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Effects of exogenous nitric oxide on low temperature stress of maize seedlings

WANG Fang, LI Yong-sheng, PENG Yun-ling, WANG Han-ning, FANG Yong-feng, WANG Wei
( Department of Agronomy , Gansu Agricultural University , Drought Environment Crop Cultivation of
Key Laboratory in Gansu Province , Lanzhou, Gansu 730070, China)

Abstract: This study aims to evaluate the effects of exogenous NO on low temperature stress of maize seedlings un-
der low temperature stress by pot experiment. The results showed that low temperature significantly inhibited the growth of
maize seedlings. The relative water content, chlorophyll content, soluble protein content, soluble sugar content were de-
creased by 46.7% , 19.19%, 22.0% , 72.3% , respectively under low temperature stress. The cell membrane perme-
ability was increased, with the relative conductivity and malondialdehyde (MDA) content increased by 44.2% and
35.1% . The appropriate concentration of exogenous NO can alleviate the damage caused by low temperature stress, es-
pecially at the concentration of 0.10 mmol+L~! SNP. Under this optimization treatment, MDA content and relative con-
ductivity were decreased by 24.4% and 11.1% but the relative water content, chlorophyll content, soluble protein and
soluble sugar were increased by 40.2%, 11.0%, 19.25% and 123.0%, respectively. The photosynthesis of maize
seedling was effectively improved by exogenous NO under low temperature stress. Compared with the condition of without
NO treatment, the net photosynthetic rate ( Pn), stomatal conductance ( Gs), transpiration rate ( Tr) were significantly
increased under low temperature stress, but the CO, concentration ( Ci) was obviously declined. These results suggested
that appropriate application of exogenous NO could relieve the inhibitory effect of maize seedling growth under low temper-
ature stress.

Keywords: maize seedlings; exogenous NO; low temperature stress; physiological characteristics
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P T 0 TR B A T A
1.2 A&
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[F] P b B

0 3k TS0 e R A ) S 0 , B % o Y L)
D735 BEAT R W 3m b B, A g 2R 1 6 A Ak HL:
Hoagland & 2 + il (X1 #]) 5 Hoagland 5 FR K +
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Rt 22 , k3] /K- (P <0.05) (K 1),

[ a

T K 2/%
Relative water content

S = N W A ;Y
T

1 3 4 5 6
Ab B Treatment

1 5ME NO FHMREMME T EXRGEM A
B3 & K EHENE (F1E + SE)
Fig.1 Effect of exogenous NO on the relative water content
in maize seedling under low temperature stress (mean + SE)
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BEFEW + WO ), 2—Hoagland 7 3£ + 4°C, 3—Hoagland 7 37
¥ +0.050 mmol * L™'SNP + 4°C, 4—Hoagland ‘& ¥ + 0. 100 mmol *
L7'SNP + 4°C, 5—Hoagland & % + 0. 150 mmol - L."'SNP + 4°C, 6—
Hoagland & 3£ + 0.200 mmol - L~ 'SNP + 4°C ; F[Al,

Note: different lowercase letters indicate significant difference at P <0.05
level. 1—Hoagland nutrient solution + normal temperature ( Control ), 2—
Hoagland nutrient solution + 4°C, 3—Hoagland nutrient solution + 0.050 mmol
*L~"SNP + 4°C, 4—Hoagland nutrient solution + 0. 100 mmol - L=' SNP +
4°C, 5—Hoagland nutrient solution + 0. 150 mmol - L' SNP + 4C, 6—

Hoagland nutrient solution + 0.200 mmol*L~! SNP +4°C ; the same below.
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Fig.2  Effect of exogenous NO on the chlorophyll content in

maize seedling under low temperature stress ( mean + SE)
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Fig.3  Effect of exogenous NO on the membrane permeability content

in maize seedling under low temperature stress (mean + SE)
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Fig.4 Effect of exogenous NO on the MDA content in maize

seedling under low temperature stress (mean + SE)

2.5 MR NO XHEEME T EAKL &M A A%
ERSEN®Mm
5 HE AL AR L, AR TRAL BES F R 4 i Fal
BYEEA S REMEICT 22.0%, 278 B EKF, %
W 7E— 2 R LR T B A . &



55 4 3]

ESR = YR S =K (PO S S EN STl SER B AL 273

AR MR BE 1 SNP Ab B IS v ¥ 1 2R 1 34 AN TR R
B34 ,0.05 ~ 0.15 mmol- L™ 'SNP WA/EF T, £ K4
B R e B ATV B 1 i S AR A A L 4
T 10.4% .19.25% ,11.4% , 7EZH10.10 mmol *
L~ "SNP B 22 3k 5 8 K- (P <0.05) (B 5),

w
w o
(=} f=]

1

& &/(mg e mL™)

— = NN U
wn O
o O

<
<
T

3

n
<
T

Soluable protein content

75 1 4

Al
S
<

1 2 3 4 5 6
&b B Treatment

5 5ME NO XHEIRMME T ERL Bt A
AMEA BN + SE)
Fig.5 Effect of exogenous NO on the soluable protein content

in maize seedling under low temperature stress (mean = SE)
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Fig.6 Effect of exogenous NO on the soluable sugar content

in maize seedling under low temperature stress (mean + SE)
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M 1 ATLAE H, FRG 2 AR e )5, v A
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SRR E K (P <0.05),

JiSITYin SER OB R B ST NP e (Y B TR
T, ot & (Po) B3 T B, O H IR IR
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Table 1  Effects of exogenous NO on Pn, Gs, Ci and Tr in

leaves of maize seedlings under low temperature stress

P AN —he s
. L% Bt h ZE 1
Qb Hﬁ;ngz BE Gs A P ETr
Treatment o _L] /(mmol*m~2+ /(,unol'm'z' /(mmol*m~2+
/(L) 1 1 -1
s™h) s7h) s7h)
1 351.0000c 0.08222a 10.7544a 8.6522a
2 437.7778a 0.03356bc 8.0867b 4.3288d
3 406.3333b 0.04222¢ 8.4847b 5.2346cd
4 356.9875¢ 0.05644h 9.0010a 6.7566b
5 375.1111d 0.03589¢ 8.8356a 4.2389¢
6 384.1111d 0.02477d 8.0711b 3.2589d
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AERIAITH . TRIN SNP J&5 , gP S5 I 200 Ak BEAH Lo A
YOS/ T 15.01% .51.55% 42.30% .38.33% , NPQ
i 55 % U Bk A B A AR D T 11.36%
46.01% 11.74% .9.54% , H. 22 53K %) . 3 K- (P
<0.05),

TR ZAGR A G, TR R B/ MR ¢
H( Fo ) B8 o6 BRIE E 380 1 70.92% , 1% i Ak 21
T Fo My b Ft, & WIKIR W38 R T IR 40t RE
AR, 1R 1O, 3 B PSIT S0 Hr o 2R 1
o fiE . INIINSNP J& , Fo & SRR S AL BEAH He
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FIREN B FEKF(P <0.05),
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Table 2 Effects of exogenous NO on chlorophyll fluorescence parameters in leaves of maize seedlings under low temperature stress

2R 2 9S40 Parameters of chlorophyll fluorescence

Treﬁi%nts etk I S 2N L RO PN Y
REHL qP K ZHL NPQ P Fo Fm Fv/ Fm
1 0.9291a 0.5663a 23.8889a 1106.333a 0.6943a
2 0.5382b 0.3236¢ 82.2222b 644.7778¢ 0.5384b
3 0.6190b 0.3603b 58.6667bc 124.6667¢ 0.5600b
4 0.8157a 0.4724a 36.3333a 9.1111b 0.6236ab
5 0.7820a 0.3616b 38.2222a 88.0000b 0.6229ab
6 0.7445b 0.3544b 40.4774ac 102.9259h 0.6002ab
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