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Effect of Salt Stress on Ion Contents and Photosynthesis
in Willow Clones SH31
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Abstract; Taking willow clones SH31 as trial material, the distribution and changes of photosynthetic characteristics
of Na*, K*, Ca’" in roots, stems and leaves were studied in the condition of hemi-inhibitory sodium chloride solu-
tion. The results are as follows: under the stress of 0. 6% sodium chloride solution, willow clones SH31 appeared
strong salt tolerance. In the condition of hemi-inhibitory sodium chloride solution, concentration of Na* increased in
roots during the first 16 days and part of Na* was intercepted to transport to the leaves. In the condition of hemi-in-
hibitory sodium chloride solution, the content of K* decreased in roots and stems, however it increased in leaves. Tt
can still maintain high level K* in leaves. There was no significant difference of content of Ca>* in roots, stems and
leaves between treatment and control. In this condition, the net photosynthetic rate of SH31 reduced during the first
7 days and then remained stable. The transpiration rate and stomatal conductance decreased during the first 7 days
and then increased. However, there was no significant difference of the concentration of CO, between treatment and
control. The root selective absorption of Na* and maintaining large amount of K* | Ca’" and high level of photosyn-
thesis should be the important mechanism of salt tolerance in SH31.
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32 7.96 +0.37a 23.32 +0.98b 0.89 +0.00a 5.88 +1.00d 0.93 +0.06a 10.22 +1.93¢
2.2.2 xSH3l RRABEF K 46 %w MHE 75 SHI AT IR o R s, koI,
3H[AH  BEE AL B A I KT EAR R & ﬁrFﬁx-MfﬂFnlrﬂim,iﬁ ZERZ . K ErimEm
wTHERE, EM R A E E 32 d IR ZEA AT JARTEIARE R S X IR A R
7 0.29.0.24 £%5, 0 EFF T 1.39 45, Ab¥E; K*
%3 NaCl RHHIRERERT SH31 AR K 22N mg - g’
Ab B[R]/ Jics £ -
d CK NaCl NaCl CK NaCl
15.41 £2.47a 15.41 £2.79bc 13.34 £1.46a 13.34 +1.46ab 13.58 £0.92a 13.58 +0.92d
18.14 £1.98a 12.72 £3.05¢ 11.55 £0.45a 10.71 £0.89b 14.70 £2.18a 17.57 £1.26¢
16 14.81 +0.81a 13.43 +1.32ab 12.51 £0.97a 10.53 £0.60a 15.66 £1.37a 19.11 £0. 84bc
24 15.42 +3.01a 11.72 +0.41a 12.47 +1.01a 8.62 +0.36a 14.82 +2.31a 19.62 +1.51a
32 15.66 £2.21a 11.55 £1.62a 11.88 £0.17a 8.95 £0.40a 11.64 £0.71a 16.23 +0.54ab

2.2.3 xrSH31 REIZEF Ca™ &FW¥rh £
FW]:Ca ZEMIA JCVE 2R SH31 4% 28 5 H BV B 4
At g, RO HE, 255/ A AL 3 [R) 1) A8

KR ZE M Ca®t SRy H X BE AR b FE 8 d
i AR Ca® " S5 16 d If 2 F B35,

%4 NaCl 3] %R ERME T SH31 REERGL Ca’* &R0 mg - g~
Ak FRI []/ R ES I
d CK NaCl NaCl CK NaCl
0 10.12 £1.26a 10.12 £1.26¢ 1.98 £0.33a 1.98 £0.33a 12.25 +0.78a 12.25 +0.78a
8 10.11 £2.38a 8.89 +1.47hc 1.49 £0.13a 4.13 +0.42b 13.57 £2.55a 13.51 £0.90ab
16 8.64 £1.48a 6.98 +0.71a 4.35 +0.54b 4.63 +0.30bc 15.78 £0.61a 14.83 +0.60b
24 9.82 +1.32a 7.44 +1.39ab 4.24 +0.46b 4.52 +0.40bc 15.46 +1.58a 14.92 +£1.80b
32 10.74 +1.70a 6.72 £1.06a 4.82 +0.30b 5.24 +0.76¢ 14.13 +0.59a 13.11 +1.34a
2.2.4 3 SH31 RRBE P K /Na’ #yrbfieg o WONZE BRI/ DR AR, H K /Na™ 7/ 25 if

Na ™ S Fiz %?%*EWTLXT%WJLE’JEEEL%JW
WS, K*/Na® LR 2 8 20 5 A 45 A
5 B BEE AL E R IE R, S E SR A E R KT/
Na " PO TR, Hor, 19 K*/Na ™ B IE fOR, H

MIRETE S X RS 22 S 2 Ab 3 8 d )5, X AR
22 i KT /Na® FofE 20 i AL B 3. 38 4. 13,
2.454% KbPR32 d 5k 4.78.7.5 .10.4 1%

%5 NaCl H%KR ERME XS SH31 REIERAL K */Na* By 200 mg - g
Ak FRI []/ R ES nl

d CK NaCl NaCl CK NaCl

0 2.44 +0.06 a 2.44 +0.06a 15.15 +£3.01a 15.15 +£3.01a 16.56 +2.19a 16.56 +2.19a
8 2.37 +0.09 a 0.71 +£0.04b 12.97 £0.91a 3.67 £2.92b 17.71 £0.86a 6.75 +0.44b
16 2.04 £0.09 a 0.67 +0.05b 17.87 £3.25a 2.84 +0.36b 19.82 £3.07a 4.24 £0.32¢
24 1.74 £0.14 a 0.51 £0.06b 15.99 £3.03a 2.26 +0.06b 17.64 +2.17a 1.92 +0.24¢
32 1.96 £0.20 a 0.50 +£0.02b 13.34 +3.44a 2.02 +0.20b 12.51 £1.12a 1.59 £0.09¢




568 2 N = = S 7/ S %28 %

2.3 NaCl {1 $IREREX SH31 XASHW W EERAEE,

=AN| 0.35

——0(CK)

2.3.1 *f SH31 M & (T) %0 B 1 ], T o] oemact

NaCl 24005 e FE 31, 4% A0 TR Tr BTG T 4R, W 0.20

H 25 35 AP 14 K, Tr B2 B, Joxt IR i < 0.15

0.44 £%,28 d IF[A| T} X IR 0. 55 48, 15680 6 LB

SR 14 d A SH31 1) Tr SO 4000 14 d 5 % oo

0 7 14 21 28

AR

9 r
8 L
7 | =0 ——o0.6%Nac1
Tl :
v 5t
T4t
el
= 2
10 7 14 21 28
Joh e i) /d

BT NaCl YA Bt o SH3T i H ek 7r) OS50

2.3.2 3FSH31 &k A3k F(Pn)t%h  Pn L
TERAIE AR AL RE ST, TR R A T e A )
PUEPER AR BRI AR S o [&] 2 F B NaCl 41 il e 1
JiiE T FEALFR AT 7 dPn R R BB, o REAY
0.401%,7d Z2)5aEMHES.0~6.2 pmol + m 2
s A B X MR ) 2 S XA

18
16 | ——0(CK)_——0. 6%Nac1
14 o
12
10

0 7 14 21 28
eI [R]/d

Pn/(pmol *m?est)

K12 NaCl 4| B2 0 SH31 i 7 it & 3 (Pr) BRI

2.3.3 3 SH31 A3LSE(Gs) e  [K3 £,
NaCl P4l BE e, AbFREY Gs 4% T X1 B8 IF
Wi 6 () P A B, AR AL BB T R o B
1%, 4 0. 04 mmol - s ZFIEI}# %14 21 K
B Gs 435124 0. 10,0, 12 mmol - - s A28
KB X2 0.078 mmol + m™ o MEEX#H@IEH
Yi2a 5 B 14 d 5 RR Y 25 SRR, R x BRI
0.33 %,

2.3.4 xt SH31 jaia CO, sk E (Ci) 8% m K4
FU AL X IR Co AL AR R ST S, 14 d
Ak B e i, 6 HRS AR BRI Ci 2351 294 281 wmol
em2 s LhEE21 .28 d B, ANFRE Ci ¥R T

JiE il /d

B3 NaCl Al e B2 X SH31 I 7S AL S BE (Gs) (520

w
o
o

[ ——0(CK)
——0. 6%NaCl

s

300

N>
=y
(=]

Ci/(pmol *m?2e
n
(=3
(=]

—
=
=4

o

7 14 a1 28
JHri i 1] /d

P4 NaCl il B P xf SH31 i
JHaIa] CO, WeIZ (Ci) HIR M

3 b5t

FEYI T ER WL AL B — > T . — 7 T A
WIS R U0 B - 1 W e S IX Bk s 55— AL )
2L L aa H’JE%W&H R B FAEAL R N 1)
R AR R AR, ShHSa AT 8 d
Na* I %E*Eiﬁ i B & a8 dJE, i
i Na™ & B W PR FrRa e, Ui b B39 Na™ & &
BT, B SH31 78 W6 47 30 3 2 bl AR 0 R i
T MR Na ™ FUR B —E HE 5 5 R 2
WL X SR TR PSR g R B, AR
R ZETEM AR A, A R s iR
A 2 B R B T o R
SH31 ZEF A T ZM Na*  IE—ERRE LIl T
Na* %M H B0 %, xS e Bk S F o
LER 3,

et Na * FERY 1R P9 B 4 80 Tk 4, 1A

L, VRS At - R R AR A fe B AR N S TR S
A B — R EE TR EANE R P R
B, BRI FERGORR N R K T RN L B
HATRER VB K S . ARFsEd, SH31 AR
S KRR, R K T A R
P TR Na® (s i, S dh  HE 8 2 B3R



54

T ARSI G R SH31 B TS = SOt AR R 569

G T, Sk E K58, Na™ 55 F+
B, KT /Na® P g it ™ AR H A 19 K*/Na ™ 5
Wy b MK P B IE AR S o AT R, BE SR B
SAFE] A E K, i R K /Na ™ (R ARG R 2 ok,
MR AR /)N, 5 B LU AN PR AL . UERAAR R X 51
AR RO, SR il AR R 4EHE K/ Na ™ -4
(9 B R TR L PR R R 2 —

Ca’ " VE M55 00 T2 S A YRR W38 (4 w0 7
0T, Na ™ B9 TH 52 3L Ca® " R R, Ca® " HE 1A 1Y
FRAREES & 28 E A9 Ca®" W AU 20 AT fE S Na*
XA P A T 5 7 4 B PR 22— 8 A R
FRIFTE & B, Eh B3 T, Ca® " ZER A fb A K, Ca®
FEAS TRV 4 A AT DA [] T B 2 A 0 i e A7 A
ZESEI RIS ASHFFEEE T NaCl 20 vk
e R, SH31 AR 25 b Ca® " 4 RS TR AR, 452
RERS T B4R FF A0 19 Ca® " Al , W] BB SH31 fiif £h
PRz —o

R e 51 B i Wi e S AL T BRI A )
AR S — Oy TR e S E R K Bk
S EUEA AR EAR s MR T, Na® e S
WE BRI EH RO ERY . AR
W, SH31 M F 1) Pr Tr Gs | Ci Y56 &R W3 36 B[] (1) 4E
KFEAS, 7 7 d X Pn g K, ZJ5 Pn fRE55
L IXATREE B TAEYAR N Na® K™ P fg I A 2
M5 Pn TR, WMEHET 14 d,SH31 if iy Ci 5
Xt B 25 S S O P R R R AE T AL
BRI 521 d J5, Ci I 5] B4 42 < 17 328 7 25 T 0 R, 36
R a0 JE BIEHE AL R 2 R EDE A E A E N
%, X 5 WRE T XA o gsie—8 .

TR Py e £ 35 B & 0. 3% B E &7 345
EORT 0.5% Wik Afe e K. AwFse 0,
SH31 HLAesm i i b v, il Wk B2 3k 0. 6% , H.
HR 25 P rR Na ™ 55 5 g 3508 0, Ui BA AR 4 (R AR B ]
DAl FRE — s ryEh. UL, Wi Jo i & SH31
FEA G PRER ety TR ELA — o 1 0 T

B3k

[1] S AR, A bR, % SR SR NaCl it T 6
FRAN B A R HE RO B [T ], B 25 97 5 K, 2007, 13 (6) -
1105 - 1109.

(2] S5RRIT A0 0 E A, % . T W Ot 6 P 088 b 0 T
GELI]. PISEITRHEE 54255 ,2005(10) :15 - 17.

[3] SKEREE MR BE , Frans Makeschin. e 6 k7 6 1 3 i A
A KA SRR HERO AU ). K (24,2005 ,19(3) 1125

-129.

[4] 5HE, SRR, NaCl il T HTE A R 48 B P 20 A S £
PLRIAMAT L] . A EE 4R, 2013, 35(3) 138 - 42.

[ST R 3¢ T Excel BAFIHREEBEIER ] NPT ERREY:
#2,2010,41(10) ;914 -916.

[6] Esili, Mark. /A Frh Na® K* S8 e e [J]. 8
Yk IR, 1995,31(1) 151 -52.

[7] Shi H, Quintero F J,Pardo ] M, et al. The Putative Plasma Membrane
Na*/H™ Antiporter SOS1 Controls Long-distance Na* Transport in
Plants[ J]. Plant Cell,2002(14) ;465 —477.

(8] ATHEIN, R A, 5 A, 45 SR 38 X S &l O & A 3 R
SRVOCHRERSZ W [T]. Mol B4 5F 5, 2009, 22 (2) : 200
-206.

[9] Bernstein N, Silk W K, Lauchli A. Growth and development of sor-
ghum leaves under conditions of NaCl stress[ J]. Planta,1993,191
(4):433 -439.

[10] fEZM, FANI, B DI, 55, SRIMM 8 X0 A6 1 A 1 SR T

HhL Na® K* Ca®* Mg " 85 F TR A B [ 1], Adubk
MR 2244 ,2011,39(5) 224 -27.

[11] Wang S P,Guo Sh R,Hu X H,et al. Effects of NaCl stress on K* |
Na® and Cl-allocation in different organs of cucumber seedilings
[J]. Chinese Journal of Ecology,2007,26(3) :348 —354.

[12] Medt A= scal il 30, 4. SRI0h 38 X il 22 4y v AR 4 S s 1
W - g (], ROl 4%, 2011, 39(17) 10317
-10320.

(13] a9k B,k M, 8 il R a8 X BRR Na ™ (K R4 A A
MR R VORI )], LR, 2008,36(29) : 12566
-12570.

[14] Ayolié K, Yacoubi E H, Atmane R,et al. NaCl stress-induced growth,
water and ions contents changes on in vitro selection of salt tolerant and
salt sensitive callus of wheat ( Triticum durum Desf. )[J]. Internation-
al Journal of Biosciences (1JB),2011,1(4):12 - 25.

[15

[

Hassan 1 A. Interactive effects of salinity and ozone pollution on
photosynthesis, stomatal conductance, growth, and assimilate parti-
tioning of wheat ( Triticum aestivum L.) [ J]. Photosynthetica,
2004,42(1) ;111 - 116.

[16] wmgel , XA, 2 se i, 4. JA G5 FLP T 2 A B 4% 5 8 A
FAMEEEH[T]. mEARMIR 2007, 17(2) ;180 - 184.

[17] Mass E V, Grieve C M. Sodium-induced calcium deficiency in salt
stressed corn[ J]. Plant Cell Environ,1987,10:559 —564.

(18] TR, KT AL, My i, 4. e R0 3 Xoh 25 A R AR & S g 11
iy [J]. R AR, 2010,21 (2) 325 -330.

[19] R, KHAR. NaCl XHOEA1E Mgt (1], Y
£ ,1999,16(4) 332 - 338.

[20] Gramer G R, Lauchli A, Polito V S. Displacement of Ca®* by
Na* from the plasmalemma of root cells[ J]. Plant Physil, 1985,
79.207 -211.

(217 T FE, 4 WL, akEE, 45 NaCl i xd 0 4 i i Fr kK 3
e ER B Na ™ (K ORI B s2ma [T ] Mol B4R,
2009,22(3) :428 —433.

[22] kAR MW E IR A S A M2 AL L 2= I M. Jeat. o E R

H AL, 1993.



