pepper leaves

/(mmol- g~ *ANV) MDA content

Treatment 1d 5d 9d 15d

Control 9.05¢c 9.49d 9.79 e 9.88 f
Suboptimal tamperature(ST) 9.75 bc 10.63 ¢ 12.26 ¢ 13.03 cd

Wesak light(WL) 9.34 c 10.01 cd 11.17 d 11.48 e
Salt stress(NaCl) 9.83 bc 10.83 ¢ 11.84 cd 12.33 de

ST +WL 10.54 b 12.53 b 13.48 b 13.87 ¢

ST +NeaCl 11.99 a 14.49 a 15.98 a 16.37 a
WL +Na&Cl 10.69 b 12.09 b 12.89 bc 13.41 cd

ST+WL +NaCl 12.35 a 13.86 a 15.04 a 15.21 b

1 5 9 15d (P<0.05)

Note: 1, 5, 9, 15 d denote days after treament The different snall letters in the same column indicate the different significance at P <0. 05
level

2.4 H,0, O, MDA
( 7, ( 1 15d), D CAT
7 F

Table7 F valuesand camparative differences of among suboptimal tenperature,

weak light and slt stress

/d
Days after Main effectof ~ SOD APX CAT GPX GR 05 H,0, MDA
treament interaction
1 ST 140.64° " 85.31"° 0.57" 18.87" " 374.81° " 263.40° " 296.29"° 80.79"°
WL 5.07" 2.48 16.98" ° 0.28 0.12 4.96" 1.17 26.92" "
NeCl 18.93" " 411.33" " 208.94" " 12.95" " 26.15" " 126.54"" 257.43" " 66.63" "
ST xWL xNaCl 142.34" " 8.27" 40.23" " 16.36" " 115.52" ° 0.38 97.79" " 2.48
5 ST 310.46" " 249.92" " 0.37 440.96" " 656.27" " 463.39" "7 1071.18" " 194.24"°
WL 188.53" " 2.34 3.68 136.02° " 6.44" 10.48° " 142.74"° 51927 °
NaCl 158.53" " 374.82" " 670.69" " 32.28" " 44.44" " 69.39" " 816.74" " 113.71"°
ST XWL xNaCl  56.57" " 7.92° 217177 3.91 26.48" " 6.74" 52.09" " 25.27"°
9 ST 276.61° " 137.00° " 18.19°" 1551.36° " 1171.98° " 282.40"" 1008.07" " 236.56" "
WL 120.41° "  18.38"° 3.29 85.57" " 0.05 17.24" " 82.86" " 14.13"°
NaCl 83.86" " 441.10° " 764.51° " 51.44" " 275.56°°  229.07" " 865.11° " 158.96" °
ST xWL xNaCl 109.39" 6.28" 28.76" " 169.90" ° 145.95" " 7.46" 49.72" " 6.66"
15 ST 900.51° " 270.90" " 24.20"° 689.88" " 1823.86" " 347.69° " 1005.84" " 274.06" "
WL 70.20° " 11.78"° 1.03 271.51" " 7.28" 6.16" 82.01" " 1172
NaCl 504.68° " 903.09" "1488.69" " 89.25" " 349.16° °  192.73" " 697.70" " 174.44"°
ST xWL xNeCl 166.92" * 0.07 11.41°° 2.68 5.01° 3.66 2.39 4.68"
* (P<0.05); * * (P <0.01)

Note: * indicate the significance at P <0. 05 level, * * indicate the significance at P <0. 01 level.
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&R ; ( 1 9d APX GPX 0O, H,
0, : ( 5 15d) MDA
D GPX GR 0, H,0, MDA
. APX CAT
3
D (0;) H,0,, APX CAT GPX CAT
, H,0,, H, O, APX  GPX
GR , R ,
NADP" /NADPH, NADP* , NADP" ,
0, 0, : GH /GSSG ( ),
AR , Qo, : R
(Asada, 1999) : oD
GPX &R ( 3 5),
15 d, 0, H,O, MDA ( 2 6),
, D APX CAT
GPX GR , :
APX CAT GPX 3
( 4 5) , , H, 0, CAT APX, GPX
, APX CAT , ,
CAT , APX , APX
, CAT
( ), , :
: H,O, APX CAT GPX
H,0,
, MDA MDA ,
: MDA ,
MDA ( 6) ,
, (Lasley etal , 1979) (M artin & Ort,
1985) (Nacl) (NaHCO;)
, MDA Pro , FOD CAT ,
( , 2006) , ,
, ( , 2003) 12 ,

’ 12 ’



11 : 1609

( , 1997) , DD CAT
GR , D GPX GR
O, H,0, MDA , : APX CAT
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