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Effect of Silicate on Salt Resistance in Tomato and Underlying Physiological Mechanisms

ZHU Yong—xing, LI Huan-li, HU Yan-hong, ZHANG Tian-tian, HAN Wei—hua, GONG Hai—jun"

(College of Horticulture, Northwest A&F University, Yangling 712100, China)

Abstract: Tomato plant is a silicon—excluder and therefore an ideal plant material for studying the physiological and biochemical mecha—
nisms of silicon—mediated resistance to various environmental stresses including salinity. However, there is relatively little research on the
effect of silicon on salt resistance in tomato plant and the underlying mechanisms. In this study, the effects of exogenous silicate on plant
growth, root characteristics, photosynthesis, osmotic adjustment and activities of antioxidant enzymes in tomato plants were investigated in
salt—sensitive cv. Zhongza No.9 and salt—tolerant cv. Jinpengchaoguan under salt stress. Plants were grown in diluted Hoagland solution with
or without addition of silicate under salt stress. Under 150 mmol - L' NaCl stress, biomass, net photosynthetic rate, activities of antioxidant
enzymes (superoxide dismutase, catalase and peroxidase ), soluble protein content and osmotic potential of tomato were all significantly de—
creased; while the contents of H,0, and malonaldehyde were obviously increased. Additions of exogenous silicate significantly improved
plant(shoots and roots) growth, increased photosynthesis, transpiration and activities of antioxidant enzymes, but decreased lipid peroxida—
tion. The alleviative effects of silicate on salt resistance were concentration—dependant, with about 2.0 mmol ™! of optimum silicate concen—
tration for both cultivars. The present results suggest that silicon could increase salt resistance by enhancing root growth and water uptake,
improving photosynthesis and decreasing oxidative damages in tomato seedlings; whereas osmotic adjustment and decrease in transpiration
might not be the mechanisms for silicon—mediated salt resistance under the present experimental conditions. Silicon enhancement of salt tol—
erance in tomato plants suggests a potential application of silicon fertilizer in tomato production.
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2.1 EXTERAME TEMA B EMEMN T

W 1 FR, SXEA L, E W R A iR &
AANHT AR ZE A A T S48 R, AR S
I B A R TR RE AN, TR AR 9 SRR (25 AL
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L i MR o R . S5 Rl H
Rk AT e EER aE T Femn AR AR A
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SALRE, A E R e R R B TR (R
2) o JINRENG , X SEFEAR A AN R AR B 1T« S s e
TEREUR B4 2.0 mmol - L™ F1 2.5 mmol - L B 4G4
BRI H AR P IHIEE R, SRR A AE L
AR A B EFE T 165%F1 163% , 75 ¥ 854y
B ETET 283%H1 302%; HZ% 9 SHEREMRIE A 1.5~
2.5 mmol - L™ B[4t & ORI ZE 1 R b T R
F 1.0 mmol - L™ i, Eh il N AL EE T FERR 1 T
CO, [ M2 R%% , i NeEE—E R FIRE TR AL
SHE DT REAR T X6 A VE R S ALBR I, 7 R T 245
Fmnt BB R AR

& 1 EXEME TERTENZE(g)

Table 1 Effect of Si on dry weights of tomato plants under salt stress(g)

i Al Cultivar — ZRPE Treatment MU Root dry weight — Z5TH Stem dry weight I+ Leaf dry weight  F 5 Total dry weight
LN ek CK 0.458+0.158a 1.467+0.368a 2.448+0.634a 4.373+1.079a
Jinpengchaoguan Na 0.235+0.089d 0.648+0.115d 1.071+0.242d 1.954+0.303d
Na+1.0Si 0.307+0.076hc 0.77120.143be 1.444+0.324hc 2.522+0.411he
Na+1.58i 0.292+0.065¢d 0.657+0.164d 1.224+0.269¢d 2.173+0.465¢d
Na+2.0Si 0.361+0.077hc 0.772+0.129bc 1.408+0.330bc 2.541+0.498hc
Na+2.58i 0.377+0.082ah 0.983+0.169h 1.642+0.454b 3.003+0.585h
e 9 5 CK 0.373+0.140a 1.680+0.474a 2.519+0.793a 4.571+1.362a
Zhongza No.9 Na 0.209+0.056d 0.648+0.167¢ 1.098+0.289¢ 1.955+0.467¢
Na+1.0Si 0.27520.086bcd 0.80620.201he 1.399+0.333hc 2.480+0.628hc
Na+1.5Si 0.246+0.066¢d 0.691+0.221¢ 1.161+0.357¢ 2. 099+0.628¢
Na+2.0Si 0.345+0.095ah 0.958+0.300b 1.626+0.635h 2.929+0.839h
Na+2.58i 0.314+0.106abc 0.946+0.237h 1.796+0.297b 3.056+0.373h

T - [R5 A R RO AR AR BRI 25 578 5% 25 KFo T 1AL

Note: Values followed by different letters in a column are significantly different between treatments at 5% level. The same below.
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Table 2 Effects of Si on photosynthetic gas exchange and chlorophyll content in tomato seedlings under salt stress

o . fh 3 Holts JE# Net ?I?H%Fjﬁ_% FALFE Stomatal it e) A A ‘ 22 it Relative
i Cultivar Treatment photosynthetic rate, Pn/ Transpirational rate,Tr/  conductance, Gs/ Intercellular CO,,Ci/ chlorophyll content,
pmol CO,+m+s™ mmol H,0-m?+s" mol CO,m™ pmol CO,+mol™ air SPAD
4 M5 76 CK 10.192+0.164a 3.725+0.231a 0.212+0.008ab 150.3+4.2b 39.3+2.1a
Jinpengchaoguan Na 3.314+0.301d 0.855+0.144¢ 0.035+0.004¢ 58.3+5.0d 23.4+2.0e
Na+1.0Si 6.398+0.041¢ 2.767+0.408b 0.168+0.028b 104.9+5.6¢ 29.5+2.2d
Na+1.5Si 6.479+0.279¢ 3.004+0.644ab 0.185+0.042ab 105.8+2.2¢ 32.4+1.5¢
Na+2.0Si 8.768+0.538h 3.270+0.479ab 0.220+0.063ab 161.2+7.3a 35.5+1.2b
Na+2.5Si 8.705+0.736h 3.426+0.202ab 0.236+0.017a 146.2+7.1b 32.5x1.6¢
iz 9 CK 9.000+0.3776a 3.771£0.235a 0.263+0.021a 157.2+3.7ab 35.8+1.2a
Zhongza No.9 Na 3.638+0.160¢ 1.133+0.289e 0.049+0.018¢ 54.1+13.3e 18.3+0.9¢
Na+1.0Si 6.566+0.527h 2.616+0.471bc 0.159+0.045b 101.1£9.6d 27.0x1.6d
Na+1.5Si 8.251+0.226a 2.023+0.088cd 0.117+0.005b¢ 133.7£9.4bc 31.1+1.8¢
Na+2.0Si 9.169+1.555a 2.781+0.523b 0.187+0.051b 170.1+32.2a 36.4+1.5b
Na+2.5Si 7.561+1.335ab 1.755+0.367de 0.128+0.063b 120.4+17.4cd 31.7£1.3¢
3 REXTERME TE M4 E R R AR
Table 3 Effects of Si on root characteristics of two tomato cultivars under salt stress
< fiF 1 1 A B A4
ftflt Cultivar AL Treatment RU)(FE ”i:f;%cm Raol*iiiﬁ;i;/cmz ijctﬁiffnt/\cm‘* Averaifj??fnlfer/mm
4= M85 76k CK 3 512.0+332.9ab 747.0£118.5ab 44.6+7.3a 0.829+0.045a
Jinpengchaoguan Na 2 243.6+163.9¢ 488.6+£90.9¢ 20.6+8.5b 0.677+0.081b
Na+1.0Si 3 107.4+619.1ab 625.1b+81.5bc 22.3+0.4b 0.707+0.062b
Na+1.5Si 2 897.4+242.8bc 777.0£207.8ab 39.1+19.6a 0.753+0.088ab
Na+2.0Si 3 213.6+190.2ab 697.5+£128.1abce 28.3+9.5a 0.730+0.091b
Na+2.5Si 3 672.5+270.3a 859.2+115.2a 34.9+8.7a 0.876+0.050a
295 CK 3 259.3+137.2a 640.3+109.8ab 30.7+10.6ab 0.892+0.015ab
Zhongza No.9 Na 2 177.5+£305.9¢ 496.2+79.8b 17.7+2.0b 0.773+0.032¢
Na+1.0Si 2 385.8+689.1bc 600.1+197.7b 29.6+17.1ab 0.842+0.041bc
Na+1.5Si 2 211.7+£179.8¢ 605.3+94.9h 30.6+10.0ab 0.871+0.065h
Na+2.0Si 2 348.7+201.3¢ 660.7+£160.2ab 37.2+18.1ab 0.852+0.046h
Na+2.5Si 2 982.9+199.9ab 842.3+79.6a 44.7+7.6a 0.955+0.028a
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Values followed by different letters within a cultivar are significantly

different among treatments at 5% level. The same below
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Figure 1 Effect of Si on leaf osmotic potential of tomato plants

under salt stress
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Figure 2 Effects of Si on antioxidant enzyme activities in leaves of

two tomato cultivars under salt stress
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Figure 3 Effects of Si on H,0, content in two tomato cultivars
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Figure 4 Effects of Si on H,0, and MDA content in two tomato
cultivars under salt stress
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Figure 5 Effects of Si on contents of soluble protein in leaves of

S

A B
Soluble protein content/mg-g™ DW

two tomato cultivars under salt stress

AR AL o 3 B B B MR RE X T AR K R B
A —E WL HEER, Stamatakis SEPFFEUESE , i AT 2
FE T RS LR Ve B-HHE R
i W S SEPWIESY T AN R RER B i AR B
M, 235 L 2% BH 38 Bk B A R PTG Bt i AR S B
A H R FBERT K A3 AR, - B A fE v B 1
T, 7R SR AR ZEERNA TR, Al-aghabary 46>
H1 Romero—Aranda ZEP453 B EL 3] T A5 a X6F £5
BT FA AR . AR IS 2R e
TREATBEE AR ROR , 25 G A D
BRI, M AMEREWR EE S 2.0 mmol - L IS 2 73t 3k
JEIR T ) 8 S B8R B o 3 55 NP 4 SR (kTR B
2.5 mmol - L) A filr 22 55 , A] RE 55 Bl di FP AN [A) AG C
WA AT RE S R IRA R AN A G, T &8 e, A
AT RT AR UR R nT i PR RERR &L , DR L i p SE PR
P RE R M B 2L LU T H R RRER MR B/ MB 22
3.2 EEXPEASEZ A
HEVE R R YA K Y R, 5 m DA 3
FAHE AT AR NI e ™ & . 78
ARG H T8 2 AR RN T SR A R
HOGA A X AT RE SR RESGEER I E T AR K i
SR AL RN R AR 65 R D) A
XK, — ML N AL R T B2 i CO, {37 5]
BELRS:, 12 T3 BG4 AR I AR, ] CO, Rk 2 A2
AT SR WA OGS AE I N R TRALE &R
MEAE AL R P, FEASR S, R ihae fii
B B AL B R R] CO, ¥ B 18 (g 25 AT, T
FeE s R W38 AE AR A SCAL - FE R L) CO, MR (B 25 7t
o XSS R i e T A E R
F B T REAL T LR B A S, A oE 45 R ST
6T P 5 7 RN e i it Bl Moneymaker™ i A 5% 45 R

ANTF) PG H P iR TR A TR RR Y <AL
FE BT ER 38 T I TE] CO, ¥ BE BEA S0 5 78 35 i i
i Moneymaker S oy 7oy i K1 ERN T STER YIS RN I STE
[ IR Ah BEAS X5 JfLR) CO, 9 BE e AT I 25 51 jX 1
SERROR PR AR E MY A E ] SR
SALERA . X/NERBFRPER, ks T 5 5%
PE MR AR S AL R A G, B 5AEAL
IR A G, IF BAEA RN & B Ee i /R P AN A
I, AR AR B S5 B T RIS VE AL AT
RE A YIRD R 38 5 BE FIAR ) K 7 I 404 A
FAK Ji— I GRS SR HAR R R
R s A (K 1),

3.3 EESEMEKS &

X5 R BT E A A 5 Az
AR A G o AR TR A, e SR A DT
A A 5T XUE J2 A 1 B AR AR B2 s, DT D2
AR B AT A AR ROK . A B K o3
ARG SR, Fry Bz i 5 A 2 A FAR N —3
g3, TCEARROAE IS 25 MR T REBCR LS . Gao
ST AR B0, AR 0K P 114 £ 5 225 1 R £ ot
JEREBA W, R EFR T FEMASLZE
[ o AR o REAC PR AT i 25 58 S Eh i aE il
- Fr AL ERZE I R (3R 2), AR TEAR
ST BRI R AT E A RS S B AT R AL
il , 335 7 i AR R BE ) AR — 2 I, AEAR U
ST RS S A B AR AR ZE B S A< 10 T iy T RE S
WA K BGEEA G, FEYIR T HER AR N K 7311
WA T HAR ZR 7K 53 W SO A L ) 258 19 2R K
Hattori S0 SIF5 2% B, 7K 43 ik £6f 1 3 414 7K i BEL
B TR, AL AT P 2 R E R = S A K R
1 AR B FR K S WOSCR Gz B, DR T 4ERR 1 AR Y
KOV St VRPN, P FEACR TR S50
T, FEACFRATREALHE T E A T A AR K A,
TP UE 5 7 M A AR i T kA
Yyt 7K o34 o

MR ARFAE AR Al R GRIEIFRSE ) B 4%
S R ) ) 7K 53 AN R SR . FEIK AR IEA T,
Chen S50 BAMEAE AT (2 KRR R AR K, 2RI
SRR AR R R TR AR R 10 s BN b ok
WEFN LR FEER AT | Lee S5 1E , A1
V5 T 2 SR A T R AR R R Yin 452
WAHGE A3 = = AR A A= P B R i, (HH
HIA SCREXTEh 38 T AP AR I8 25 2w 5 T B 052



RN, S - R AR G A B 00 5 2 B 219

B AHIRTE B, 55X BEAH EL , S e T A S R
TSR A B R E R R BURT-2 EAREA Fr
R, T INAE S X S 2 4500 (B 3 i v, R A EVR 1Y)
REXT R 038 TR 2R A KA —E e VE . Rk
XA Z AR R A HEAE I K o R I oG R A I
MR UEAE AR A A2 KRR A5 . 340, KL 7
FEYIAR 2K A3 b e G VR o Liu S8HO50
WFFE R BN, Gk AT L AL K 73 TihaE T 5 AR R K LR
P P 08 T AR R 7K 0 PR IR LA L DA T 48 8 e SR 7K
SrIEIRE ST o Fleck SR B, fif I 45 R /K AR R 11
ARG FIAKR A, , H- L AH DG I PR 1 2235 o SR i ke
SR T SR aa S AR R KL IR
FEIR MR LA 3 MRS i e it — 2B B, BT 2 AR
FR AR A5 R 1 AT BE S ) 5 R DG IR DR 3R Yy R 4 S
BRGSO OC RO RRR VT

B a8 AR P E X A v R AR 2R
TEER T REME AT YIS BRI T A
FITFAED AR Sy AT E 55 . BEHT
FE B ST TR RGN, AR, 3
ISIER Sl N iob Sive ARV I N IR = Wt
BERBERS(E 1), X R R e T ke
PR B BRI AR A T BE SR M R I A58, BIRE
FEARE B E P RS S R B . SR,
Romero—Aranda® &£ 4158 % B0, Eh Wp30 AR T &
RGBSR, e R (82 iE Halt— 2 R A
T4 = BRI A T i BB e T A B T AL 2R
WCRPREREK 43 XA 5E 25 R 1Y) 22 S5 T e 5 i FH ) 2
T AN A G, BB RTA fRilE— DR 5T
3.4 FEREEHRI SRR

YR P AR T R S (UL (n
SOD ,CAT.POD ,APX ,GR 4§ ) fl4it & Ak ¥ 5t (a4 3k
IR AP O IR B v Pk S 3 B A E TP 7R
A ST TR R I B RGN, AR R A
FE BRI F- Bl ar , SEGE AR R . R
SRR T AN RIRR T R 55 K4y T I 454, J: 3K
B REAR gL AL, (A 2 2 G E M AR R
B, BT s AR A T e an i A EAS [ ek
PIATHEED SOD W1, {H CAT F1 POD {5 P Bl AE vk 5 il
At A AN R T SR AN [R] A AR fh R A (] 2) o ERIEhia xof
AR SE A — DR e R, SZERD
i o B b R B) S5 PR 2R A5 . Liang S5 5y 30
A4 SOD \CAT APX Fll GR {36 M, AR ER il
TRFEM RPN L A AL 0 Zha SEE R a5

JRH A SR FEXT CAT Y& PERI I, I XA
[ 47 4 A T P49 352 i S 0L ) o o [ R Ak B s ) 7 25
5t ; Al-aghabary S5 W], fif P 42 g R 08 2
FiPtE ARG SOD 1 CAT f3% 1, (EFEMK T POD fiy
T TERIE AR k. SOD .CAT F1 POD & P:/ T+,
A BT A (I H,0) AR R (K] 3) ., N
FEERE i A R Sy, L i R R RS A Ao A A R
FE— AT ELFR IR AR IR () SR e S5,
AR PR R i R R CE] 4), R AT P R
SRBHETE(ES), DL ESERE, —EWREm
Fok T 8 i 0 AR P S BR R T BRI AR T RIS 4
DIRESr T WAL 0, 28 f b o SR AR 1 10 5

4 g

HMIEAEE XS ER I A 4F R T i A A 3 A i
PEVERT, i i) A PR AR AR SR W B O 2 mmol - L7 7
Ao fik AT E (2 R AR AR A R A IR R A e
7B 'G5 1 FH R AR R 4 SR A 5 R 2 s HLE
FRE B BT 5 AR AN R KA AR 2 F T ik
VTR LI

SE

[1] Guntzer F, Keller C, Meunier J. Benefits of plant silicon for crops: A re—
view|[J]. Agronomy for Sustainable Development, 2012, 32(1):201-
213.

[2] Heine G, Tikum G, Horst W J. The effect of silicon on the infection by
and spread of pythium aphanidermatum in single roots of tomato and
bitter gourd[J]. Journal of Experimental Botany, 2006, 58(3):569-577.

[3] Ming D F, Pei Z I, Naeem M S, et al. Silicon alleviates PEG—induced
water—deficit stress in upland rice seedlings by enhancing osmotic ad—
justment|J]. Journal of Agronomy and Crop Science, 2012, 198(1): 14—
26.

[4] Shi Y, Wang Y, Flowers T , et al. Silicon decreases chloride transport in
rice( Oryza sativa L.) in saline conditions[]]. Journal of Plant Physiology,
2013, 170(9):847-853.

[5] Liang Y, Zhu J, Li Z, et al. Role of silicon in enhancing resistance to
freezing stress in two contrasting winter wheat cultivars|J]. Environmen—
tal and Experimental Botany, 2008, 64(3):286-294.

[6] Wu J, Shi Y, Zhu Y, et al. Mechanisms of enhanced heavy metal toler—
ance in plants by silicon: A review[]J]. Pedosphere, 2013, 23(6):815-
825.

[7] Liang Y, Sun W, Zhu Y, et al. Mechanisms of silicon—mediated allevia—
tion of abiotic stresses in higher plants: A review[]]. Environmental Pol-
lution, 2007, 147(2) :422-428.

|8] Parida A, Das A. Salt tolerance and salinity effects on plants: A review
[J]. Ecotoxicology and Environmental Safety, 2005, 60(3 ) : 324-349.

[9] Zhu Y, Gong H. Beneficial effects of silicon on salt and drought toler—
ance in plants[J]. A gronomy for Sustainable Development, 2014, 34(2) .
455-472.



220

R S it Y 34 EFE2H

[10] Gong H J, Randall D P, Flowers T J. Silicon deposition in the root re—
duces sodium uptake in rice( Oryza sativa L..) seedlings by reducing by—
pass flow[J]. Plant, Cell and Environment, 2006, 29(10):1970-1979.

[11] Tuna A, Kaya C, Higgs D, et al. Silicon improves salinity tolerance in
wheat plants[]]. Environmental and Experimental Botany, 2008, 62
(1).10-16.

[12] Liang Y, Zhang W, Chen Q, et al. Effects of silicon on H*-ATPase and
H*—PPase activity, fatty acid composition and fluidity of tonoplast vesi—
cles from roots of salt—stressed barley ( Hordeum vulgare 1..)[J]. Envi—
ronmental and Experimental Botany, 2005, 53(1):29-37.

[13] Liang Y, Zhang W, Chen Q, et al. Effect of exogenous silicon(Si) on
H*-ATPase activity, phospholipids and fluidity of plasma membrane in
leaves of salt—stressed barley ( Hordeum vulgare 1..)[J]. Environmental
and Experimental Botany, 2006, 57(3):212-219.

[14] Gill S, Tuteja N. Reactive oxygen species and antioxidant machinery in
abiotic stress tolerance in crop plants|J]. Plant Physiology and Bio—
chemistry, 2010, 48(12):909-930.

[15] Saqib M, Zorb C, Schubert S. Silicon—-mediated improvement in the salt
resistance of wheat[J]. Functional Plant Biology, 2008, 35(7 ) :633.

[16] Soylemezoglu G, Demir K, Inal A, et al. Effect of silicon on antioxidant
and stomatal response of two grapevine ( Vitis vinifera L.) rootstocks
grown in boron toxic, saline and boron toxic-saline soil[]]. Scientia
Horticulturae, 2009, 123(2) :240-246.

[17]Zhu Z, Wei G, Li J, et al. Silicon alleviates salt stress and increases an—
tioxidant enzymes activity in leaves of salt—stressed cucumber ( Cu-
cumis sativus L.)[J]. Plant Science, 2004, 167(3):527-533.

[18] Ma J F, Yamaji N. Silicon uptake and accumulation in higher plants[J].
Trends in Plant Science, 2006, 11(8):392-397.

[19] Cooke J, Leishman M. Is plant ecology more siliceous than we realise?
[J]. Trends in Plant Science, 2011, 16(2):61-68.

[20] Zhang G, Cui Y, Ding X, et al. Stimulation of phenolic metabolism by
silicon contributes to rice resistance to sheath blight[J]. Journal of Plant
Nutrition and Soil Science, 2013, 176(1):118-124.

[21] Shi Y, Zhang Y, Yao H, et al. Silicon improves seed germination and
alleviates oxidative stress of bud seedlings in tomato under water deficit
stress|J]. Plant Physiology and Biochemistry, 2014, 78 :27-36.

[22] Katz O. Beyond grasses : The potential benefits of studying silicon accu—
mulation in non—grass species|J|. Frontiers in Plant Science, 2014, 5
376.

[23] Al-Aghabary K, Zhu Z, Shi Q. Influence of silicon supply on chloro—
phyll content, chlorophyll fluorescence, and antioxidative enzyme activ—
ities in tomato plants under salt stress[J]. Journal of Plant Nutrition,
2005,27(12):2101-2115.

[24] Romero—Aranda M, Jurado O, Cuartero J. Silicon alleviates the delete—
rious salt effect on tomato plant growth by improving plant water status
[J1. Journal of Plant Physiology, 2006, 163(8 ) :847-855.

[25] Yin L, Wang S, Li J, et al. Application of silicon improves salt tolerance
through ameliorating osmotic and ionic stresses in the seedling of
Sorghum bicolor[]]. Acta Physiologiae Plantarum, 2013, 35(11):3099—
3107.

[26] Liang Y, Chen Q, Liu Q, et al. Exogenous silicon(Si) increases antiox—
idant enzyme activity and reduces lipid peroxidation in roots of salt—
stressed barley ( Hordeum vulgare 1..)[J]. Journal of Plant Physiology,
2003, 160(10):1157-1164.

[27] Gong H, Zhu X, Chen K, et al. Silicon alleviates oxidative damage of
wheat plants in pots under drought[J]. Plant Science, 2005, 169(2) .
313-321.

[28] Stamatakis A, Papadantonakis N, Savvas D, et al. Effects of silicon and
salinity on fruit yield and quality of tomato grown hydroponically|J].
Acta Horticulturae (ISHS ), 2003, 609 141-147.

201 HE 77, 4% B, A i, S RERS AR SO B ER SRR
FRISZIR[T]. R 95 S IR, 2013, 19(2) :354-360.

CAO Bi-li, XU Kun, SHI Jian, et al. Effects of silicon on growth, pho—
tosynthesis and transpiration of tomato[J]. Plant Nuirition and Fertilizer
Science, 2013, 19(2):354-360.

[30] BEIAE, W57k, T 5B TOGE 1 A B AL S AL BRI [T, £
Rk, 2005, 25(4) - 80-85.

YAO Qing—qun, XIE Gui—shui. The photosynthetic stomatal and non—
stomatal limitation under drought stress|J]. Chinese Journal of Tropical
Agriculture, 2005, 25(4) . 80-85.

[31] Chen W, Yao X, Cai K, et al. Silicon alleviates drought stress of rice
plants by improving plant water status, photosynthesis and mineral nu—
trient absorption[J]. Biological Trace Element Research, 2011, 142
(1):67-76.

[32] Savvas D, Giotis D, Chatzieustratiou E, et al. Silicon supply in soilless
cultivations of zucchini alleviates stress induced by salinity and pow—
dery mildew infections[J]. Environmental and Experimental Botany,
2009, 65(1):11-17.

[33] Gong H, Chen K. The regulatory role of silicon on water relations, pho—
tosynthetic gas exchange, and carboxylation activities of wheat leaves
in field drought conditions[J]. Acta Physiologiae Plantarum, 2012, 34
(4):1589-1594.

[34] Gao X, Zou C, Wang L, et al. Silicon decreases transpiration rate and
conductance from stomata of maize plants[J]. Journal of Plant Nuitrition,
2006, 29(9):1637-1647.

[35] Hattori T, Sonobe K, Araki H, et al. Silicon application by sorghum
through the alleviation of stress —induced increase in hydraulic resis—
tance[J]. Journal of Plant Nutrition, 2008, 31(8):1482-1495.

[36] Hattori T, Sonobe K, Inanaga S, et al. Short term stomatal responses to
light intensity changes and osmotic stress in sorghum seedlings raised
with and without silicon[J|. Environmental and Experimental Botany,
2007, 60(2):177-182.

[37] Gong H, Chen K, Chen G, et al. Effects of silicon on growth of wheat
under drought[J]. Journal of Plant Nutrition, 2003, 26(5):1055-1063.

[38] Pei Z F, Ming D F, Liu D, et al. Silicon improves the tolerance to wa—
ter—deficit stress induced by polyethylene glycol in wheat ( Triticum
aestivum L.) seedlings|J]. Journal of Plant Growth Regulation, 2010, 29
(1):106-115.

[39] Lee S, Sohn E, Hamayun M, et al. Effect of silicon on growth and salin—
ity stress of soybean plant grown under hydroponic system[J]. Agro—
forestry Systems, 2010, 80(3 ) :333-340.

[40] Liu P, Yin L, Deng X, et al. Aquaporin—mediated increase in root hy—
draulic conductance is involved in silicon—induced improved root water
uptake under osmotic stress in Sorghum bicolor L.[]]. Journal of Exper—
imental Botany, 2014, 65(17) :4747-4756.

[41] Fleck A T, Nye T, Repenning C, et al. Silicon enhances suberization
and lignification in roots of rice( Oryza sativa)[J]. Journal of Experi—

mental Botany, 2011, 62(6):2001-2011.



