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Effects of silicon applicated on allevation of aluminum toxicity to barley

HUANG Chang-yong, SHEN Bing
(College of Environment and Resources, Zhejiang University, Hangzhou 310029 , China)

Abstract: The pot culture containing upland red soil from Longyou, Zhejiang province and Hoagland nutrient

solution culture were conducted to study the role of silicon and its possible mechanism in reducing Al toxicity to

barley crop. Equal amounts of N, P, K were added to the soil with varying silicon levels (Si 0.0, 0.10, 0.20
g/kg). Total Al in the solution was 13.5 mg/L with a Si/Al ratio of 0.0, 0.5, 1.0, respecitively. Barley

seedlings were harvested and analyzed. Results indicated that the average height, dry matter of shoots and roots

of barley seedlings increased significantly after treatments of silicon. Silicon caused Al to accumulate in the roots

and promoted phosphorus to be transferred to the shoots. The results suggested that silicon alleviated Al toxicity

to barley by forming soluble, less toxic hydroxy-alumino silicate (HAS) ions in the soil and nutrient solution,

thus reducing the concentration of toxic Al species, and by re-distributing Al and P in the shoots and roots.
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AWARAEFRERELE HBRRERS
FHF A, JLF-ER4E o 72 8 o i A A LR B AR Sk
HRAEVRABRRBRSEMWEHNEBERR BRI
EROFESEAREREITRRRS AP BT
EUXZBIERREFESFORE, REUH, A
T A2 FE Yyt Rk AR B9 (8] R LB 3, (AR VA
ANBHEARIE SRR HEREKRY - BHEEKRER
BAEOI] BT R, M5S0 R R4S
NERFEROVWEZ . ZMNEHETE, LEAKEF
BEMENARAE¥ERMERY RN LB ¥ETRE,
FEARE , AR R o 48 VT 5 Rk I AR T R BT o 4R
HREZSHEF(HAS) , R EABFHHERSH
BRAOKEEAFHU BINNRPERA KE
EAET YRR T R BRI Hoxh i o # ko
EREERE/N, B, RATEI T 36 A R AR XF 14 B
REBRRETE LEFN AR LR BRI
AL E RN AR AR YL 5.
1 Melt5F%

ST ERAWIRFERBEA R ETEE S
R pH{E 4.44, WL 1.72 g/kg, 22 0.21 g/kg, BB A
32.2 mg/kg, XX HetE Ca 15.8 mg/kg, X#HtE Mg 9.9 mg/kg,
ZHAE Al 2250 mg/kg, BERKERFH N WL 1B,

1.1 AR

500 g I mm ML, ¥ETFTH 10 cm, HZ8.5em
JEMHLRRZB /N, HFARERBRE 1.00 g/ke, it
BERRE5 0.5 g/ke, WAL 0.5 g/kg, MBI () KFH 3
A4b#:S10.00.0.10.0.20 g/kg T 5+ BH S, BHiE
REMREMFIOB, HEFEE 20 %, A KPEFERFL
BETBERH80~900% HEFAE, EX 4K, BAEK2d
FRE NEBHAELHH(RE B LB THREE. Ty

1

BURHEKAABRSEN SR, BROMEF R AIBMEREE,
BEHNEFENERA LA,
1.2 BEEHERR

KB 5% W N B # 2 (Hoagland) B 1E 3% ¥ (1950),
EEHMZERBFMAAC BMALRRER, FE8L
AP ¥ EEFE 13.5 mg/L,3 MAEE M Si/Al 45128 0.0.5,
LOERANHHY . BRBARELHE pH3.0~4.0 HE
o BHBEAFHREMNT 30 B, HE/SHEE 20 ¥, EH 4
Wo BEK20dFHRKR MESHREZ LYK H ELHM
WTHHE . TEURHEKEARSENS R, BENREY
BB, BN E BRI A,

2 RELER

2.1 MEMNXZHHEVROKD

R1EH, LENBEREFEELERERER
REYBARBENEM, LB RFERREO0.10 M
0.20g/kg EREAAYB(TE )UAKR(ZE)2
FIANT 32.6%F 71.2% ; WL R REHERG R
AEYBIEAKEE(ZEE)MMT 62.5% M 137.5%,
MEREWAR S T KRES I LA K , XFERA
EREZEVFHHREHEMU R L RSERNTENE
EHm, AL EHREFLHHREN 21.43
em, FEREG AR B BT 1.35 cm 1 0.98 cm;; I
BIBFREZ ALV BB H 20.81 cm, ML
HISHR®HEMT 1.78 cm # 3.00 cmo +IFHE
BEUZEXN BB LR THEHEMNT 30.3%
4.0% ;AR ITEFEEM L THESHNEMT
14.2% 5 22.5% . 75 MEBEREE R EHEHKZE
FRaefat B R B A TR, IR K E 2
M REABELRARENKER,
2.2 MEMNXZHEHEGLBARIE. ESRSH
:pf A1)

R2EH, TR L ERBFREF, Z0LERE

BEMAZSHEENROER

Table 1 Effect of silicon applied on the biomass of barley seedlings

BRI HRKTY EHRE B E#B (18 Bk) AR (18 #)

Culture Si level Height Shoots of 18 plants Root of 18 plants

method (g/kg) (cm) # H Fresh wt.(g) FH Dry wt.(g) & Freshwt.(g) T& Drywt.(g)
T AR 0.0 21.43b 11.02 1.52b 2.24 0.52c

Soil 0.1 22.78a 13.35 « 1.98a 2.86 0.96b

culture 0.2 22.31a 14.17 2.04a 4.02 0.89%a
BRI 0.0 20.81c 11.68 1.20b 2.26 0.40c
Solution 0.5 22.59b 11.81 1.37a 3.10 0.65b

culture 1.0 23.81a 12.29

1.47a 4.01 0.95a

1) WHIEFRNERKT Y ERBF MRS, The Si levels means Si/Al ratio in solution culture.
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Table 2 Effect of silicon applied on Al

contents in shoot and root of barley

+ 3% Soil culture B W I Solution culture
BAKF HBEE (pgk) HEE £88 (wh)
Si level Al content Si/ZAl Al content
(g/kg) HbLEFE ® ratio  Hb BB ;4

Shoot Root Shoot Root

0.00 625 418 0.0 68 36
0.10 205 63 0.5 25 123
0.20 213 1054 1.0 16 112

2.3 HEMNXEHHEBEBMAGHRSEIHH
¥

BENELBEESERBMR . Ltk LT
RGBSR, ZALBES EHORITRETETHT
HROTB(R3) , 2 EAEH LB IHEN
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Table 3 Effect of silicon applied on P contents

in shoot and root of barley

1 3% Soil culture W HEFE Solution culture
BKF  BYE (ug/g) BHBH SR (k)

*Si level P content Si/Al P content
. (g/kg) b & i3 ratio b b &8 i
Shoot Root Shoot Root
0.00 0.094 0.200 0.0 0.248 0.451
0.10 0.213 0.162 0.5 0.452 0.301
0.20 0.211 0.145 1.0 0.483 0.286

0.094% , R EEN0.200% . HEFIFFAFM LI
MBS BN 0.248% , MERMNA 0.541% ., HERE
G b LB B MBI T AT HERYE
BHE, HERBE 2 MERLED FHHRT RS
FIRMBTEHR)M 1.3 FM 1.5F. BREHRUL
FE1.5F 1.7/, UEGRER, R {REE
HERKHEFBMBRRERRZA, 2AMTFRR
WeBtm ERER, AT LIRB ¥ EHMEEN
£ BB BRBERER
3 it
HEAARMEM L EPNKRTE MERE .=
MNRERERLR, XREYEP LS HGRERENTE.
BEXRKREBHHEY KRR EMHARLTFN, EHEYT
REFPEIIAEYERNE L LRTY . REW
I, BRERMELSBEXEAFRENB RN, KH S
HEPWKRE KE DE EXR TREYETERM
R, REERBERET A A KA R LR MIE
Mo £ pH<S.0~4.5MHEREBRELHE L, H
YHERER—TEERMAETLBRME,

HEr Xl ZREYHRE L EARNEREEE
BEREPEHRABEMAVICR, BdRBRAE
HE 43 ) 5 [8] 7= M1 A HLER X 48 Y 48 & 1 FA SR RE K +
BERPENEE. MARRRYA, AR R
IR B ERBREREE, HTTEMNEDT .
3.1 SEMEHENBMEREREX. 2RKBH
IR VIE IR R0, R AR R RE B F 5% n oK & xt
BERERBGHEN MG L sEYE, MAR
AHIBMEEES EBIEBMEE, HEHRE
B EERXRENE LRIESTERE TR, FE
BEXE T BB ELA V8 1 K 3 AR X B 84 W% iR L 4R 1 B
MREB b E AR EH B3, AT BB EEETERAR
T H B0 A AR Bk b S A BRBESE AR
3.2 +HABKRBIEESHEREEREESE
F(HAS) BRTHERPENTEE. RESKBE
%, B8 HEEPH3.0-4.0 BEFRBFEMBAES
BILL B K. APY 16.4% ~ 7.8% , Al-SO, 52.0% ~
25.0%, AIPO, 19.5% ~ 39.5% , HAS 12.0% ~
57.8%. TELEPHARE/(BE+8)NR 4~8 ZH,
5BFBPE/(BE+B) 3~ BBEE, HEARRAE
TERBRPHREER; LB pH L ERER,HE
TRBEEE pH A AR,0.1.2 A3 + 1%
pH 43510 4.44.4.69.4.93, B #ERE - WE W
FHAS MBI LB BN ER .
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