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Studies on Physiological Mechanism of Salt
Resistance Improved by Silicon in Cucumber
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Shaanxi 712100, China)

Abstract:In order to clarify the mechanism of silicon enhancing plant salt resistance, Cucumis sativus L. cv
‘Jinyou No. 17 was grown in the hydroponic solution with silicon and NaCl. The effects of silicon on
growth, photosyntheisis, osmotic adjustment and ion accumulation in cucumber seedlings were investiga-
ted. (1) Application of silicon alone had no effects on cucumber growth, while it partly reversed the salt-in-
duced reduction in plant growth, chlorophyll content, water content, photosynthesis, stomatal conductance
and transpiration. (2) The osmotic potential of silicon application was lower at beginning of salt stress,then
became higher than salt alone application. Meanwhile, the osmolytes, especially, the sucrose levels, but not
the proline, were significantly increased than that without silicon application under salt stress. The soluble
protein content was not affected by silicon application. (3)Na" concentration was increased while K™ con-

centration and K /Na' ratio were decreased in salt-treated plants. While, this tendency was partly reversed
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by silicon application, especially in the leaves. It can be concluded that silicon application decreases Na'

toxicity and improves the water status in plant, which allows a higher photosynthesis and growth rate,lead

to salt tolerance. Osmotic adjustment, which has little effect at the beginning of salt stress,is not the main

factor of silicon improving the salt tolerance.
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HEEWEMEREENRERN T2 —, 1
il B 2 R E R R R R
XX W) 3 S O 38 RN B B PR O TE 1Y R
TG R R R R B S R ) 3 S A T 5 e A
YK o3 W S E R FI I AR K SR T Bl 2R 8 1
TEM R rpog e R B R R DS R E FIR
A BB 2 R BT M R R ET

ik (SD 2 M 7 H ALK TR 58 — RoT R, R
BRI LT IR R WO RE R 2 4R 4K
PU 2 Bl ) R A 0 3 5% T 38 0 RE 0L I RE R
KA A KRR R G 2 R P i pT R
REJT . HHTOC T RE 52w A Bk n HILBRE 32 2598 )2 LA
TILA T AR R H -ATPase fI51E ; e f5
Fr 888 e & K R DA K oy ik an s e R ARAE AR R
T P Ak il 2 St A/ A 3 i oA U 2 N g W G ] 3y
RS R IE Y 5 R AR ) BRI AR 0 AT U D R
e 5 R A 18 M R0 . T L R R A
PLERBE A Em L Y IR EE R 2 5 1
P tE BRI 5 AR B H AR A Y 4 2R B R AR
WFSE LERCTR AN S X ik 2 5 1 A BRAC G 3 55 P B ik
N .

w5 N (Cucumis sativus L. ) 52— Fp i AL 38 B AN
JZ AR B SR R T b B R AL X R
R Sl 0 O 58 HL BT R M G B A AR
6 R K B 05 0k B &)y f 0B AT o B2 R Bk . F 50 0t
F 0 B T4 B AR ROIR B0 Y 52 0, I 38 2k A O 38 A Y
W, NBERT T8 H O oK R0
S5 77 W e B o &l B BT ER BE I B9 T LA

L APRHAT i

1.1 #RESF

R T 2013 4F 5~10 H 7E P4 db A kB4 K 2
KA PREFFHEFERT N TR Be R % 47, DL BN i A
EL T ORI R AR ML B A BR A B AT 5
Pt Rl b . B RFR T 1% NaClO 4 # 20
min, 7&K ER G, B TR JE 4K 1 28 C 2
24 ho iR FEE AR THRAL SR AMTE
LB 25 C~30 C, &I/ 18 CT~20 C,BAN

B, FRAhT 7 BV IE Pk K 35— B0 feth Ak
FERET 1/4 HAS IR 8 K F2 1) (pH 6. 020, DY
RS B3 d ik 1 BRI WA
1.2 XIgabE

gHAE 1/4 HA IR 8 NE RIS 3 d G,
WL B A W B 0. 83 mmol/L &R (i
Na, SiO; « 9H, O 28 B 128 e A il 49O 1 8 32
L AEK S dJS. Y H 2100 44 A 1/4
H 2 1 e 2 I 7 R P R AT R [l Ak 3 R B O
(1) %t B (CK); (2) 65 mmol/L NaCl (£ &b ¥,
NaCl); (3)0. 83 mmol/L 7 g (hk4b 3, Si); (4)
0. 83 mmol/L &8 Fl 65 mmol/L NaCl (fE i £k 4b
I NaCl+Si), 45 FAHE 1.5.3.5.7.5 d R
FE AR il S 53 A 8RR AR T I i E T — 80 °C
VKA IRAT . ALERII )5 2 d He 1 IR BE TR K. B R T
0.1 mol/L HCl 5% KOH #i75 pH } 6.0,
1.3 MELIRSHE

FAPEJG 1.5.3.5.7. 5 d, &> 4b 38 jE AL 1% B
15 BRI T, 43 R i L 25 AR =30 43 0 L A R
AP 4 BCTRE Y R A i A A e s R A L
6400 XT f# R 64X (LI-COR,2012) #1706 &5 2
O 5E s 2 BN KT S B R A R K R
R # R M % E WESCOR § £ % & JE X
56008 FEAT I 2 5 R FH /K A Bl = W3 HE AT i 2 1
B A2 s R L G250 Ye gkt s al
B R O R R AR S 0 i R 48 (HPLC; Shi-
madzu, Kyoto, Japan) "™ JE47 1] i MEWE & 5 40 BT 5 oK
FHECF 0 A 43 606 B I 5 i R4l ¥ ik e Na© |
K™ &,
1.4 HiELIE

>R FH SPSS 20. 0 # A i X8 1 IR 2 & b ik iF
T8RS 1T 73 B, Sigmaplot 12,5 8RR, &% 1
IKBE R a=0. 05, B - Y SR 2% .

2SR50
2.1 BHHBETEMYEHERNEESEN

A

B 1 BoR . JCER e i, hnai A 3 (SO Y B R4



990

[ N 7/ B

i 34 %

HiAE W) R 4R R S A A5 AL B R ) 3 5 )
(CK) L # 2 5., £h AL H (NaCD F &k fin 3 40 B8
(NaCl+ S B R4 f (9 fif AL AL 1.5 d 5
CK JC i % 2= 5 Wi J5 35 38 25 FRAIK . LB 8] 8K R AIG
g 2 TR K 5 (] o, 94 Ak B 40 T SR R R AE R
AFE 1.5 R 3.5 d B XTI 2 L B X
TR ERRAC, Hop L han 7.5 d 5 Rk kb B4
21 vk TR A 2R e AR A FA 4y ) N T
23. 0% F1 14. 7% (P<C0.05), LA &% B8, ik
XFTE 41 B R &l i AR K TG 252 e H B A AL
AEFFER A T A R R E A R — R
JE 5% ik 6 38 0 v TG B 0 A A

Ak X £R B3 T BN 1 A K SRy

2.2 BEXHBPETERYDEHLEHENZME

H 2 1 0] DU i A Ak BE (Si) B I 4 1 45 B
WG A 3R (P AL BE (G R Z8 i %
(THY)EXMCK) LR % 2 5. A (NaCD i
fE &R Ak P (NaCl—+SD 2 K& 1 19 P, #6358 a0 b
FR 7.5 d X L BRI S AR (H Rk fin R AL B 2
TR AL B W, PR B G, R T, 7845 SR W af
19135 I 2K T 0T B LR A B 2 B TR) A K T 4
T e B AR RE R Ak B A P 3 AL 3 3.5 A 7.5 d

3 v TR AL B Eh e b PR 7.5 d e, A Eh ab
BRI W ) Po.Goo T, 43 5 b B8 00 6 4 PR 38 in T
37.3%.125% 146, 1% . a] WL, jifi ik % 1F #5048 F B
W NaCl [M NaCl+Si
30
Tcn .
dgzs a2l
=Zs
S
5
Lo 1.5 3.5 7.5
VPR

Days after treatment/d

[ 399 AN 7] < B 7R A L] E 0. 05 7K P AF7E |36 M 25 5+ ;TIEJ

OcK M Si
251
e a
7 20} -
w8
% o 15}
:':—"Q/D b
=210 aa c
\‘g Wb
5 5 | aaaa
0
1.5 3.5 7.5
SUSLEPN
Days after treatment/d
K1
Fig. 1

Effects of NaCl and silicon on the biomass and chlorophyll content of cucumber seedlings

The different normal letters in the same stage indicate significant difference among treatments at 0. 05 level; The same as below

F1 EXNHBETERYELEHENZ N
Table 1 Effects of NaCl and silicon on gas exchange parameters of cucumber leaves
Ak B i) b ¥ &P ey Lz wﬂ@& 7RI R
Treatment time/d Treatment P,/(pmol - e s G,/ (mol * e s T./(mmol e m— %« s 1)
CK 10.6+0.8 a 0.9940.67 a 12.6+0.6 a
_ Si 10.5+0.5 a 0.9940. 66 a 12.940.6 a
1o NaCl 10.540.3 a 0.44-+0.60 b 10.940.9 b
NaCl+ Si 10.540.9 a 0.56+0.64 b 10.940.4 b
CK 11.84+0.1 a 1.0740.07 a 12.24+0.1 a
_ Si 11.34+0.1 a 0.97+0.13 a 11.840.1 a
50 NaCl 11.1+0.1a 0.50+0.12 ¢ 9.0140.01 ¢
NaCl+ Si 11.1+0.1 a 0.81£0.04 b 10.5+0.1b
CK 10.64+1.2 a 0.51£0.95 a 5.21+0.41 a
_ Si 10.5+1.2 a 0.47£0.84 a 4.81£0.29 a
ro NaCl 6.77+0.89 ¢ 0.0741.09 ¢ 1.314+0.19 ¢
NaCl+ Si 9.29+0.96 b 0.17+0.93 b 3.22+0.46 b

T« 15 50 B BT WA B8 AR ) /N5 7 B 2 7 [l — 300 ] — I ) A [s] Ak B8 ] 2 S 3% 0. 05 8 7K OB IRE E L ED s T .

Note: Within each column, means followed by the different lowercase letters are significantly different among treatments by the Duncan’s

multiple range test at 0. 05 level; The same as below.
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Fig. 2 Effects of NaCl and silicon on water content and water use efficiency of cucumber leaves

R2 BXNBEPETHELAHRZERREZEATYRSEN

Table 2 Effects of NaCl

and silicon on osmotic potential and organic osmolytes content of cucumber leaves

LT A " A] % # B & & Soluble sugar content/(ymol + g~ 1) AT A B AR R ?%E%(I.I/n)
Treatment LR 1 ” o4 Soluble protein  Proline content ()Sm()T.IC
time/d Treatment g Spk kL K content/(yg » g=1)  /(ug s g—1) potential
! Sucrose Fructose Glucose Total /fugt e /gt g /MPa
CK 18.5+2.7¢ 25.4%2.0c 43.9+£3. 87.746.9¢c 23749a 150£24b —0.7440.01a
Si 17.2%£0.9c 22.3%1.9¢c 37.340. 76.7£2.0c 241%1a 152£23b —0.71£0.01a
1.5
Na 29.242.5b 33.9£5.0b 41.3+6. 104£9b 222+ 2a 212+32a —0.9340.04b
Si+Na 44,6+1. 3a 50,644, 7a 67.846.5a 163+9a 228+ 18a 147+7b —0.9540.02b
CK 2.6240.32¢c 3.7540. 26a 5.69%0. 20b 12.1£0.7c 223+ 6a 83.943.1b —0.6340.02a
Si 2.31+0.12¢ 7.26+0.18b 9.21£0.73b 18.84+0. 9¢c 230+ 8a 98.14+4.7b —0.6240.02a
3.5
Na 34.4+5.7b 6.49+0.70b 10.2+2. 51.147.9b 195+3b 118+12a —1.0340.05¢
Si+Na 48.3+2.6a 12.0£1. 5a 26.0+4, 8¢ 86.4+8.5a 202+6b 91.4£2.8b —0.93%0.07b
CK 11.440. 3¢ 14.5+2.7a 23.0£5. 42 48.8x8. 1c 261+12a 108+5a —0.73£0.01b
Si 11.240. 4c 5.1240.52a 24,041, 4a 49,9414, 6¢ 261+13a 102+10a —0.6840.01a
7.5
Na 16.142.5b 15.042. 8a 14.741. 75.9+4.6b 226+8b 94.249. 3a —1.0640.04d
Si+Na 51.74+1.0a 19.0+2. 8a 21.5+4.3a 92.2+8.0a 230+13b 74.7+5.9b —0.9840. 04c
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