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Effects of low temperature stress during flowering stage on physiological
characteristics of rice leaf sheath and seed-setting rate
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Abstract; Two different cold tolerant rice ( Oryza sativa L.) cultivars Longdao 5 (cold tolerant) and Longjing
11 (cold sensitive) were planted in a pot experiment, which was conducted to explore the influence of low tempera-
ture stress on the seed-setting rate and physiological characteristics such as membrane permeability, antioxidant en-
zyme activities in leaf sheath under low temperature stress (15°C for 1,2,3,4,and 5 days) during flowering stage
in growth chambers. The results showed that pollen viability of Longdao 5 and Longjing 11 was significantly de-
creased by 8.21% and 16.10% , respectively, after treating for 2 days under low temperature. The seed-setting rate
of Longdao 5 was significantly decreased to 99.90% after treating for 3 d while Longjing 11 significantly decreased
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to 60.04% after only 1 d of treatment. The low temperature treatment significantly increased the relative conductivity
and contents of proline and soluble protein in rice leaf sheath that peaked after treating for 5 days. The conductivity
and contents of proline and soluble protein in Longdao 5 and Longjing 11 increased by 38.01% and 20.77%,
25.06% and 84.85%, 25.82% and 23.63% , respectively, over that of CK. The low temperature treatment also in-
creased the activities of superoxide dismutase (SOD ), peroxidase (POD), and catalase (CAT) in leaf sheath,
which reached maximum after treating for 3 days. Their contents in Longdao 5 and Longjing 11 increased by 10.57%
and 14.90%, 86.26% and 68.71%, 17.73% and 28.25% , respectively, over CK. In summary, low temperature
stress during flowering stage caused the increase of lipid peroxidation in rice sheath and induced the antioxidant pro-
duction in rice sheath and increased the activity of protective enzymes to alleviate injury from the low temperature
stress. The low temperature stress during flowering stage led to the decrease of pollen activity and seed setting rate,,
however, cold-tolerant varieties was more tolerant than cold-sensitive varieties.

Keywords: low temperature stress during flowering stage; rice; leaf sheath; physiological characteristics;
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Table 1 Effect of low temperature on pollen viability of rice during flowering stage

oL AbF V> E AR 220 E] Duration of chilling injury/d
Material ~ Treatment 1 2 3 4 5
L TR 91.90+1.42Aa 77.65+1.93Bb 61.19+2.66Bb 50.51+2.49Bb 36.76+0.85Bb
CK 92.88+0.84Aa 92.54+1.59Aa 92.42+0.82Aa 92.99+1.99Aa 92.70+1.52Aa
LDS TR 98.08+0.58Aa 89.95+1.23Bb 82.44+2.50Bb 79.36+2.17Bb 73.62+0.64Bb
CK 97.88+0.61Aa 98.00+1.26Aa 97.33+1.10Aa 97.10+0.26Aa 98.21+0.24Aa

U FBUR IIRZZ NARIERS . SRIFT S ML IEAT 2 5 LR, RPN [R/ING T B3R A B E) 0.05 7K P28 5 . 3 AR RS F B 3R 4k

FHIE] 0.01 KF2ERRBE, TH,

Note ; Errors following the mean values are standard error. Treatment means were separated using Duncan’ s multiple range test. Different lowercases

and capital letters in the same column indicate significant differences at 0.05 and 0.01 levels, respectively. The same below.
x2 FAEHBEEBEINKBELERNII %

Table 2 Effect of low temperature on seed-setting rate of rice during flowering stage

LR Qb3 2 FEFFEEITA] Duration of chilling injury/d
Material ~ Treatment 1 2 3 4 5
L TR 60.04+0.26Bb 51.69+1.41Bb 47.72+2.05Bb 40.05+0.92Bb 31.77+0.83Bb
CK 63.12+1.15Aa 63.12+1.15Aa 63.12+1.15Aa 63.12+1.15Aa 63.12+1.15Aa
LD5 TR 99.93+0.02Aa 99.93+0.01Aa 99.90+0.01Ab 99.81+0.01Bb 99.77+0.04 Bb

CK 99.96+0.02Aa 99.96+0.02Aa

99.96+0.02Aa 99.96+0.02Aa 99.96+0.02Aa
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Note ; Different lowercases and capital letters within the same column indicate significant differences at 0.05

and 0.01 levels among treatments, respectively. The same below.
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Fig.2 Effects of low temperature during flowering stage on proline content in rice leaf sheath
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Fig.3 Effects of low temperature during flowering stage on relative conductivity in rice leaf sheath
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Fig.5 Effects of low temperature during flowering stage on POD activity in rice leaf sheath

e
5 2 1
40 LI11
35
T
g 30 Aa
. ‘? 25 Aa Aa
iz I I ABa A
52 20f . I I
= Bb B
=0 5t Bp  BP Bb
et
g 10}
=9
5 L
0 . , . .
1 2 3 4 5
Qb # K % Days after treating/d
0r i
9}
T: 8t Aa
E 71 AIa e Aa Aa
Tw'; 6F
-t
S
P 3 -
o
S o}
1k
0 . . . .
1 2 3 4 5

ib K £ Days after treating/d

10r D5
9 F
8
=]
g 7
‘2
Wi O
©2 s
Se
o~ 3
=
<
@) 2
1
0
1 2 3 4 5
b3 K £ Days after treating/d
mCK TR

Bl o FFHEREX/KTEME CAT &R

Fig.6 Effects of low temperature during flowering stage on CAT activity in rice leaf sheath
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Fig.7 Effects of low temperature during flowering stage on soluble sugar content in rice leaf sheath

70 LI

6-

5k Aa
Aa I
I

4 Aa Bb b

w

Soluble protein content
[3S)

AETEE A A R/ (mg - g )

—

|

5

(=}

A Aa

I I
-AIi l i i |
1 2 3 4
Qb ¥ K % Days after treating/d

77 LDS
~ or
o0 = Aa Aa
-:DE» st ABa AIa I I
£5 AahAa Bb/E gy Bb  Bb
s 4L
13
Zma 3 b
2
€2,
s T
|=4 1 i
0 N . N N
2 3 4 5
ib HE K %L Days after treating/d
HmCK TR

8 FHMEEBEIKEBHETREERSENM

Fig.8 Effects of low temperature during flowering stage on soluble protein content in rice leaf sheath
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