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Effects of Exogenous Salicylic Acid on the Physiological Characteristics
and Growth of Cotton Seedlings under NaCl Stress

WANG Lihong, LI Xingxing,SUN Yingying, MAIMAITIALI Amanguli,ZHANG Jusong”

(College of Agronomy, Xinjiang University/Research Center of Cotton Engineering, Ministry of Education, Urumgqi 830052, China)

Abstract: In order to study the salicylic acid (SA) on the growth of cotton seedlings under salt stress and
resistance physiology, We used ¢ Zhongmiansuo 41’ (tolerant varieties) and ‘Zhongmiansuo 49’ (medium
tolerant varieties) as material. On 0. 60% NaCl stress conditions, using seed soaking and spraying applica-
tion method of exogenous SA cotton, we investigated the seedling growth, osmotic adjustment matter con-
tent and antioxidant system. The results showed that: (1) NaCl stress significantly inhibited the growth
of cotton seedlings, under NaCl stress with SA soaking+spraying treatment, cotton seedling height, leaf
area, dry mass, root activity, root/shoot ratio were increased, and malondialdehyde (MDA), soluble sug-
ar (SS), soluble protein (SP) and proline (Pro) contents were increased in leaves when exogenous SA had

been applied, together with significant decrease in superoxide dismutase (SOD), peroxidase (POD) and
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catalase (CAT) activities in leaves and roots. The activities of SOD, POD and CAT in roots of cotton
seedlings were smaller than those of leaves, and the SA treatment increased the enzyme activities of cotton
seedling roots more than that in leaves; (2) SA soaking 4 spraying composite treatment on 0. 60 % NaCl

1

mitigation effect is better than that of SA seed soaking treatment, while the 0. 05 mmol « L™' soaking +

! spraying treatment is the best; (3) Comparison of two varieties, SA on the ‘Zhongmian-

0.2 mmol « L™
suo 49”7 to alleviate salt stress intensity is greater than that on the ‘Zhongmiansuo 41”7, especially in cotton
seedling root growth is most evident, exogenous SA could made the root activity of ‘Zhongmiansuo 41’
improved 10. 58% —57.56 %, ‘Zhongmiansuo 49’ improved 15. 08% —80. 48%. The study found that ex-
ogenous SA could alleviate cell membrane damage and increase salt tolerance by regulating osmotic adjust-

ment and antioxidant capacity of cotton seedlings, but the effect of alleviation was different between differ-

ent tolerant cultivars and treatments.
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Table 1 Effects of exogenous SA on the height, leaf area and root activity of cotton seedling under NaCl stress
i i JLBL [ T AR LS}
Cultivar Treatments Plant height/cm Leaf area/cm? Root activity/(pg+ g ' «h™ 1)
CK 11.95£0.38 a 16.53+3.67 a 154.5549.06 a
N 9.01+0.17 ¢ 12.32+0.84 b 73.64+8.45d
R A1 2 Ty 9.41+0. 38 be 12.74+2.08 b 81.43410.54 cd
Zhongmiansuo 41 T, 9.600. 32 be 14,2243, 28 ab 95. 48£6. 30 c
T, 9.74+0.19 b 14.44+1.81 ab 116.03422.14 b
Ty 9.48+0.16 be 13.14+2.26 b 89.9249.14 ¢
CK 11.784+0.47 a 14.89+0.29 a 145.08420.83 a
N 8.64+0.39 ¢ 11.61+0.33 ¢ 62.00+7.00 d
oA T 49 2 Ty 9.49+0. 21 be 12.794+0. 82 be 71.35410.17 cd
Zhongmiansuo 49 T 9.78+0.28 b 13.080. 66 be 78.28+9.63 ¢
T, 10.014+0.24 b 14.63+0.59 ab 111.90+11.93 b
Ty 9.81+£0.25 b 13.26+1.18 ab 86.19+6.14 ¢

T CKL X B, ZE 18K B A5 NL 0. 60 % NaCl; To. 0. 60% NaCl 0. 05 mmol « L™! SA #2#;T,.0.60% NaCl 0. 05 mmol « L™! SA {1+
0.1 mmol « L™ SA HRimE i ; T2 0. 60% NaCl 40. 05 mmol » L™ SA 32 Fr+0. 2 mmol « L1 SA B[ B jiti ; Ts. 0. 60% NaCl +0. 05 mmol « L~!
SA EF+0.3 mmol » L™ SA T W it 5 [7] — & A 5] — 31 0 R R /NG F LR R 78 0. 05 KF 125 5 W35, BT A3 B0 34 2 7 39 (8 2 Hopm ok 25 (3

HEtRfEE) . TR

Note:CK. Control, soaking in distilled water;N. 0.60% NaCl; Ty. 0.60% NaCl 4+0. 05 mmol « L~! SA seed soaking; T;. 0.60% NaCl

+0. 05 mmol « L' SA seed soaking=+0. 1 mmol « L.=! SA foliar application; Ty. 0. 60% NaCl 0. 05 mmol « L.~ ! SA seed soaking=+0. 2 mmol « L.~

SA foliar application; T3. 0.60% NaCl 0. 05 mmol « L™! SA seed soaking=+0. 3 mmol « L= SA foliar application; The different lowercases of

the same variety in the same column means significant difference at 0. 05 level. The data are the means of duplicates and their Standard deviation

(Mean®SD). The same as below
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Table 2 Effects of exogenous SA on the accumulation and distribution of dry matter of cotton seedlings under NaCl stress

o Fif

Cultivar

At

Treatment

i i
Dry root weight
/(mg * plant ')

o
Dry leaf weight
/(mg + plant ')

E g
Dry stem weight
/(mg « plant ")

bR TE
Dry weight
/(mg + plant ")

/(mg * plant™")

Mo b T E —
Dry weight on At et H
Root shoot
the ground X
ratio

PR BT 41 5

Zhongmiansuo 41

CK

T,

22.28+0.84 ab
16.3240.65 ¢
17.7140.49 ¢
20.80£0.16 b
24.23£0.67 a

18.0040.62 ¢

109.6049.21 a
87.75£3.06 b
94.57+3.73 ab

100.3942. 70 ab

103.9043. 40 ab

96.25+4.17 ab

64.552£0.94 a
43.50£0.60 b
47.1840.45 b
51.02+1.02 b
54.50£7.50 ab

49.02=+1.69 b

196.43+7.43 a
147.57+4.31d
159.46+4.78 cd
172.21+1. 84 be
182.63+3.43 ab

163.28+1.87 ¢

151.414+1. 68 be
158.404+4.10 ab

145. 2740. 25 bed

174.154+8.27a  0.12940.011 b
131.254+3.65d  0.12440.002 b
141.7543.28 ¢d  0.125+0.001 b

.1372£0.001 ab
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17.824+1.23 a
12.55+1.31b
15.85+0.61 a
16.844-0.35 a
18.06+0.56 a

17.56+£0.50 a

93.724+9.74 a
70.90+1.65b
76.82+1.45b
78.07+1.05b
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43.15£1.08 cd
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3
—
w
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Effect of exogenous SA on the antioxidant enzymes activities of cotton seedling under NaCl stress
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Fig. 2 Effects of exogenous SA on the content of MDA

in leaves of cotton under NaCl stress
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Table 3 Effects of exogenous SA on the content of osmotic adjustment substance in the leaves of

cotton seedling under NaCl stress

A b g il S R o CIREY e g iy RIS el
i Proline content (Pro) Soluble sugar content (SS) Soluble protein content (SP)
Cultivar Treatment - o " T
/(pg gD /(mg g 1) /(mg+g 1)
CK 51.96+7.114d 2.3740.31 ¢ 3.724+0.75 ¢
N 69.864-0.95 ¢ 4.0940.15 b 6.40+0.87 b
. T .86+3. .12+0.5 .81+0.
"I"’h%g? 41 % 0 70 86 3. 40 b(‘ 4 12 0 )7 b 7 81 0 46 ab
Zhongmiansuo 41 T, 73.88+1.41 ab 4.4240.32 ab 9.0140.32 a
T, 74.3946.10 a 4.6140.60 a 9.56+0.28 a
Ts 73.47+2.03 ab 4.2340.71 ab 8.5940.40 ab
CK 43.16+£1.55 ¢ 3.0740.83d 5.42+1.49 e
N 63.81+1.83 b 4.0540.36 ¢ 7.4740.49 d
T L66+E2. 4,07+0. 67 .39+0.
Zhongmiansuo 49 T 67.404.18 ab 4.17+0. 28 be 8.5640. 13 be
T, 72.9244.26 a 4.614+0.61 a 9.60+0.08 a
T 69.3943.42 ab 4.4840. 66 ab 9.05+0.24 b
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Table 4 Gray correlation analysis of SA on physiological indexes of cotton seedling

845 Index

FIEJEF Correlation degree HEF Order

# & Plant height/cm

1 #L Leafl area/cm”

T & Dry root weight/(mg * plant—!)

-+ Dry leaf weight/(mg « plant™!)

22+ & Dry stem weight/(mg ¢ plant— 1)

Ptk + & Dry weight/(mg « plant™!)

#R3E H Root shoot ratio

AR IE 7 Root activity/(pg+ g~ ! «h™1)
AR i SS/(mg - g7 D)

AR & SP/(mg - g D)

%R & it Pro/(pg - g D)

W B % 5 MDA /(nmol » g 1)

R SOD i ¥ Root SOD acitivity/(U » g+ min~ 1)
I SOD 7% ¥ Leaf SOD acitivity/(U » g~ ! « min™ )
R POD §& # Root POD acitivity/(U + g 1)

- POD 35 ¥ Leaf POD acitivity/(U « g~ 1)

i CAT 7%+ Root CAT acitivity/(U « g~ 1)

M CAT 3 Leaf CAT acitivity/(U » g~ 1)

0.184 64 16
0.187 10 15
0.209 11 2
0.188 84 14
0.197 13 9
0.193 31 11
0.192 64 13
0.272 30 1
0.194 57 10
0.199 26 5
0.160 49 18
0.165 66 17
0.197 46 8
0.193 16 12
0.198 51 7
0.207 21 3
0.200 53 4
0.199 10 6

— e Hr A R E A E E  RR E O NTT A
SO ik AR 38 405 5% L 4 A0 B R XL 0. 05 mmol + L7
2R +0. 2 mmol « L~ I ] Wi Jife 50 2R i i 3
2.4 SAREMNBREIESZSEREEBEERHKRBX
BES

FR A K A0 2 8 380, G HR 3 I A 2 4 BRI &R
G210 A PR AR 2 Y BB T2 25 00 [R) Y 2 YR
JE L SCHR R, BEH G R B ), S Kk
F AR BB SCHR B2 43 A (3R 4) K W] SA - [ M it vk J3E
554 KA AR A 2 ) A9 K €8, 0GB 7 0. 160 49~
0.272 30 Z [0 ; M R 3G 7 FIAR T 85 5 SA i [ W i
W FE 18] 5C R 0 R 2 U0, Uk W1 SA (it FH DA AR &R
AR B AR R R ER 4 3 F 5 DA AR A AR
KA mER POD 3 PE AR A CAT 3% 1 fe fig S L4t
A ALTE R GUIRDL . SP fe g I B4 L2 & W T RE ) S
SA T Wit R A5 o PR, SA I THT IS it X R A
W e KRR R BRI FTRANAERKEE &
il 1A B L i 55 7 T

3w

A W R A RS R 38 BN Y 25 R B AR
B a5 R AWM SA AR - A 4E 4 1 B AR O L 4R

B CRARET 41 SN T, kb PRI B AR
JIt 49 57 (IR AR -+ I T it Ah B (T, ~ T ) g 2%
7o R AR A R I P R R AR AR B (T ) 5 Ll
AR AL TF A — 7K - BEBH SA AT i Ak R AR &
F49 53 TE A 1) AR X 7K 43 R % 0 AR B, DT 34 58 A
BR A K BE J7 4 1T A Ak B AKON 2 PR B T BE S Ab
A7 . Colmer™™ BYRF 5T & B, Wi 14 4 40 38
23l 3 YT KAR FR o A DA IE N 8 A% i UK
420 V) = LR BUGRE R HIL 1 3 2o 0 0 AR Y 43 A DA B
R B o AR 3 458 2% 1R oA 4 1 3 L X B R A AR
F00F 35 Ty 3 0 R O TR 3R B AR F 5 v ¢ b R T
A1 5 5 i T 49 5 AR R F R T LR
56k L AR AR AR T E B SA X AR AR A 28 e 1 A B B
VLB SA JE SR BUA B E R AR T R AR R 0 A g 2
P STIE N SRV b NN EN G Y/ P Y
M AR R AE SA VEH T KB 3 L MR R 2L AR TR
—J7 Y 5 R B0 AT 48 L R Be ) B T i — 2P
M ALXWB AR R R KA R REKE
FE bR o X AR A JE NLIZE S B9 7 A

IAAE B 9B B9 A5 A L NaCl ki B AIK T AR AE
R FIAR R A 0 48 B S 1, SA R R AR B (T ) Xt
Fikk SOD F1 POD i o4 45 & 3 4 4 Jin 280 n . 1 XF
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CAT TP 32 & A i I 49 57 By I R Sy ik
E AER/INF CK, SA 2R+ i [ w5 it 52 A 4b 21
— i m T 3 R b AL R TE M B A S T CKL A
WEEE R ERBFSE & B, 0. 25 mmol « L' SA it
T W55 %6 7] {8 150 mmol » L' NaCl fri8 F #4645 i
M SR ER SOD 3 13 42 5 89. 58 %0 1 8. 67 %,
5RO T AR — S U A K R R a0 i F g
A AL A [ 09 2 AR B 53 IR A A 4
&M SOD.POD 1 CAT I ¥ % /N T it F, SA &b
PP e R A8 &0 v A R IS O R R T AL
W] SA FEH B B i iy i A RCPE S [ B L R 1 W
SA R Fh I it 5 G b B R TR R AR K

[ 2 2 (Pro) FA] i P WE (SS) R AR Z A ) 1) &
BB B W)L AT P AR 1 (SP) 2 R AR ) 1R
PR B ) — S E AR AR . AR B 0. 602
NaCl Jifp 38 7T 42 #F i - Pro.SS 1 SP & & 07+ & .
VLIRS 3 T —Fh 8 AR HLE e T Pro
RIS UL Pro AT AE Y B # L BRI NaCl
XoF T M B . B R A R T R M X 5 A SE it
AR B A g — S g R — 3, kAT g
St A2 ol NaCl B f2 B A5 . 4. SA
YEF R R AE M - Pro.SS Al SP & & dF— 4 #2755 . I
PLT, Ab BRSO f ol 1 2. i B B R A 5Tk R
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