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Table 1. Analysis of variance for shoot dry weight, chlorophyll a and b contents (Chl. a & b), total ascorbate (AsA,), ascorbate oxide (AsA,) and ascorbate reduced

(AsA)), H,0,, Malondialdehyde (MDA), a- tocopherol contents in leaf of three rice genotypes under low temperature stress conditions.

&35 s ol oS 03 adss s bl oL ST eSOl ST ol ST O STy T g 0l Jasss8 5 Wl

S.0.V. S ks ol df Leaf dry weight Chl. a Chl. a AsA, AsA, AsA, H,0, MDA a-tocopherol
Temperature (T) s 1 1445504 ** 0.897* 0.288™  1056** 599.8%* 64.19%* 132016** 6479.1%* 7.26%*
Genotype (G) <53 2 112866** 0.50™ 0.156™ 5.15™ 1.091™ 3.52" 113004 ** 718.1%* 6.41%*
TxG X s 2 75116™ 2.13™ 0.981™ 6.79™ 1.143™ 467" 113004 ** 155.3™ 2.67*
Error (1 18 80062 1.39 0.391 11.04 8.225 1.84 9868 82.4 0.753
* and **: Significant at the P<0.05 and P< 0.01 levels, respectively. A3V gDl o 53 513 e o5 @ HE
ns: Non- significant S5 gme & NS
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Table 2. Analysis of variance of root dry weight, total ascorbate (AsA,), ascorbate oxide (AsAy) and ascorbate reduced (AsA,), H,O,, Malondialdehyde (MDA), a-

tocopherol contents in root of three rice genotypes under low temperature stress conditions.

@57 4y iy &S 0 F oL LS ol ST el ol ST it ST bedlT 3 0L Jss8 ST
S.0.V. ol pmbe df Root dry weight AsA, AsA, AsA, H,0, MDA a-tocopherol
Temperature (T) > 1 112067** 16.90** 1.54** 8.28%* 411602** 186.7%* 0.006*
Genotype (G) <3 2 8600 ™ 0.748™ 0.194* 0.878™ 107085* 2.55™ 0.00001 ™
TxG X s 2 19017* 0.21™ 0.185* 0.4427 129523 * 11.5™ 0.00001 ™
Error s 18 5072 0.574 0.039 0.416 24594 3.75 0.00001

* and **: Significant at the P<0.05 and P<0.01 levels, respectively.
ns: Non-significant
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1- Total ascorbic acid
3- Ascorbic acid reduced form

2- Ascorbic acid oxide form
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Table 3. Mean comparison of chlorophyll a and b contents (Chl. a & b), shoot dry weight (SDW), total ascorbate (AsA;), ascorbate oxide (AsA,) and ascorbate reduced

(AsA)), H,0,, Malondialdehyde (MDA), a- tocopherol contents in leaves of three rice genotypes under control (C) low temperature stress (S) conditions.

\‘_?J;J}JB;};MT H202 r\.b‘g‘_g;pd)) aJ:ﬁjjlf bJ:ﬁjjlf
0S5 xS k) Al s oSl 0358 2 Jse3,550) bl Dby ST ST O ST &S o, ST 2eSd sl e 8 pe S k) eSSk
(i 039 G 0isp S ndse o) (5 GosseS 2dsmh) GoispfS pdss)  Goss p8 1 dsmike) (65 (5 09 (G 09
a-tocopherol MDA H,0, Leaf AsA, Leaf AsA, Leaf AsA, SDW Chl. a Chl. b
mg g dwt mmol g fwt mmol g fwt mmol g fwt mmol g fwt mmol g fwt mg plant” mg. g~ fwt mg. g~ fwt
) U5 dals U5 dals U5 dals OS5 dals U5 dals OS5 dals OS5 dals U5 dals OS5 dals
Genotype S C S C S C S C S C S C S C S C S C
No.33 3.42 3.14 35.6 7.98 22.5 0.0001 2.17 0.32 9.93 0.58 12.1 0.90 1838 2080 386  3.85 1.82 1.98
No.34 2.90 2.30 47.3 19.4 0.0001  0.0001 3.38 0.30 11.4 0.54 14.7 0.85 1510 1768 3.67 4.05 1.78 1.98
R 5.58 3.16 62.1 19.1 422.5 0.0001 5.01 0.13 10.3 0.48 15.3 0.61 1993 2465 2.64 4.2 1.14  2.16
Hovaizeh
LSD 5% 1.29 13.49 147.6 2.01 4.261 4.936 420.3 1.744 0.9289
Sx’ 0.43 4.54 49.67 0.68 1.434 1.661 141.5 0.5869 0.3126

LSD5% are for comparing genotypes for each traits.

.u;@wf‘s\ﬂu%:,;;aﬂw@ﬁLSD%S
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Table 4. Mean comparison root dry weight (RDW), total ascorbate (AsA,), ascorbate oxide (AsA,) and ascorbate reduced (AsA,), H,O,, Malondialdehyde (MDA),

a- tocopherol contents in roots of three rice genotypes under control (C) low temperature stress (S) conditions

“hoy Js 5 ST RERPERRPIN H,0, slol Sy ST LSy ST JS o, ST atyy oS 033
(S22 05508 20 S k) GOsspS pdsmiks) G058 adsm S Goise S pdse e (505505 2 sk (5853 ¢85 2 dpmihe) (65 5 ¢85 ko)
a-tocopherol MDA H,0, AsAr AsA, AsAt RDW
mg g dwt mmol g fwt mmol g™ fwt mmol g fwt mmol g fwt mmol g fwt mg plant™
oA aals oA aals oA E oA aals oA aals oA aals oA aals
Genotype s 55 S C S C S C S C S C S C S C
No. 33 0.10 0.03 16.4 10.0 173 190 1.38 0.18 0.88 0.14 2.26 0.33 312 447
No. 34 0.05 0.02 17.9 10.5 650 168 1.84 0.20 0.28 0.12 2.11 0.32 297 332
Hovaizehs j, 4» 0.05 0.02 14.6 11.8 494 173.5 0.71 0.02 0.67 0.06 1.38 0.07 285 325
LSD5% 0.0047 2.875 233 0.958 0.2934 1.126 105.8
Sx’ 0.0016 0.968 78.41 0.323 0.0987 0.3788 35.61
LSD5% are for comparing genotypes for each traits. Al o o a6l s o g5 s las (o , LSD%S

Y14
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Table 5. Correlations coffecients between shoot dry weight (SDW), root dry weight (RDW), chlorophyll a and b contents (Chl a and Chl b),total Chlrophyll, total

ascorbate (AsAt), ascorbate oxide (AsA,) and ascorbate reduced (AsAr), H202, Malondialdehyde (MDA) and a- tocopherol contents in leaf and roots of three rice

genotypes under low temperature stress.

oSes 03 Jés S Il ST S ST bl ol ST Hy0, MDA Js55 ST U5 oSt ST bl ol ST H,0, MDA Js55 ST
ol any ) oSt 03 Js S Jos (ab) Js’ Ege Ege Egn &£, &£, Ege ) Ay ST k) ey ey k)
Shoot Root a b Total Leaf Leaf Leaf Leaf Leaf Leaf Root Root Root Root Root Leaf
Traits Slio dwt dwt Chla Chlb Chl. AsAt AsAo AsAr H,0, MDA a-tocopherol AsAt AsAo AsAr H,0, MDA a-tocopherol
Gy oS 05
Shoot dwt 1
Aty oS 0y
Root dwt 0.83%* 1.00
JBs k52
Chla -0.38™ -0.03™ 1.00
J5,5D
Chl b -0.51™ -0.20™ 0.97%* 1.00
(ab) g5 g5,
Chl total (ab) -0.43™ -0.12™ 0.99%* 0.99%* 1.00
ST
Leaf AsAt 0.93%* -0.04™ -0.29™ -0.15™ -0.22™ 1.00
S o) ST
Leaf AsAo -0.15™ 0.12™ -0.07™ 0.01™ -0.03™ 0.42™ 1.00
& et Sl ST
Leaf AsAr 0.23™ 0.96** -0.16™ -0.12™ -0.15™ 0.37™ -0.69* 1.00
H,0, &,
Leaf H,0, 0.82%%* 0.58* -0.63* -0.70%* -0.68* 0.40™ 0.04™ 0.28™ 1.00
& MDA
Leaf MDA -0.58* 0.36™ -0.28™ -0.37™ -0.33™ 0.37™ -0.20™ 0.75%* 0.80%* 1.00
s pS ST
Leaf a- tocopherol 0.65* 0.33™ -0.64* -0.69* -0.67* 0.32™ -0.33™ 0.59* 0.80%* 0.58* 1.00
s JS Sl ST
Root AsAt -0.43™ -0.50™ 0.12™ 0.26™ 0.19™ 0.26™ -0.12™ 0.33™ -0.4%m -0.18™ -0.95%* 1.00
iy 4SS, ST
Root AsAo 0.22™ -0.03™ -0.59* -0.578* -0.58* 0.25™ 0.06™ 0.14™ 0.24™ 0.01™ 0.32™ 0.41™ 1.00
iy el Dby ST
Root AsAr -0.56* 0.53™ 0.35™ 0.50™ 0.43™ 0.19™ -0.15™ 0.30™ -0.48™ -0.20™ -0.22™ 0.94* 0.07™ 1.00
ax, HOy
Root H,0, 0.11™ -0.04™ 0.11™ 0.15™ 0.13™ 0.04™ -0.13™ 0.16™ 0.25™ 0.42™ 0.08™ -0.16™ -0.54™ 0.03™ 1.00
MDA .,
Root MDA 0.66* -0.74%* 0.29™ 0.50™ 0.39™ 0.44™ 031™ 0.03™ -0.44" -0.23™ -0.28™ 0.55™ -0.20™ -0.67* 0.26™ 1.00
iy Jsp S SWT
Root a-tocopherol -0.04"™ 0.04™ 0.41™ 0.30™ 0.36™ -0.58* -0.37™ -0.08™ -0.38"™ -0.22™ -0.41™ 0.25™ 0.21™ 0.20™ -0.24™ -0.34"™ 1.00
*and ** : Significant at the P<0.05 and P<0.01 levels, respectively. L3V 50 dla o 53 505 e 5 SRR G
ns: Non- significant S5 g &S
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Effect of low temperature on antioxidant mechenisims in sensitive and

tolerance (Oryza sativa L.) genotypes in seedling stage
Hassibi P.!, F. Moradi’ and M. Nabipour3

ABSTRACT

Hassibi, P., F. Moradi and M. Nabipour. 2008. Effect of low temperature on antioxidant mechanisms in
sensitive and tolerance (Oryza sativa L.) genotypes in seedling stage. Iranian Journal of Crop Sciences.

10(3): 262-280 (in Persian).

In order to study of oxidative stress caused by low temperature stress on three rice (Oryza sativa L.)
genotypes, 2-week-old rice seedlings were subjected to 13/15°C and 22/29°C as control (night/day, respectively)
in phytotrone for 14 days. This experiment was conducted as factorial using completely randomized design with
four replications. Low temperature stress caused significant increases in ascorbate (total, oxide and reduce) and
a-tocopherol levels in both roots and leaves. Both roots and leaves of cold tolerant genotype IRCTN33,
ascorbate oxide was significantly higher than other genotypes. Leaf hydrogen peroxide in sensitive genotype
Hoveizeh had significant increase, which had negative correlation with amount of chlorophylls content.
Significant increase in MDA (malondialdehyde) in Hoveizeh leaves showed sever membrane phospholipids per-
oxidation. In leaves the lowest amount of H,O, was detected in cold tolerant genotype IRCTN34. Root ascorbate
oxide form in IRCTN34 was significantly less than other genotypes. However, Hoveizeh had weak antioxidant
mechanisem among studied genotypes, while it was highly efficient in low temperature tolerant genotypes
(IRCTN33 and IRCTN34). Therefore, it is possible to suggest them as low temperature tolerant parents to be

used in rice breeding programs.

Key words: a-tocopherol, Ascorbic acid, H,O,, Low temperature stress, Rice.
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