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Effect of Calcium SiHcate Application on the Alleviation of Metal
Toxicity in-Lowland Rice and Wheat Plants
Yasuto MIYAKE and Eiichi TAKAHASHI
(Research Farm)

The purpose of this paper was to study the effect of silica on the alleviation of fhe
toxicities of surplus metals in soil : aluminium, manganese, nickel, copper, and cadmium,
to lowland rice and wheat plants, which were grown in 3.5 liter polyethylene pots
filled with the soil from surface layer of a paddy field.

The results obtained are summarized as follows.

1) The effct of calcium silicate on alleviation of nickel toxicity in lowland rice,
which could be determined by the decrease of yield, was noticiable.

2) The amount of manganese transferred from straw to ear of lowland rice were
suppressed by application of calcium silicate.

3) According to the excess ahsorption of aluminium, contents of silica and iron in
the straw of lowland rice increased markedly.

4) The content of aluminium in the top of wheat plant was decreased by application
of calcium silicate, so that the decrease of yield by aluminium toxicity was alleviated
to a slight degree when compared with the plant without silicate.
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Table 1 Properties of soil

Soil Strongly -leached soil
(surface layer of paddy field in Kojima polder,Okayama)
Texture Clay Loam
Chemical properties(dry matter basis)
pH (H:0) 4.4
Total carbon 1.80
Exchangeable Ca (me/100g) 6.43
” Mg (me/100g) 2,61
” . Na (me/100g) 0.22
r K (me/100g) 0.42
Exchange capacity (me/100g) 15.51
Available SiO (mg/100g) 8.4

(pH4 Ammonium-acetate buffer soluble)

BAVER 221 12555, B4 100g 4 b Si0s 8.4mg E X LY TEWETH 3.
EE AL - B BRI IE L1 /5000 7 ~ VoK » BT 3.5kg FOFEL, A BN L
v u (CaSiOs. 7vH V5323%) & BVKKEBA VY v & (CaCOs, 7% U 5354%) %

Table 2 Amounts of metals to the air-dried soil

Metal* Plant Lowland rice Wheat
Al 500ppm 1000ppm 200ppm  500ppm
Mn 200 500 200 500
Ni 50 100 50 100
Cu 50 100 50 100
Cd 50 100 50 100

* Torms of metal compounds
Al; AlCl3+6H0, Mn;MnClze4HoO, Ni;NiClge6H0, Cu;CuClye2H,0, Cd;CdClze2.5H0

Table 3 Desigh of experiment

) Period Number of plants
Experiment Plant cv, -
Seeding Harvest per pot
No1 Lowland rice Akebono *July 3,1971 Nov, 5,1971 5
No 2 Wheat Taruho Nov, 5,1971 May 18,1972 3

* Transplanting date : the seedlings used for the transplanting were cultivated in a
nursery bed for 45 days.

Table 4 Amounts of fertilizers applied to pot culture

Basal dressing Top dressing
Experiment
Date Fertilizer g per pot Date Fertilizer g per pot
No. 1 July 3,1971 (NH4)280s 2 July 15,1971 (NH4)2SO4 1
” KHoPO4 2 7 'KH,PO, 1
Aug27,1971 (NH4)2SO4 1
No. 2 Nov,29,1971 (NH4)2SO4 2 Feb,11,1972 (NH4)2SQOy 1

” KH,PO, 2 Mar, 1,1972 KHPOy4 1
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Fig. 1 Effect of calcium silicate supply on the growth of lowland rice applied toxic levels of metals
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B Al XTr24£FHH2 3 UTRK (&BERIIX) IKE~EL, CaCOs RFUD Al
1000ppm K333 >BRBHIc A~ 727 208 (BEKLITEE) 3 TIHFEL Tz,

CHIEH LT M, Ni, Cu BRICHVTEABREAZOZVEL TH 5 7. —f5 Cd
ROBEEREERTIIHEX L D %{Bﬁm{ﬁfa‘aom> Eﬁ%ﬁﬁ;ﬁm&afﬁlﬁb i
AR SEIE ST i I Y pll

T OBTI T § Al Kid500ppm Xi#s £ O°1000ppm X & 3 TN EXIT 5RabD T
B EEs AUBRRENSTD bhiz. Chitd 5~5& Mn, Ni, Cu, Cd K05 17
HEZL0IE5 25 MBD bl OONHEXE DERDIh -1z,

NEFEDERE Table5 iR U7z, Al ROBEEIZS DD TEETH - T Al 500ppm X

Table 5 Effect of calcium silicate apphcanon on the allev1at10n of metal tox1c1ty
in lowland rice
Yield (dry weight g/pot)

CaSi0Og Series CaCog Series

Treatment Leaf and stem Ear Total Leaf and stem Ear Total
Control plot 49(100) 46 (100) 95 (100) 46(100) 41 (100) 87 (100)
Al 500ppm 5( 10) 0.5( 1) 5.5( 6) 11( 24 0.4( 1) 11.4( 13)
1000 4( 8 — 4 (D 3¢ M — 3 (3
Mz 200 49(100) 36 (78 85 (89 48(104) 33 (80) 81 (93)
500 50(102) 34 (74 84 (88 51(111) 30 (73) 81 (93
Ni 50 49(100) 43 (93) 92 (9D 43( 93) 32 (78) 75 ( 88)
100 52(106) 40 (87) 92 (97 36( 78) 25 (61) 61 (70
Cu 50 53(108) 40 (87) 93 (98 43( 93) 32 (78 75 (86)
100 58(118) 39 (85 97 (102) 51(111) 035 (85 8 (99
Cd 50 40( 82) 40 (87) 80 (84 44( 96) 20 (71) 73 (84)
100 43( 88) 31 (67) 74 (78 46(100) 25 (61) 71 (82

( ) :Relative value (%).

BN TOET R & 5 P MFLEIIRETS b, CaCOs R3I0 Al 1000ppm XiZ5)
13 SREREID 7 B20H i TICHFEL, CaSiOs RIILBWT bAETEELIKA - 728 A13
0 (BHEE4208) WRBRASHERETH - T, XHEH, BHEL  KHBXiIcd 5<a&b
B TEd - 72,

Mn 200ppm, Mn 500ppm FR D CaSiOz 3&5#% L ¥ CaCOs RIUD T R TOAEFNE
WEARZ D THCENEETH - T, BEEOBEIRE» .

Ni 50ppm, Ni 100ppm FX® CaSiOs RINDAEFRINRX EFALELREET 2 7R L
tr. L L CaCOs RIOEFTRINER 2 h THEH-TEH, NIBRZCH I % v 1 B
DOFEREMED T,

Cu EENHRANEINTVABTETH 3D, Cu 50ppm, Cu 100ppm WX D CaSiO; %
FIOEFIRRBX ERA LS T, CaCls RIIXKBWTIRFEET Th -1, Cu EE
ﬁ%mOKQMCa@ﬁMKié%@Tﬁ&vb&%i%ﬂt.bmbCu%ﬁﬁKﬁ?%
74@®wmmomfuwﬁéb&mot

Cd S0ppm ROAEFEITHRX P&, Cd 100ppm Kizs b %C%‘:F{P&'—Fbt s
ZOEEORERIINITOREY tHNREZEBNISIThH-Z. UL CdEBRITIE
ABOPRREAREDLNTY, CAEVERINTZORFEL LT CaFTMOIRIL L 5 &
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Table 6 Effect of calcium silicate application on metal contents of lowland rice

CaSiO3 Series CaCOj Series
Treatment Leaf and stem Ear Leaf and stem Ear
ppm on dry matter basis
Al 500ppm 6,400 755 5,120 676
1000 8,160 —_ 5,360 —
Mn 200 1,200 108 1,002 164
500 1,480 168 1,600 280
Ni 50 16 3 ) 11 3
100 18 4 13 4
Cu 50 120 16 80 20
100 160 30 80 20
Cd 50 40 4 36
100 38 4 , 44 4

Al KItB O TIRYEEE, BRCsHDY THEBED Al 2EFLTEY, AREKIE A E
BT A TFARED Al 2 TR L, #EMEBTLR T EB#EINS. Al ORINE
FRDNTIREEDI2 B Al BNUKHER D 5 KEHIIRET Al 8 FEPE 25 L 1
Al EERPERIC FET B ERNTV 3, T OTFEHIEERITHS VT $ EREOEm L
T oMz, FILCOEESIE Al ORIBTIEN S 3 CaSi0s OMFRIRETD 6 22
YR e

Mn 200ppm, Mn 500ppm MR OXIES JOEHIK 3 B Mo SFERVRED 5 h, Mn i
KRR B TR NN T LBV C EBEES NIz, $7c CaSiOs RIIDFEAH D Mn i3
CaCOs ZF & b 3 IEL 7 4 BBORME Mo OFA~OBT2HGEL T 3 L &SRS AT,

Ni BZES JUHEPOFERBMOSE IR L Y 3 FEL &L, CaSiOs #Inic & % M
FHE LD 5NITh - T,

AT & 3 RO EN 5 Cu BKRORICEREL, METOBITIE LT
ETHAHEINTHH?, LFHECBO TS, #HEHCBITT 28512 CA>NI>CuTah 3
LN HENH AP, ULHrLUIDERICBONTE, EESIVOEFAFO CudFX R N, Cd &
HEBWERZRL, HETEDETOSEEER,» SHEI N 3BITHOHE 13 Cu>CA>Ni
DIERITH 72, CDL 5 KBFEOBEAIEL - ERIC DN TR L »TxL, Zieh
® Cu &HZ i1z CaCOs RINT i~ CaSiOs RIIDENERRL, Cu OBNBTIc 3 3
4 BOMEEIREED SN h sz, CARTE W T 3 ZER L Vo Cd 5%
CaSiOs &%, CaCOs RFIDHE TEEII2H - 17,

3). EERNICSITIHE

Table 7 W[VEEY) OZXZERDOBBRMOSEE 2R LT, Cadi0s RO EKD Si02 ZHE
it CaCOs RFYCH~EZE UL EBWETH - 2, SSBEEMMIOTRIMIEREF 0 Si0, &5
HEED ZEAVPED 5N, & IKAIXD SiO: §FRIFEECEH NMERZ R L 7z, £z Al
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Effect of calcium silicate supply on the growth of wheat
applied toxic levels of metals
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Table 8 Effect of calcium silicate application on the alleviation of_metal toxicity

in wheat

Yield (dry weight g/pot)

CaSiQ3 Series CaCOg3 Series
Treatment Leaf and stem Ear Total Leaf and stem Ear Total
Control plot 22(100) 20(100) 42(100) 19(100) 20}(100) 39(100)
Al 200ppm 17¢ 77) 17( 85) 34( 81) 15( 79) 16( 80) 31( 79)
500 6( 27) 6(30) 12( 29) 5(26)  5( 25) 10( 26)
Mn 200 21( 85) 20(100) 41( 97) 18( 95)  21(105) 39(100)
500 16( 73) 17( 85) 33( 79) 17( 89)  20(100) 37( 95)
Ni 50 19( 86) 20(100) 39( 93) 17¢ 89) 19( 95) 36( 92)
100 17¢ 77) 19C 95) 36( 80) 15¢ 79)  18( 90) 33( 85)
Cu 50 19( 86) 21(105) 40( 95) 18( 95)  21(105) 39(100)
100 - 15( 68) 19( 95) 34( 81) 18( 95) 21(105) 39(100)
Cd 50 17¢.77) 17( 85) 34( 81) 18¢ 95) 21(105) 39(100)
100 16( 73) 11( 55) 27( 64) 18( 95) 10( 50) 28( 72)

( ) : Relative value (%).

Al 500ppm Kt Tid, X3S, FEL TR~ DD TEWERZ R L, Al
RITLBIC & > THREOEER ST By 6Nz, 72 Al 200ppm K iIT 5 0 T 3
AlBRIOEMR SNz, SHRKiCH~ CaSiOs RFIDIEHE, CaCOs RFIOILELLE b

PETEVETH- T, Al OBEECHL Ty 1 BOZESDTHCED bhi,

INEXBNTH Mo OBEEOBERERIENTH - 7.
X &EXZE2 L, Mn 500ppm Xz T 3 WRXICH~NTRENEIRE EF 512,

T 725 Mn 200ppm XONE & 3

NIRX & B L 7ok, CaCOs RFDS CaSiOs RFI L b 3 LLBNEAVED shie,

Ni, Cu fiRDONEILE S0ppm KIZHINTiE, WRRKEIZEAFELNERZEE TH
h & 100ppm R H T EWRX & @AELPRENRETH - 72, 2N, Cu BEFEi 3

T A4 BOPMEITID LN 5T,

Table 9 Effect of calcium silicate application on metal contents of wheat

CaSi0g Series

CaCQOg Series

Treatment Leaf and stem Ear Leaf and stem Ear
ppm on dry matter basis
Al 200ppm 160 48 240 64
500 440 96 480 64
Mn 200 478 120 284 124
500 545 164 367 164
Ni 50 7 5 9 4
100 10 6 10 6
Cu 50 40 28 40 28
100 40 20 37 20
Cd 50 82 12 42 12
100 65 20 91 24

ZULT
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Cd Ric 12 T CaCOs K725 CaSiOs R & h BWERTR LIz, Cd S0ppm X0 ¥ &
12 CaCOs RIITRFRBXEAETH b, CaSiOz RIITIZOPENETDH - 17,

2)., EETEORINBITE

Table 9 WHML - £BOXEESL L OBHOESERRRLIC.

2ZEAD Al, Mn, Cu B LOBAO Al OFFRIIATL Y d/EVEEE L, ¥k
Cd 0%, #BEHOSEREIENETH -1z, CaSi0s FF& CaCO3 RF] & O EFE iz Al
200ppm RIBWTEEEE, FL i CaSiOsRIIDAL B HER BN - 7205, 2Dtk
TREAL»REACENEED ST,

3), EERRISKITTEE

INEEY O EFEP DRSS % % Tahle 10 KR LIz,

CaSiOs RFNiT 11T 3 Si02 FEFHE CaCOs RINTH~NTNTHEECEP -2, 72 Mn
500ppm Kz T, CaSiOg %, CaCOs RF&E & PoOs, Fe O EEMMOUNEK i
{BNEL A EANED SN2 OBEER DV TIREL AT,

Z DO BREBHRMXIZ, CaSiO %31, CaCOs R éﬁﬂ’élztk%m;mﬁfaa - 1.

% £3

AEFFEIZKAE, NEORESBEICL 2 EREEN S ABI VYT AR L > TEDERE
R LR A b B A B 12D TR A BOEN T+ 82 B T2 O TH 525, X
BX (&EEERN OFFNRERKRE, NEE3r 1By sORMICE b KB v
AR N RGN SIZANE: - Jilly Y s il

SEERNOESEOHREIPEDLS>TH Iz,

T ALRDWTTH 2D, EP0O Al TR DWW TR S VZANAFRARRIZL 6~TH
WS, S Y - T AT ZEENRONA L EEREL TV A, FERITH N TIZ AL
S00ppn XD KFEOEBNEDETOHEF/NFEILL bNTKRTH 2. ZOEBITDW T
WEH S TRV, MR UDE) EKSE OKRE OZEENFR—0KBEETHE L &
AL LR -TERZILUIOTRZONEEDN S,

F 2O Al R BN H 2 LT 2D, FEBRRSNTRY 1 B
BT B BVIRRBINVY Y ACE - TFHEO pH (He0) 6.5 BEL T % 38

(B4 pH4. 4) %D AiCls, 6 HaO DIRMIT & - T Al 500ppn [X T3 EBBIARS + 58
pH 4. &7, FIUEERRICIZKTET4. 2, NETIOET LTI, o eizdn i &
LML Al O—Eiz (B AWV HEHRD AL ) BNTRELREBIE - 1 & 2R L
TW5A, EEARISED Al 2L, FZE BABTLEL. AR 2EFHZE N
HE X DRI S RO NIcOEKFED Al BEMNE LS ATh -1z QOELLE) TE
rrE@Ebhs. NEOAEEIS ABERMCE > TETERINAEENED SN 72
H3F O & » T,

Mn ZEHEPTF AR, DERE SBRFRE» - 7o, KBLBO TRy ABIVYY 20
i Mn OEHEN S FEAOBIT2HHE L 72,

AEERICIH N TR, NFE $ Mn, Nj, Cu, Cd ZROINEEERKITS 5 XTRRE O
BET, (hbDE&RIC 5EFE HENEN» 5 72, QUELLETTE 52X Ca 25 Mn & %
Bl 5 HWELTE D, kot Califirt - THEFO Cu FRBEBEEEL £ ),
THAD Cu FEMFET U ER~NTVS, Cap¥+EpH2ED T Cd 285B{LL, #EH o0
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BRZME T2 ELAMBNTAY, Ni § Cu, Mn & YBE{LEMEEOHELIL 12 B
BARTHALERELSE, M, Ni, Cu, Cd ZXOBEY HENED S 72 D 13 Ca iR
ML 2pHERMREZBATINVTS S5, oKD Cd BBNERL 5T A 2 4,
B BB - 10, FROBTOETIE Y CAdHibwick b CdSithidbh, F
BALLI® e & Bbin s,

EEBOERN Ly TBOYRE UTED ONIORKED = » & VIBRE, IEOT N
=y A BREEBCH U TETERIEDD - 12 EBITKBOLEES LE~Dv 7B
fT2&PoMEILICETH 5,

i =3

TERRBRICEET AT VIS A, v H Ly, o, @ELIOHF T AWKEE
BLIPPEROEET L JITTEERC OOV TEHCRML o @B 1 RO RN S EERE
PEET A 0EPRONWTHRHL, 280X 5 xARBES .
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