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Physiological Salinity Tolerance Mechanism for Transport of K* and Na* lons in Cotton

(Gossypium hirsutum L.) Seedlings under Salt Stress

Wang Ning, Yang Jie, Huang Qun, Su Guilan, Zhou Hong, Xu Qinghua, Dong Helin, Yan Gentu®

(State Key Laboratory of Cotton Biology/ Cotton Research Institute, Chinese Academy of Agricultural Sciences, Anyang
455000, China)

Abstract: Salinity stress is one of the major abiotic factors affecting the growth and productivity of cotton (Gossypium hirsutum
L.). To further understand the possible mechanism of salt tolerance, an experiment was conducted to investigate the effect of salt
stress on growth and K/Na" homeostasis of cotton seedlings using three cultivars (CCRI 49, CCRI 35 and Zhong 51504). We
found that 150 mmol-L™" NaCl treatment significantly decreased biomass accumulation, photosynthesis rate(P,), photochemical
quenching(qP), photochemical quantum yield of photosystem (®y;) and electron transport rate(ETR), but significantly increased
non-photochemical quenching coefficients (qN) in PSIL. The biomass accumulation of Zhong 51504 was less affected by salt
stress than CCRI 49 or CCRI 35, and Zhong 51504 also retained higher P,, ®pg;, ETR and qN but lower ETR/P, under saline
conditions. Compared with the control, the salinity treatment caused a significant rise in Na* concentration and decreased K*
concentration. The limited negative impact in Zhong 51504 derived from the lower content of Na* and higher K" in the tissues
under salt stress. As expected, Zhong 51504 also retained a higher Na”/K" ratio than other cultivars under salt treatment. Experi-
ments of salt shock and long exposure to salt tested by the non-invasive ion flux measuring technique also revealed that Zhong
51504 not only had higher Na" exclusion but also showed better K* retention. Our results indicated that maintaining the K*/Na*
homeostasis can contribute to genotypic differences in salinity tolerance under conditions of high salinity.

Keywords: cotton; salt stress; salt tolerance; ion flux; K*/Na* homeostasis

8x10% hm?, 6%,
20%!"M, 9.2x10’

:2014-09-04
(1983—), , , wangning 4306202@aliyun.com; * ,yangentu@163.com
(S2013-07-1);
(1610162014002)




Cotton Science

3 K" Na* 209
hm? , 6.6%, KT Nat H )
, (Non-invasive Micro-test Tech-
@, , nique ,NMT),
o Na®" K* H* ,
Bl Takahashi
4 , 1
, Na* 1.1
Na’ o 49(CCRI 49), 35(CCRI 35)
Wu P , K* 51504(Zhong 51504)
) ; 2013
, Na' 500 wmol -m 2+s ", / 14 h/10 h,
, Na* (30+2)'C  (20+2)C, 9%
K" 7, 30 min,
K*  Na’ o 4d K 2.50
19 _Shabala [ mmol-L™"  1/2 Hoagland
K*/Na* Na* ° ,24 h , 4d s
) ( 9d)
) , 6h 50 mmol L™
e, NaCl, NaCl 150 mmol -
) ° L, , 6 4
, Na* . (
[1415) K* 18 d), N >
K*/Na* w1 N N
o ter 0.2%(W/W)NaCl ( )
t , Na’ NaCl ( )9 d Na* K*
K*/Na* , H 5
o ) 1.2
) 9:00—11:
00  Li-6400(Li-COR, Lincoln, USA)
° 4 (Pu)
, (To). (g). CO, (&)
) ° , 1000 pmol -
, m2-s7',CO, 400 pmol-mol ™",
) 25 C,

?71994-2015 China Academic Journal Electronic Publishing House. All rights reserved.

[19],

http://www.cnki.net

=

1t
e
-
it
Q
=)
=
S
=]
w
8.
0
=
(v}
[e]




##
#
7
s
o
[~}
=
g
w
23
o]
5
3

210 27
(PAM 2100, Walz, Effeltrich, Germany) Na" K" H* 5~6 min(
PS (FJ/F,) . ) , NaClI
(Prsyr) (qP) NaClI 100 mmol -L7",
(aN) o :
(ETR) °
ETR=®pgx PARX 0.50 x 0.84, PAR Mageflux (http://xuyue.net/mageflux)
(500 pmol-m™2:s7"),0.50 o
,0.84 1.3
84% o1 3,
, 10 min, SPSS 16.0(SPSS Inc., Chicago, USA) ,
) o Duncan's (P<
( ) , 105°C 30 0.05),
min ,80°C , o
= / o 2
Na" K : 2.1
, 1l mol-L"HCI 12 h, 30 min, ,
, (SpectAA-50/55, Vari- ,
an, Australia) K Na® o ( D,
«C ) ,CCRI49  CCRI 35
(BIO-001A, Younger USA Sci. , 39.6%
& Tech. Corp., Amherst, MA, USA) 36.3%; Zhong 51504 ,
( , 300 pm )  Na' K' 30.1%, ,Zhong 51504
H* o ,
15 min, 10 mL (0.1 mmol - L™ CCRI49  CCRI3S, Zhong 51504
KC1.0.1 mmol L™ CaCl,.0.3 mmol-L™" MES ,pH 5
6.0, Na®* K, Tris  HCI 22
pH ) 10 min, 10
mL N 7~10 min, ,
2~3 min ey P T. G
1 NaCl .

Table 1 Effects of NaCl on seedling dry weight of root, shoot and root/shoot ratio of different cotton cultivars

NaCl/(mmol-L™) cultivar Root /g Shoot /g Root/shoot ratio

0 CCRI 49 0.236 a 1.281b 0.185d

CCRI 35 0.264 a 1.321 ab 0.199d

Zhong 51504 0.256 a 1.381a 0.185d

150 CCRI 49 0.219a 0.690 d 0.314a

CCRI 35 0.230 a 0.760 ¢ 0.294 b

Zhong 51504 0.228 a 0917b 0.245¢

P<<0.05 °

Note: Values followed by different letters in vertical lines are significantly different at P<<0.05.
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20.2%.28.1%.38.7%  8.1%( 2). CCRI 49, Zhong 51504
, P,.g..T. G 6.1% .20.6% .29.2%
; 4.8% , CCRI 35 16.3% .
,Zhong 51504 , 26.9% .38.7%  8.3% ,CCRI 49
CCRI 35, CRI35 35.3%.42.3% .48.2% 10.9%,
2 NaCl

Table 2 Effect of NaCl on photosynthesis gas exchange parameters in the leaf of different cotton cultivars

NaCl/(mmol-L™) Cultivar ~ P,/(pmol-m™2-s™") g /(wmol-m™2:s™") T,/(mmol-m™?:s™") C;/(nmol-mol™")

0 CCRI 49 9.69 b 116.1 a 2.51a 387.0a

CCRI 35 9.90 ab 1114 a 2.6la 3925a

Zhong 51504 10.18 a 119.7a 2.57a 3923 a

150 CCRI 49 6.27d 67.0d 1.30d 3448 d

CCRI 35 829¢c 8l.4c 1.60 ¢ 360.0 ¢

Zhong 51504 9.57b 95.0b 1.82b 3733Db

P<0.05 o

Note: Values followed by different letters in vertical lines are significantly different at P<<0.05.

,Zhong 51504  CCRI 35

’

(Ppgn) Dpr.gP .ETR ETR/P, o Zhong
(qP) (ETR), 51504 ,
(@N), PS (FJ/Fy) ,
3. , ; CCRI 35; CCRI 49,
3 NaCl

Table 3 Effect of NaCl on chlorophyll a fluorescence parameters in the leaf of different cotton cultivars

NaCl /(mmol-L™") Cultivar FJ/F,, Dy qP qN ETR/(pmol-m™2- ") ETR/P,
0 CCRI 49 0.799 a 0.712 a 0.969 a 0.222 ¢ 149.5 a 1524 ¢
CCRI 35 0.798 a 0.712 a 0.962 a 0214 ¢ 1494 a 15.09 ¢
Zhong 51504 0.812a 0.715a 0.956 a 0.219 ¢ 150.0 a 14.75 ¢
150 CCRI 49 0.791 a 0.651 ¢ 0.907 ¢ 0.282 a 136.6 ¢ 21.78 a
CCRI 35 0.794 a 0.697 b 0.949 b 0.233 b 14390 17.65b
Zhong 51504 0.806 a 0.690 b 0.939b 0.278 a 1449 b 15.10 ¢
P<<0.05 o

Note: Values followed by different letters in vertical lines are significantly different at P<<0.05.
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Table 4 Effects of NaCl on ions concention and K*/Na* of root and shoot of different cotton cultivars
NaCl/ . Na"/(mg-g™) K*/(mg-g™) K*/Na*
o Cultivar
(mmol-L™) Root Shoot Root Shoot Root Shoot

0 CCRI 49 1.88 ¢ 1.87 ¢ 67.90 b 53.65b 36.12a 28.69b
CCRI 35 2.70b 2.28d 67.66 b 52.80b 25.06 ¢ 23.16 ¢

Zhong 51504 2.75b 1.75¢ 78.01 a 64.79 a 28.37b 37.02a

150 CCRI 49 2290 a 32.69a 40.57d 40.92d 1.80d 1.28 f
CCRI 35 23.15a 27.86 ¢ 37.25¢ 37.75¢ 1.61e¢ 1.36¢

Zhong 51504 24.09 a 29.64 b 4565 ¢ 4971 ¢ 1.89d 1.68d

P<<0.05 o

Note: Values followed by different letters in vertical lines are significantly different at P<<0.05.

2.4 CCRI49 H+ (9.31 pmol-cm™2-
st 15.79 pmol-cm™2-s7h), CCRI 35
Zhong51504 H' ( 20,
s NMT
Na* K" H' o 3
1A , Na+ 3.1
,CCRI49  Na' , , ,
4201 pmol-cm~'2-s7';Zhong 51504 , 2582 , (415]
pmol-cm 2-s™'; CCRI 35 , 3062 ,CCRI 49 ,  Zhong 51504
pmol-cm™-s7', , ;
K . K (D, (2
( 1B); . PS
CCRI 49 K* , NaCl F/F,,
CCRI35  Zhong 51504,K" ( 3, PS
CCRI35 Zhong51504 23 35 e QP . Dpy
H” , ETR aN  ( 3), ,Zhong 51504
,CCRI35  Zhong 51504 H* PS ( qP
, CCRI 49 H* ( 8381 Oy ), (aN),
pmol-cm™2-s™" 20.5pmol-cm™2-s)(  10C), ETR/P,
) ( 3); CCRI49 CCRI35
Na" K' , Na* , ETR/P, 3,
K  ( 2AB). ,CCRI 49 ,
Na* (445 pmol-cm™2-s7"), > Wituszynska 2 Li-
CCRI 35 Na+ (1100 pmol - ma-Neto & ,
cm -5 ');CCRI 49 CCRI 35  Zhong 51504 5
K* 146.9 pmol - 32
cm2-s7", 115.2 pmol-cm ?+s ™'l and 88.2 pmol - K/Na*
cm s , ,
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