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Effect of silicon on water metabolism in maize plants under drought stress
LI Qing-Fang', MA Cheng-Cang"* , JI Bi-Jin’

1 Department of Biology, Tianjin Normal University, Tianjin 300387, China

2 Department of Biology, Huaibei Coal Normal College, Huaibei 235000 Anhui, China

Acta Ecologica Sinica 2009 ,29(8) :4163 ~ 4168.

Abstract; Silicon was a beneficial element to many higher plants. Silicon can benefit a crop by promoting its growth and
development, increasing its production, and improving its resistance to abiotic and biotic stresses. However, the detailed
and comprehensive studies on how silicon applications could enhance the resistance of maize to drought stress are still
lacking. Therefore, we conducted a pot experiment to investigate effects of silicon application on water metabolism in maize
plants under drought stress. The results showed that silicon application decreased transpiration rate of maize plants from the
early to middle stages of drought stress, but helped in maintaining a relatively higher transpiration rate at a later stage.
Silicon application reduced stomatal conductance under drought stress. Therefore, leaf water content and water potential in
silicon-supplied maize plants were higher than those in silicon-deficient maize plants. As a result, biomass of silicon-
supplied plants was higher than that of silicon-deficient plants under drought stress. These results suggest that silicon can
significantly reduce stomatal conductance and thereby decrease the transpiration rate in maize plants. Thus, silicon
application enhanced drought resistance in maize plants by increasing of the water-holding capacity and improving

water relations
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ol T R R S0 VAR A2 B T ke 3K A R R ZCR 2 R, e TRk T i F R AR R Ih BB F 2 i
RIIRIE . BB T RN T FME T EREA MRS BN ) 24 SOR ) 3 AR, BF5T
HEREXT T8 T AR K A 2R B R A AL S BN , S R38R R TR R MR SR,
A4 3 oK P16 T AR B P o

1 RS HE

1.1 Rt

BT 2006 475 W LHED T 24 Bk ae F HEAT , YEF ELAR 40 om BB IESL, B35 1 9.0 kg, K11
ok e 1, 138 pH6. 92, FHLE 7.5 g-kg ', &R 1.51 g-kg ™, HAHE 7. 76 mg-kg ', AP 140 mg-kg ',
HRAESS. 1 mg-kg ™!, A HKER 15.29% . DARSERE: \BEER — S4S MG ER S W SLAR , LARERRSP (K, Si0, ) YRk
HE, A EEBR SR BT 5| A B4R B NBRBRSF anis ™ o A AREIE — i A 13, 96 5 TR & 15 . MEIR)G
M5 139 pH H 6.96, % +HELBE LR

TR N 3 A (REAELL Si0, &) , 4 Bk ARk 15 44, 3 Si0,120 mg-kg ' 10 £, i Si0,240
mg-kg ™' 10 £, 33t 35 2. TEBUAWEHY —H“ B 2 57 FRFT, A 1.0 gL' 9 HeCL IR 10 min, 7§
1Bk spvk)E , TAEIEEREFRA P 25 CEZF 18 h,2006 454 H 3 HEM 4G4 20 b, B iR, 4 A 20 H %
PO, (B, B AR B RKE—BUOH 5 vk 50 ARYE 385 /K B4 8 B BRVE B kK AR R4 b 3 4 35
FkB—3, &R 50d J5 AT T ML .

FEMEIIFSE 15d(5 A23 B ~6 H6 ), TR Ml 58551 N CK. xR, [ 5 # K& 80% ~
90% ; L: 2 BE A , H 357K & 55% ~70% ;S T REMMA , H[E) 357K & 35% ~50% . M 3 AR B4
M AIER S ARG S AR NG, —ARIA S EXTIR, BT AR I 7 NMA0EE,5 IRE R . ikt
HFFFIAET B TS K B R EHUE PR, R AR E B LS K B ek, SA2 HS A
29 B .6 A 6 HillEHREERANSILSE H R 13.00 HH KBRS 4555 FF 5851 T 24
MTREH. 6 A6 HUHemn, IEmkaEmTE,

1.2 B

HEFRRERRIE R EUE 3 BRI . ZEMEHCR A S FL S B H #EFR A LI-6400 St4 1% (LI-COR 2 A, 3 )
M5, N 7:00 B 17:00,4F 2 h W5E 1 K. HABRBEMAAR: HEBHEM =3 FMBEE x7200 115, K
e BRI T HRE . KSR AN R E ™
1.3 G e:

FEE R H PR — S e 22 B BV T % .. HEinE R 82 1 Duncan KKH,

2 ZEREHH
2.1 EEXT T RMNA T F KA A Y & R

TR 8 i F KA R B B TR MR R AR Y B B T A MR, BRIE M EE T 2IE T
BRRTEAGRE T 31.4% ~32.4% F126.0% ~42.4% , T BEHHA T sk 240 mg-kg ™' E RS T E
FUMRE 120 mg-kg AR K 13.0% (£ 1) . EIMERE BIRE T T EMHa X E KA R FIE 0, 3 Hi%sk
P S HERE B 2 IE A
2.2 FEXS TSR A 18] FORAEAR IS 7K E UK Em

FARISE SR RE T , bRk 240 mg-kg ™' FRMMRM &K B 5 ThikE 120 mg-kg MR (REEH#I 0.51% , &%
BEFEH1 1.75% ,EREHH1 0.31% ,EREJG I 1.97% ) , TiMRE 120 mg-kg ™' F KA E T MR (R B+
#91.98% R H1 1.82% ,EEHH 1.40% , EHEEH3.71% ) o [FRE, HERSEREE T , Mk 240 mg-kg ™’
FRMERRM K H7 T HiRE 120 mg-kg ™Mbk, ikt 120 mg-kg ™' FRMMRE TAMRERR (£ 2) o XEELERYL
BAREAR B T KA AR K BE ST o
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F1 BEXNTEREpEHEEREREVENZIN
Table 1 Effect of silicon application on biomass of maize plants under drought stress
Jii Si & Si supply level (mg SiO, +kg ~'soil)

0 120 240
i H Ttem oyt
o i e BE R i e
Mild stress Severe stress ~ Mild stress  Severe stress ~ Mild stress Severe stress
BAPREETE Fresh biomass (g) 204.55a 79.36¢ 70.36d 97.68b 77.28¢ 94.50b 81.66¢
BPETHE Dry biomass (g) 48.02a 19.27d 15.21e 25.33b 19.16d 25.52b 21.66¢

FHARF FREFEREFIE 5% 8% /KF (Duncan K;%;)  Different letters meant significant difference at 0. 05 level; F[fi] the same below

F2 EEXTRIEHEERERM S KERK BN
Table 2 Effect of silicon on leaf water content and water potential of maize plants under drought stress
Ji Si & Si supply level (mg SiO, +kg~'soil)

0 120 240
Ti H Item *f R B WA 7B HE R HE
CK Mild Severe Mild Severe Mild Severe
stress stress stress stress stress stress
"t KR Leaf TR 87.53a 88.08ab 88.30b
water content (% ) Before drought stress
TR
Middle stage of drought stress 83.48a 79.32¢ 77.31d 81.30b 78.71c 81.81b 79.02¢
TRE RS 79.69a 73.20d 67.83f 75.02¢ 71.54e 76.77b 73.51d
Later stage of drought stress
H 7K #% Leaf water TE A R
potential ( MPa) Before drought stress ~0.647a ~0.613ab ~0.563b
A -0.797a -1.096c -1.201d -0.896b -1.021c -0.846b -1.006c

Middle stage of drought stress

TEENEER -0.996a -1.270d -1.469¢ -1.145¢ -1.269d -1.021b -1.190¢
Later stage of drought stress

2.3 AT R A A FORMEARZRAE 3 R B R R R
TETCHEE LT , i Ak T K B MR 26 i S 380K T AN Rk AR , R ek 4% 7K F =2 1) 26 6 i R TG B I 22 5% (A
la) , N HZEE R RIE (K 3) RFE , EEREFEIR E KRB HE R 6.5% ~10.0%

F3 BEXTEREMEHEEXREKBEBRRENZN
Table 3 Daily cumulative transpiration (molH,0-m~2) as influenced by silicon application in maize plants
Jii Si & Si supply level (mg SiO, +kg ~'soil)

0 120 240
i H Item Xif HR
o wE W BE R i e
Mild stress Severe stress ~ Mild stress  Severe stress ~ Mild stress Severe stress
s 152.18a  142.26b  136.89b
Before drought stress
TR e
Middle stage of drought stress 143.71a 116.50b 84.74d 110.95bc 85.90d 108.65¢ 81.14d
TR E R 146.46a 79.34c 52.34e 89.5b 63.86d 96.28b 73.11c

Later stage of drought stress

T F A I, 8 T ORAE AR ZE S AR T X R, MR TR . R REI A (R E M E
7:00 ~13:00; Z BEFIE 7:00 ~ 11:00) ek ) KA R 26 B 8 RAR T ARk AR bR (B2 B2 JipiE 9:00,11:00 Al
13:00,P <0.05, T-test; & il i st 240 mg-kg ™' 7:00.9:00 1 11:00,P <0.05, T-test) , |4 (#2Eif
15:00 J5 , A 13:00 J5 ) MM AR & T A e ek A Ak (E BEiE 13:00 A1 15:00, P <0. 05, T-test) (&
1b) o X EEEHIREREAR ERMRAZE M AR, REAEAR T A 28 B8 H 3R A T 2 ot T 4P B AR A R 3 3L
H-E KB RK SR (R 2) , N2 R A B R . M H 2SR RME (55 3) R R A T B AR L
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FaRRH TS K ERAUKEE S, TFRBRENFA S, (HHZBE ARG 3.9% ~5.4% . EEW

EHEREAR H 28 B S AR ZE R A B

TEbE e, e EORAEARZE IS 3 AR H 2R
SR T AR, M7EEEEME T, AR K E R
R R (K 1e, K 3) o XM THAHLRMEE
RS T T RURa R E R (& 1a, b) IR TR
KRBT , B Tihae B ) B0, e T T R A AR 5 7K
FK S B2 & T AR (R 2) , NTARIE T ik £ ORAE
PRAS R AR ARE , BB 22 RO AR I S K B 3
B
2.4 TEpHaE £ RN HARBR R ENZL

WA T2 38 1, ERAE R H 2R RE T
e, T~ ek gk 82 2 B JBE Tl 0 K T B A8 5 AN e AL AR H
HERRER TR . XS EbHE P, At
TEAEAR L 451 5% B 25 7K 4, i it ek A R K 23R DL AT 8 2
(F2). MBI HE 25 A A R H 280
PREMERFEE T W, T e ek AL AR B 24 350 280 1 K OF Y 26 1
(E12) o MHZEBRRERZARE , ikl i b 25
R T ERMERRIGRIKRE ST , PR RS T 5 o 38 ] 2
BRI FRRE
2.5 EEXTFORMEAR AL ERE R

B TR REAMUE ILREEAA K, 2 B
BOKERIRFN, B ABTTE T AL E S KRR E R
#(E3), F3 BRfEMREKET, iR 240 mg-kg ™
AR AL B THERE 120 mg-ke ™ fE R, HERE
120 mg-kg ™' FRMMART A MERERMR (% 2) o VIBIRE
1 I AR AL T BEWR A K 3 25
3 g
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Fig. 1 Diumal changes in transpiration rate of maize plants during
drought stress
a: TRMHMA T before drought stress (May22); b: 58 A i
middle stage of drought stress (May29) ; c¢: T 538 J5 3 later stage
of drought stress (June 6); CK: X} & Control; L. %% JF 338 Mild
stress;S: HJF A Severe stress; | [f) the same below
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BT AYERS, MASPEREY, TR T EREYE TERR S M S/KE (T 2E P mE
¥7) B BEMK(r=0.9670, P <0.01) . YLRALRIKAET MR FIK 7> KR SGE 2 BT R HE TR
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Fig. 3  Relationship between stomatal conductance and leaf water

B2 5 I B R H AR IR R AL
Fig. 2 Changes in daily cumulative transpiration in maize plants

. content as influenced by silicon application in maize plants
during drought stress
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