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Detoxification effects of Si on Mn in latored soil

LIANG Li-ping*, HUANG Yu-lan*, YANG Shu!,ZHAO Zun-kang*, LI Xiao-feng"2
(1.College of Agricultural Science, Guangxi University, Nanning 530004, China;
2.State Key Laboratory for Conservation and Utilization of Subtropical Agro-bioresources, Nanning 530004, China)

Abstract; Effect of Si fertilizer on Mn toxicity in acid soil was investigated by pot culture, in order to provide
scientific basis for preventing Mn toxicity in acid soil. The results showed that there was significant rhizosphere effect in
sugarcane including lower pH, available Si content and higher contents of active Mn, water soluble Mn, exchangeable Mn,
organic chelated Mn, carbonate combined Mn, ferrimanganic oxidation state Mn in rhizosphere soil than those in non-
rhizosphere soil. Further, the contents of active Mn, water soluble Mn, exchangeable Mn, organic chelated Mn reduced
significantly under applying Si fertilizer (sodium metasilicate), but effects of Si fertilizer on Mn content and form in
rhizosphere soil was lower than those in non-rhizosphere soil. Shoot Mn content (47.1~112.1 mg/kg) decreased significantly
under applying Si fertilizer compared with no Si fertilizer application in sugarcane, and which decreased further with Si
fertilizer application increasing from 0.5 to 2.1 g/kg. Although, shoot Fe content in sugarcane reduced along with Mn
content reducing under applying Si fertilizer, the ratios of Fe to Mn increased from 2.92 to 5.72 in the treatments of
applying Si fertilizer, which were significantly higher than that of control (2.51). Sugarcane plant height and total biomass
under different Si fertilizer treatments increased by 4.07% ~15.24% and 8.41% ~28.03% . In a word, Si fertilizer can
alleviate Mn toxicity in acid soil.
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TRl

1 HREHE

1.1 ikgasrt

M H SR T S B 22 5 a3 R Y
LA REBUR B R ARLLEE, R AU AT B Ak
S 7 B ) H R, AR BEAR MRS R . pH 5.30, Bl
A 70.20 mg/kg. 2= A 1.46 g/kg. 4= 1.27 g/kg ., 4 R4 i
(P,05)29.25 mg/kg 441 1.21 glkg. H%4H 50.00 mg/kg .
H ML 20.20 g/kg A RhE 227.82 mg/kg i P4 320.97
ma/kg, HEFEAL AR EERREN , 5 Si0, 30%,
1.2 ReAE

e T 2013 4F 11 H 78) PU R 2R 2 B ik gn S
AT SR FHZAR AL, B 220 -4 1.2 kg, 50407t FH Ak
JI" (Na,Si0;)0.0.5.1.0,.1.6 2.1 g/kg 5 ML H (4 51iC K
Si0.Si0.5.Si1.0.Si1.6.Si2.1) , 3 YK H &, 5 = BEHLHES .
JEAE FH 44 N 0.3 g/kg .P,0s 0.15 g/kg.K,0 0.15 g/kg.
i A SRS B3 it 2 mm 0 f5 AR E O S5 R R e o
FESTEHE AL, HREAPZE (5 2R3 TARBRAS AR Frds
HFZIE T ARPRASSE 1 100 g/, AERHH ] 44

HREAE A AR R 1 S K o B RIRE K R 1
60%~70%,40 d J5SCHR T REST AR R A 3, R I
SRR RS A I RARPRAS T Y RS R A
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PEER 4) F SR FH B R 2 (pHT .0)IR 3R A5 5% | 0.2% %)
R+ B R E (pHT.0)iR 2 Zy ik PR, 12 R
AAS TEINE  E3EIE TR . TR M R - R RV
(PH3.2)7= 42 -AAS; T pH. AL 5 (LUK L 1:2.5) A
T AP R AR B - Tk 4H W HL 0 ik s 45 TE 5 4 BB Tessier
TEAIHTIRIESRIL

PRI 56 R FH 22 . HL# (Duncan ) MR BR5 +
PRI 2 5 R A T IG5 67T 25 BT

2 HRE5HMH

2.1 WEEXRER T EPRENEREEEMRSENS
i)

Jiti F 0.5~2.1 g/kg EEAE, ARPR 1A Rk & 5t oh
174.4 (+19.2) ~314.6 (+20.3) mg/kg (= 1), Ky %f B 1Y
1.04~1.87 5, W ULJiti FHEEAC AE S w2 4t 5 3P AT 2L
REMI S i FREAL S Bl 3 bk o i -3
pH {E A W4 (6 1), X BRAR B 1 4% pH 4 5.13+0.02,
MMt 0.5~2.1 g/kg FENES , HRPR 1138 pH {EF} 2 5.24+
0.05~6.03+0.03,,

x1 TEAEYHESERpHE

A3k (mg/kg) pH &
Rb — —
PR +1k JiEl7N +1k

Si 0 168.2+3.6¢ 2005+9.8d  5.13+0.02d 5.21+0.04e
Si 0.5 174.4+19.2bc 264.7+17.8c 5.24+0.05d 5.66+0.02d
Si 1.0 216.7+6.7b  305.4+10.6c 5.54+0.03c 5.98+0.04c
Si 1.6 286.2+11.6a 372.5+154b 5.77+0.05b 6.29+0.04b
Si 2.1 314.6+20.3a  482.7+0.02a 6.03+0.03a 6.50+0.07a

E - RV 5 /NG 3 S0 BEANIR] 3% 8RR 26 5 3, 3% 2~
7 5 [\, AR BRAS LA 18] t=4.295 , togs s =2.776 , toos4=4.604,,

Jite FE Tk L F - S3 300 A R Ak et R AR T 3
BRER LU BB (3R 2) , i 0.5~2.1g/kg REAE , AP
G AR S B4 ) ol 336.7 (+6.1)~285.4(+15.5)
mg/kg, BN R/ 8.3%~32.6%, FEAL i 3 ik
Fri A FTRRAR SR, Ak At FH 20 f 3 e e - g e
BRI HEAH (1.8340.06~2.53+0.18) , A 4K Si0.5.Si 1.0 4b

F* 2 HEXMHELTEEEHE SESKELENSE

TR I EERIN .

A HLBR (molkg) 4K (mgrkg) HBR (malkg) + & (mglkg) HRERTRIELR/
Si 0 368.9+6.5a 341.4+4.4a 583.0+32.1c 575.6x11.4a 1.58+0.08c

Si 0.5 336.7+6.3b 172.1+3.5b 616.8+18.4bc 555.9+3.0ab 1.83+0.06bc
Si 1.0 336.7+6.1b 181.7+10.7b 622.0+3.9bc 532.8+17.4abc 1.85+0.05bc
Si 1.6 318.5+8.8b 179.8+3.3b 661.9+5.2b 542.0+9.4bc 2.08+0.07b

Si 2.1 285.4+15.5¢ 191.3+6.6b 716.5+14.5a 512.8+14.7c 2.53+0.18a
t{E 4.603 2.949
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P FR PR - 9 v 1 Pk U 5 % BB (Si 0) AR Y
{2 Si 1.6.Si 2.1 ZhBHA B X,

FERE i FH e 2B 5 4P IR A (3R 3) (H2
e A it FEGE AN [ 2SS OS2 M AN [ ke it D X e
G5B S E AL S S R RN 3 SR R
BTt FH o 2 BRAR ORISR . SIS WL &
AL Era, IF H RERE XA MLES A A 00 52 e %

“HA

fitiFH 0.5~2.1 g/kg FEAE, ARPRAIERAHLES A S
E 26.27~37.43 mg/kg Z [A] , {{UFH >4 T~ X} i (43.39 mg/kg)
[ 86.26%~60.54%,, fif AEX K IE A AL A RE AR K, it
kAL B 55 B (1.17~2.46 mg/kg) A 24 F X IR (2.86 mg/
kg) #) 86.01%~40.90%,, Tkl XeF 52 e A4 A 5 el /N T i
B RENE i 5 AR PR -3 A2 4 80 5 ST B 19.26%
~49.03%,

F*3 EIEXTREPAEETSTBHIZME (mglkg)
o USEES s BRRER S 575 B A AL
PR + HRFR ik HRFR + HRFR + HRPR BN

Si 0 286a  265a  26.12a  18.94a 15.19b 9.31a 567.10a  430.77a  43.3%a  38.96a
Si05  246b  165b  21.09p  13.28b 17.03ab ~ 10.17a  611.97a  43357a  37.43a  34.1lab
Si10  19lc  124c  180lc  1238bc  17.06ab  10.15a  629.67a  462.90a  27.93b  27.30hc
Si16  156d  1.04c  1644c  1087cd  19.43ab  1043a  620.14a  48493a  26.28b  24.01lc
Si21  117e  084c  1308d  9.17d 22.63a 11.80a  600.59a  492.10a  26.27b  21.53c
t i 4.691 8.813 8.829 16.462 2.859

2.2 tRERZIAZ

HIERAR BRSO B ., AR B 45 pH KT LR A
SR O et S Y AR i I e T A
(3 1~3 3), PR ot & i BT 1R (1=
4.295>t065(4) 1), BIREEIEAPRIG | MRBR 135 K 1k
AR R, BAEXT AR RS R RS
M, Ak REE FH J5 - A RURE K42 15 0.32~1.41 £%
TR B A & B AR 5 0.04~0.87 4%, fik Aot FH AR B B
AR R K NN, BEREMER S, AR AR
S TR 1Y 341.4(24.4)mg/kg R4 ZE 172.1(+£35)~
191.3(+6.6)mg/kg, Ji/b> T 49.6%~43.0%, {HJE, ik IC
FH AR B A 38 v % MR 55 1k 336.70~285.40 mg/kg, 1
Xy /b 8.73%~22.64%, A UL HREAR R TG S AR
35 R i MR R AT R AT S AR

HREAR 20T - 58 TR IR S A W R A 52, K
WA ACHAS RIS 5 A YU S LSRR L
SRR E B R E E T KGR 3) JF Bt
XPARBR KA | seHe SRR EL 45 A B
INT AR BENE S AR oK AR 5 i 1.65~
0.84 mg/kg, B %t R 7> 37.7%~68.3% , 11 M s 1 358 f) U

DA 14.0%~59.1% , ik At FH J5 AR B - 398 b 22
A5f & h (13.08~26.12 mg/kg) A Ak (6 BE %) 50.1%~
80.7% ) t/NT A& (] R 48.4%~70.1%) , A U1, , H e
A TGS i R AR XY e A S AR
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231 mfestiasksEeyHrn N H L H
R R A AR, b b R ARG O AR
F(F4), Mifd 0.5~2.1 g/kg fEAE, HRELT b | 05R
& B 4y 9k 112.09 +5.43 75.66 +6.69 .68.10 +2.12
47.10+1.64 mg/kg, 435Ik %T BRI 77.2% .52.1% ,46.9%
F132.5%,, HENCE G AR 3 e 2t o 3 A, it ]
0.5~2.1 mg/kg i A J5 AR & et 7 B % R 74.7%~
36.6% , A3 F FLdth L PR S hek 2 B A A e
MR B (3% 4)  REREG A 5 AR 2 vk & i g
o T SRR 0 D (B Y R (9.9%~
35.8% ) 454 (32.8%~77.5%) /)N, K, REALFE S | M |-
PRk (Fe/Mn) FLAR &34, Si 0 ZbFHAY Fe/Mn 2
2.51+0.15, TiifEARALEE R L(EARfE7E 2.92 £0.07~5.72
+0.07, EXTHRAY 1.16~2.27 5, W] WL, BEAC GEAS i R
AR H AR P T e A R R T A

&4 EENHESEESRSENMW

Mn Fe
A Hb | #B (mg/kg) HRZ (mg/kg) Hb 3B (mg/kg) A (g/kg) 3o 136 Fe/Mn
Si 0 145.11+7.79a 164.04+21.97a 362.79+9.95a 3.75+0.18b 2.51+0.15¢c
Si 0.5 112.09+5.43b 122.46+17.60ab 326.76+12.43b 4.03+0.31b 2.92+0.07c
Si 1.0 75.66+3.98¢ 77.20+4.61bc 329.22+7.15b 4.26+0.24b 4.37+0.19b
Si 1.6 68.10+2.60c 74.17+10.27¢ 287.37+10.07¢c 5.56+0.58a 4.56+0.44b
Si 2.1 47.10+1.64d 43.79+11.63c 269.05+5.17¢ 5.51+0.53a 5.72+0.17a




232 mEfesTHEAKGFA KR 40 d )5 RREHTE
PR A 57.4(+3.3)cm, T ik AL AL H A 7 i 15 3] 59.7~66.2
cm, A% FE s 2.3~8.8 em(55 5) , AL Akt FH B AR X H 7k
WAL KA RE B R E R FRAK,
W ATt FH S H R AR ™ it i 238, Si 0.5 ZbFRLE
BLE Y Pl 1.37(£0.06)gl7: (FW) , 25 HRAY 1.28 %,
AR AR A BRAG A= 7 oAl 2 3 X R st SR g
B REREE RS T 3R H R B

x5 mEEAIEXHEERKAZE

AW (gl FW)

Mo 17 LES “it
Si0 57.4+33b 0.86+£0.08b 0.21+0.02a 1.07+0.16b
Si 0.5 66.2+0.8a 1.10+0.0l1a 0.27+0.03a 1.37+0.06a
Si 1.0 64.0+2.9ab 0.97+0.03ab 0.23+0.03a 1.20+0.10ab
Si 1.6 59.7+1.2ab 0.96+0.06ab 0.20+0.02a 1.16+0.14ab
Si 2.1 59.9+2.2ab 0.99+0.06ab 0.21+0.00a 1.20+0.11ab
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