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Effects of Silicon on Growth and Physiological Characteristics of Strawberry( Fragaria ananassa Duch.) Under
Cadmium Stress

WANG Yao—jing? FU Tian—xia', SU Ying', LIU Ming—da®*

(1.College of Science, Shenyang Agricultural University, Shenyang 110866, China;2.College of Land and Environmental Sciences, Shenyang
Agricultural University, Shenyang 110866, China )

Abstract : The water culture experiment of strawberry growth and physiology at different silicon levels under cadmium stress was conducted,
and the H,SO, was used to neutralize the alkalinity of K,SiO;, and the different concentration of SO% and K* between treatments was balanced
with the addition of K,SO,, thus the effect of pH and accompanying ions by added silicate on cadmium was eliminated. The results showed
that silicon supplying relieved injury on strawberry and promoted its plant biomass under cadmium stress. Silicon could increase the content
of photosynthetic pigments, lower leaves permeability of plasma membrane, decrease the content of MDA and alleviate the grate of membrane
lipid peroxide. The effects of silicon also maintained the content of free proline and soluble sugar in certain level, promoted the activity
of SOD, POD and CAT, reliefed the poisoning effects of active oxygen and free—radicals to strawberry leaves. These results suggested that sili—
con supplying could improve physiological characteristics of strawberry and promote the growing of strawberry by alleviating the toxicity of
cadmium.
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Table 1 Effects of silicon on growth of strawberry under

cadmium stress

A3 X AR e H e g
CK 0.33£0.02a 0.34£0.02a 3.48+0.29a
DSi0 0.20£0.01b 0.31£0.01b 2.430.17b
DSil 0.25+0.03a 0.37£0.02a 3.31:0.26a
DSi2 0.27£0.02a 0.36+0.02a 3.22+0.23a
DSi3 0.23£0.01a 0.35£0.02a 3.150.15a

T AR FRERORTE P<O.05 KV FERBE. T,
Note:The same column with different letters mean significant differ—

ence among treatments at P<0.05. The same as below.
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Table 2 Effects of silicon on photosynthetic pigment content of

strawberry leaf under cadmium stress

H43% 2% a/ M4t 2% b/ M-4% 2% a+b/ M2 & af

Ak B -1 -1 -1 Y
mg-g mg-g mg-g M4%E b

CK  142+024a  041:0.05a  1.83:0.23a  3.4610.12a
DSI0  1.15:0.12b  037£0.02b  1.52%0.15b  3.1120.06b
DSil  138:0.20a  043:0.03a  181x0.11a  3.21x0.08a
DSi2  1.37+0.15a  0.42:0.02a  1.79+0.08a  3.2620.07a
DSi3  1.33:0.11a  040:0.02a  1.73z0.02a  3.33x0.05a
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Table 3 Effects of silicon on strawberry leaves and root plasma
membrane permeability and malondialdehyde content under

cadmium stress

BN MRS AR R Wgﬁﬁ%
CK 44.27+4.32¢ 53.56+3.72¢ 42.36+3.92¢
DSi0 60.58+3.81a 82.58+491a 69.15+5.53a
DSil 50.62+5.28b 66.62+5.58b 55.74+2.89b
DSi2 48.12+3.51b 57.12+3.76¢ 49.37+291c
DSi3 53.88+4.81b 70.88+4.92b 58.68+3.41b
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Table 4 Effects of silicon on osmotic adjustment substances

content of strawberry leaf under cadmium stress

AbEg W ER & /mg g FW RS B /mg - g TFW

CK 0.32+0.08¢ 5.54+0.38¢c
DSi0 1.59+0.14a 7.98+0.52a
Dsil 0.86+0.10b 7.08+0.42a
DSi2 0.63+0.05¢ 6.51+0.47b
DSi3 1.06+0.07b 6.75+0.35b
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Table 5 Effects of silicon on SOD ,POD and CAT activity of

strawberry leaf under cadmium stress

b &’f&%%ﬁﬂh@@ SHEALIERENE, SRS R
WU FW U-g' FW U-g' FW
CK 140.78+6.29a 145.85+8.37b 80.12:5.32a
DSi0 96.52:5.88¢ 118.27+9.34¢ 71.91:4.56b
DSil 155.78+7.76a 169.61+10.11a 95.23+4.23a
DSi2 146.32+6.71a 165.32+7.45a 88.415.11a
DSi3 128.23+5.11b 137.29+8.43h 82.56+3.78a

(Cd) & HEiE 10° mg-kg™ /K- MY s 2 HEL R
1 7E 0.02 mmol - L7 BV IR G R 8 d 5 HAR4)
B A AR B AR 4R R A AR K [
Rk, il . RPN 0.5~1.5 mmol - L™
) KsSiO5( LA Si0, i) i , B X2 i B AE A R P A b3t
VEFHA S, BG40 v 4 T B IR IRAS 2 3 | AR AR A=
Prehiin . X5 s Hr SRR 45 R 25, R R 73
Ab B R Y A o KR ) A

32 RS ESEKNEEIIE

Cd> & = A 0, Bk 570900 1) 40 L
HRAE K, RIS R A BB AL, 5 R4 2 R
Sl N Gy PR SN IS Al RS & e iR i
WL A XA P A 47 T R, ARG A5 R
0.02 mmol - L™ #@ Wil F R A i H4¢ 2 a A4 K
b I AL, LAk 5 B A T R (3R 2) . UhRAREXS
BEIbA T RREL SR A R VE R X RT RE R AR
FEERIENE A R T — A R R,

AT 2 A S T O SR AR U RN
TR B S R VRE BRI B L B R AL
Joip 360 5 | RS RS 1) Ao S AR, 5 ab ™ A TS R, IR
RGN LRI FITIRE . BT MNE T, R &5 R —2E
AN AR T ARG R RS P T RE T, i S I 2 R
FIT MR RS2 P R N AT 2878 3 1S 0 5
R FAEN R R 0 RS PR, v Ry
DTN, ALRE AT DAREARER A T HURN: i ST R
PRI B 1) 25 1 5 45 (LR Ach T 1 e 25 M 20 A mT 5
PEBE B TR BB (EAIR T 0.02 mmol - L™ €SO, 4bFE
FWTAERE s - 7 e it 2 i 202 A R i MR 1) B i R
FEE— K, (LR nT 4E R a8 2544 T BB B 1
RS, A R R R EY e AR R

TSR B, v A 2 B S 41 il e AR Ak T
PE RS P AU R, B0 ) A K ™ E sz e,
X B AR AR A A A P G o2 A A A AR 1) i
JRH o FEASR SR b, FAE sz B MA J5 , SOD . POD Fl
CAT V5P BH 2 32 240 ], 16 B AR BB i R Ag i b AU TL i
R BIWIR , S EB0E M A s SRR R TR
JBiriE T RIRERT B () SOD .POD H1 CAT &4, 076 T H
P SRR 22, DT 1S s A AR P P A 3B BB T L X S5 R
RTINS

4 g

FEVRNT pH M BREE A B T2 i e L, Ik
AT AR A ) A B R SRR AN R



#3184 12 & M OB

B

¥ IR 2339

FEAE SR AL BT E RGBT RE T, BRI Y R
AR SE TR BRI , 2 A 8 A s
(3 et A R RIFR AR Y

S

[1] Tudoreanu L, Phillips C J C. Modeling cadmium uptake and accumula—
tion in plants|J]. Advances in A gronomy, 2004, 84:121-157.

|2] Sanitadi T L, Gabbrielli R. Response to cadmium in higher plants|[]].
Journal of Experimental Botany, 1999, 41 :105-130.

[3] Foy C D, Chaney R I, White M C. The physiology of metal toxicity in
plants[J]. Annual Review of Plant Physiology, 1978,29:511-516.

[4] X AP, SKHLER, B2IEHK, 2. SR TR AR A 1 vk E 5 R AR,
[ K RERLE, 2006, 20(3):306- 312.

ZHAO Bu-hong, ZHANG hong—xi, XI ling—lin, et al. Concentrations
and accumulation of cadmium in different organs of hybrid rice[J]. Chi—
nese Journal of Rice Science, 2006, 20(3):306-312.

[5] Liang Y C, Wong ] W C, Wei L. Silicon-mediated enhancement of cad—
mium tolerance in maize(Zea mays L..) grown in cadmium contaminated
soil[J]. Chemosphere, 2005, 58(4) . 475-483.

[6] Liu C P, Li F B, Luo C L, et al. Foliar application of two silica sols re—
duced cadmium accumulation in rice grains|J]. Journal of Hazardous
Materials, 2009, 161(2-3) : 1466-1472.

[7] Waldemar T, Grzegorz C. Effect of silicon application on cadmium up—
take and distribution in strawberry plants grown on contaminated soils
[J]. Journal of Plant Nutrition, 2005, 28(6):917-929.

[8] Shi X H, Zhang C C, Wang H, et al. Effect of Si on the distribution of Cd
in rice seedlings[J]. Plant and Soil, 2005, 272(1-2): 53-60.

O TLE Bk, AR, % BSR4 LR S S X

Kt SR S BRI 3Rz, 2001, 38(2):219-225.
ZHOU Wei, WANG Hong, LI Chun-hua, et al. Effect of calcium carbo—
mate addition on transformation of cadmium species in soil and cadmi-
um forms in leaves of maize[J]. Acta Pedologica Sinica, 2001, 38(2):
219-225.

[10] ®EIE H, 47 58, 2208k, 45, k) b Wil T~ BR&) i A K e BT

JCE WA FZmAL)]. -3 iz, 2006, 37(6):1162-1165.

HAN Xiao-ri, HOU Yu-hui, JIANG Lin-lin, et al. Effects of silicon on
cucumber seeding growth and plant nutrition under salt stress[J]. Chi—
nese Journal of Soil Science, 2006, 37(6):1162-1165.

[11] 2554 Al A JE AL SE 30 JE BRI R M. bt @ S5 208

#t, 2000.
LI He —sheng. The principle and technology of plant physiology [M].
Beijing: Higher Education Press, 2000.
[12] TR R, RS AR A S0 R 2 M. 55 3 0. Jbat: S5 8H
Hi it 2003.
ZHANG Zhi -liang, QU Wei—jing. The experimental guide for plant
physiology[M]. Third edition. Beijing: Higher Education Press, 2003.
[13] Cutraro J, Goldstein N. Cleaning up contaminants with plants[J]. Bio—
cycle, 2005, 46:30-32.

[14] R, 08 B Ry mey it 1k A G RO, bt il th i,
1989.

ZHAI Feng-lin, CAO Ming—qing. Plant salt tolerance and its improve—
ment[M]. Beijing: Agricultural Publishing Press, 1989.

[15] Fridovich 1. The superoxide radical is an agent of oxygen toxicity su—
peroxide dismutases provide an important defence[J]. Science, 1978,
201:875-880.

[16] ZBF. et R e b AU AIT Lk S []. BT S R A= 0~ 3.
1997, 3(3):289-298.

XIA Han-ping. Study on cadmium in soil—plant system[]J]. Chinese
Journal of Applied and Environmental Biology, 1997, 3(3):289-298.

(7] B, £ B skam il sfdR e KR pU e L A DR Aol

BRI 244, 2006, 25(5) : 1112- 1116.
SHI Xin-hui, WANG He, ZHANG Fu-suo. Cadmium resistance im—
proved by silicon and corresponding mechanisms in Oryza sativas L.
seedlings[J]. Journal of Agro—Environment Science, 2006,25(5):1112—
1116.

(18] 75 ¥, FACHS, MUBUK, 55 ZEEHEY) B0 52 R PERLRI[T]. AH
FIE SRR, 2000, 6(1):106-112.

SU Ling, ZHANG Yong-song, LIN Xian-yong, et al. Cadmium toxicity
and tolerance in vascular plants.[J]. Plant Nutrition and Fertilizer Sci—
ence, 2000, 6(1):106-112.

[19] Padmaja K, Prasad D D K, Prasad A R K. Inhibition of chlorophyll syn—
thesis in Phaseolus vulgaris L. seedlings by cadmium acetae[J]. Photo—
synthetica, 1990, 24:399-405.

[20] Milone M T, Sgherri C, Clijsters H, et al. Antioxidative responses of
wheat treated with realistic concentration of cadmium[]J]. Environment
and Experimental Botany, 2003, 50:265-276.

[20] KBk, 2= ¥, I, 55 REXTERINE T S E Ve MRS AE

HURFERIREA). P 22741, 2011, 38(9):1675-1684.
SONG A-lin, LI Ping, LI Zhao—jun, et al. Effect of silicon on photosyn—
thesis and its related physiological parameters of Brassica campestris L.
ssp. chinensis(L.) Makino grown under Cd stress|J]. Acta Horticulturae
Sinica, 2011, 38(9):1675-1684.

[22] Stohs S J, Bagchi D. Oxidative mechanisms in the toxicity of metal ions
[J]. Free Radical Biology and Medicine, 1995, 18(2) :321-336.

[23] Sandalio L. M, Dalurzo H C, Gomez M, et al. Cadmium —induced
changes in the growth and oxidative metabolism of pea plants|J]. Jour—
nal of Experimental Botany, 2001, 52(364):2115-2126.

[24] Shah K, Kumar R G, Verma S, et al. Effect of cadmium on lipid peroxi—
dation, superoxide anion generation and activities of antioxidant en—
zymes in growing rice seedlings[J]. Plant Science, 2001, 161(6):1135-
1144.

[25] BRARTy, Bhakit, 28 fEXES2 -3 5 15 4L i 1 3 A ORI
JHRETT B[] R A BEAETE TR, 2007, 43(3):479-482.

CHEN Cui —fang, ZHONG Ji —~hong, LI Shu -yi. Effect of silicon on
growth and anti—stress ability of chinese cabbage (Brassica pekinensis
Rupr. ) in cadmium contaminated soil[J]. Plant Physiology Communica—

tions, 2007, 43(3) :479-482.



