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BROXER[1], 2BFER: SARAWGUBLRAHF,ZAEE, RPBLRSRARE.H
B K BERATEEK, EXBERNENBLERFBHBETEKRN, & 70°C T, #EkRNE %
TERI o

X cd SEORE: ) FEHRROHE: BR12s BRAOSERSFER, 2 530&E M 10 X7 1IN
HCl, BRnERNEBTFK (BREERAN 50 &FH), kKK M0,0.2,0.4,0.8,1.2,1.6 2.0 i
Cd (FRMEIR ¥ 1 % CA/8EF), RBHRM 0.4 EMADTIR MBS, % %5 65 FL A0 oy BIAR N 7M KI 3
S EF,BRGEEGEMA 10 R MIBK (BARTERE),BARE—2%, 88, 25, HHEHA
FRFGBKRE (B 22888 ), (2) Mk KRCLSERHE 70Cc TTFRIOER2%E, A
FYEe- Gt WERE B {t (HNO,HCIO, = 4:1), BE %A IN HCl 10 BABWHEBE 125 BFH5
BRR,AMEREETAERGRRAN S0 BF, ARG R ME GRFME 0.4 58, HES RS
R E R,

L Cd RE: KKK, ¥ 1IMRT, R 80 FLo%, B 0.05N HC IR+ MR i
CdvM, HOBEEY: ¥R 20 B+ BT 100 EFEE.LE D, R M 0.05N HCL 40 BT, EEBERGHH LRY
55090, d 8, RERREASHEHEX D Cd SBERNG ERTHE.
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Fig. 1 Relative yield of plants (dry matter, 8 wecks after
transplantation) as affected by addition of cadmium,

phosphorus and zinc compounds

B, EMNHBHZERRLENEM, L 4(CdPwZn) FREF, X 43 R 165%,
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“ AY
PR P-Zn X EHRMNHBIRIW:
Y, = 10.21 + 0.0821(P) — 0.1158 (Cd)
— 0.0574(Zn) — 0.0007(P-Zn) (1)
H R =097*", EMEIRABNE 1% WBEKE, RB Y, HEKXKTHHRER (5/
), (P), (Cd), (Zn) BN EMEBI LM P, Cd, Zo HREERR/AT )0
2HEa”E BAREMENEE (CdPlZn WREN 100%) FITH 1. HIKE
1 FENHAR.WAFLEHHNBE-EOEKPARENER
Table 1 Rice yield and Cd concentration in brown rice as affected by addition
of cadmium, phosphorus and ziac compounds
it ]
Treatment BAFE (g/plant) | Fxi<R(%) [BKCdRE (ma/ks)
cd ) 7}( ) Zn Grain yicld Relative yield Cd concen. in
mg/xg
0 0 0 15.8 cde 100 0.08 k
0.1 0 0 19.9 ab 126 0.16 ghi
1.0 0 0 18.2 a-d 115 0.19 d-g
19 0 0 15.9 cde 101 0.24 be
0 50 0 19.3 abc 122 0.15 i
0.1 50 . 0 19.1 abe 121 0.18 -
o 1.0 50 0 20.6 a 130 0.21 ed
10 50 0 17.2 a-b 109 0.26 b
0 0 10 14.7 d-e 93 0.08 k
0.1 0 10 16.1 b-e 102 0.16 ghi
1.0 0 10 16.0 b-e 101 0.21 dc
10 0 10 12.5 ¢ 79 0.24 be
0 50 10 17.0 a-d 108 0.17 j-i
0.1 50 10 18.3 a-d 116 0.20 def
1.0 50 10 17.4 a-d 110 0.2l cd
10 50 10 18.1 a-d 115 0.31 a
0 0 100 7.9 ¢ 50 0.12
0.1 0 100 5.2 fg 33 0.19 d-g
1.0 0 100 5.6 g 35 0.17d-g
10 0 100 4.0 ¢ 25 0.24 b
0 50 100 5.2 fg 33 0.15 hi
0.1 50 100 6.3 fg 40 0.17 fi
1.0 50 100 .5 fg 41 0.18 d-h
10 50 100 4.0 g 25 0.24 b

#: ER-FINBHERTENPHEZAREIEER (P =0.05, HELEMTH),
W Cd 1 Zn (Cd: 10 B3/ A5 Zn:100 B/ ATEBEF~BRRXYBRDT 5%, F—
® J3TEL4E Cd Ml Zn §OIREEERARAD, EMN RMMT BB, & 2o RERRNHMED
RBEH, BRELMKEEDT P-Zn PRERNTMEIRT PRAM . Bingham H
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BEFESHEUNERUE Zo HRELALRPEFBS); Haghird® EHTATHR
&b BRI,

AMITEXNBHEEI,,BA Cd REMYMHNSLETEK, BE T HPEMEURED
WEHMAEERY, BR 1A EXRREET, SURM 0.1 /A TH Cd, HE%
PRI 126 % , T{LEM 1 B3/ ATHY Cd, HENPRAMNEN 115%, HiXHE
MM ERFEBHNZEEER, EMEEREN Cd B aTee s T ARBAER, Ti¥m
TERNFR, Xt Cd FRAEFGBERREN—AHE,IE—E&£LT cd EHP
BABASHR, KA —EMEL R, BEREEREGE D, EXRBIHTFLERTE
. EEENENE,LEEITLE, Cd WEMDRRE“ERERN—-AEERE. SLEPY
WRP,BAFERNEMS Cd, P, Zn ZHEPIXRTHTRER:

Y, = 17.24 + 0.0466(P) — 0.1850(Cd)
— 0.1115(Zn) — 0.0005(P-Zn) (2)
H R =097**, Xrh v, REAFE (GE/#%), (P), (Cd), (Zn) HHRFMEI LM h
B Py Cd\ Zn KRB (BR/AT)o TIREKZEA (P-Zn) NEITARBBE (P = 0.05),
HEOARBUARDE (P=0.01),

FERQOEBHRATEA>ENE P ICAEATEM, XEHT /IR L8k P N
o HWKREN Cd BETHATE, THEAHTHERERNME L TREAE KU KL
FTRAR™, BREMN Zn UK Zn-P 1 Zo-N-P UK ERN A THEEKRT N, P 3t
HYOBERYE, NIRRT EAM K,

BE-~BrOEFR(HER DEN\BRTHHR~ENERFE TEX 1) +4
BULEZRTYREAMRS-EZEAER TR, AU E£XRAHT, 28
HTHRERH IR B AEN BB K.

(=) BEGERARNSR

Cd\P.Zn EEP EMFMERE P - LERTENSE, BEPOLEH. 9.5,
B EHTNENGTESR(F BFITR 2, HRERZHEM Cd HETHESD Mg,
Fe Zn 1 Si 09K KL, T0 & NHIR BERUEM( R&GBERE Do AE P, Zn REEEMA Cd K
FINBEER—EEFTRSENZMCESEIFIT R HRTA, M PHMTB/E
th P, Fe, Mn fIRE, TIMEMKRT Ca, Zn MIENKIKE; Zng RLEEMT P, Cu, Zn
M NAREMMEMT K, Ca, Mg, Fe, Mn 0 Si BUIREE, HEDTEE, Si, P LN
HIRBEETRZ Zn-P 0 Cd-P-Zn XERMANEM. BEH—ETREEORD, TR H
TRERMRIEAAMOFRTOBD TAHKEE, RELHTEDORLERFTERY
MR, —E TR BRI =T 4R R B T 4 M A 5 SZRE o FE RR O 7R 58 2R o

(=) sk Cd HER

fokh Cd RUIREERES LR M Cd REMMMTMEM, Cd RENBEED N R
(Cd(,PoZno) #Y 0.08 Z3W/ AT E] CdiPsZng #Y 0.31 BR/NfT (% 1)o Cd-P, Cd-Zn EA
R P-Zo WXERNFAHEESMEMBERKT Cd FIIRE. —RUR, XHP Cd KE
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Table 2 Analysis of variance for the conceotration of total Ny Py K, Ca, Mg,
Fe, Mn, Cu, Zn and Si in rice straw (F-value)

N P K Ca Mg Fe Mn Cu Zn Si
4R (Treatments)| 16.16%% 6.20%% 10,28%% 2.37*x[ 3.07%% 5.61*+ 6.23*% 4.08%% 5.89%% 13.79%*
Cd 3.76* | 1.86NS| 2.23NS| 1.92NS| 5.33*% 4,92%% 2, 56NS| 2.03NS| 4.48*% 14.57**

P 4.31% | 13.20% <1 5.95% [ 2.78NS} 4.59* | 6.40* <1 6.01* <1
Zn 158.72%% 45 87%%/108,72%% 10,09%* 19.40%*| 44, 44%%) 55 48%% 36, 57** 49,80**/120,.78%*

Cd-r 1.72NS <l <1 <1 2.14NS| 2.66NS| 1.30NS <1 <1 <1
Cd-Zn <l <1 <1 1.09NS| <1 1.2INS[ <1 <1 1.73NS| 1.32NS
P-Zn 6.38*% 1,73NS| <1 2.36NS[ <1 <1 1.16NS[ 1.08NS| <1 6.02%*
Cd-P-Zn 2.55% | 2.77+ <1 1.74N8] <1 <l 1.67NS| 1.06NS| <1 1.58NS

*,0* B 5% W 1% BB EKFE; NS, REX.

%3 BED—EENTROSE (N4 G K¥,EAEEHFHE)

Table 3 Contents of some nutrients ip rice straw (mean value, 4 Cd levels and 3 replications)

) Cd (05 0.1, 1.0, 10) (mg/kg)

P Zn N P K Ca Mg Si0, Fe Mn Cu Zn
(mg/kg) (%) (mg(fkg)

0 0 0.85 0.10 3.04 0.13 0.30 12.8 115 711 3.6 45.8
50 0 0.71 0.13 3.00 0.13 0.30 13.0 119 755 3.4 40.2
0 10 0.92 0.13 2.85 0.12 0.29 12.6 107 663 3.6 46.3
50 10 0.77 0.15 2.89 0.11 0.30 12.9 112 718 3.4 44.2
0 100 1.37 0.19 2.17 0.12 0.27 11.0 87 555 4.9 62.4
50 100 1.47 0.19 2.14 0.10 0.28 10.3 93 563 5.3 58.7

FEAEN PR Zn W THE L8 Cd REMRINTHM, FlmbmE 1 FIRESE
HEETLEE Cd RIRE I CdP, H 0.09 B3 /A TE CdyoP, B 0.24 W3/ AT, M
CdoPy B 0.16 223 /A FTE] CdiPy B 0.27 R/ AT AU S HEBRT ENZANBES
$to {HZE Cdyy I Cdio Hf, P R1Py, ZHIREREER, XEHT P EWHE fel, Zn
XEEK Cd MREORERYEROEN, EEER 1 ESTHERTUB MK
o1 Cd MIREEM CdoZn, B 0.11 BE35//AFTE] CdiZng, K 0.14 Z /A, B Cdyy B
REFE, Cdy, Zn, 5 CdpuZng 3% 0.18 T3 /AFF, Zn BIBRMY Cd MKERBRE
Mo MK Cd BUMEEM Cd,oZn, 9 0.20 3535/ /A T F] Cd,oZn, 8 0.21 B/ ARG
BOF] CdyoZow 8 0.19 BR/AF, SN ENEREAEDELER, 7 Cd, K&
B, $XKh Cd BIREEER CduZn, B 0.25 235/ A TN B CduZny, BY 0.28 25 20/2
&> RIGBAE] CdiZng H90.24 B35/ AT, CdZn, 5 CdyZn, F1 CdZng HWEZH
HEDEER, BRMSNRERN MRS Cd REIREEM, Cd WIKE B PZn, B
0.17 B35/ AT HME PZog 0.19 BR/AT, GHAHENREEEDENE R,
Cd HIWRBER PwZn, 19 0.20 R/ AFTHME PZn, 89 0.22 B2/ A F) R IS M 1K 5
PyZny B"] 0.19 %ﬁ/’l}ﬁ:: PsZn, 5 PyZn, F PyZnyg ﬁ%ZlﬂﬁEﬁ%%?o Bin-
gham %5 AWIRERE N SHGEMINT AT Cd &R, XHMMAT SRR T— ki
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BRTIHMEE&KTN Cd NS T L¥ME &S Cd Bme,
Z IR HEIEIS TR R TR S Cd MRESLBRENTIIXR:
Y; = 0.135 4 0.0103(Cd) -+ 0.0009(P)

+ 0.0003(Zn) — 5 X 107°(Cd-P)

— 3 X107*%(Cd-Zn) — 8 X 107°(P-Zn) (3)
H R 25 0.70*%, Rep Y, Btk Cd RYRE (BR/ AR, (Cd)s (P)y (Zn) HRIRE
BB Cd, P, Zo BIREE(B T/ AR HERGIERBHRUTHKS Cd WIRE
Bi# Cd\ P, Zn JREMIMMTIHM,. H T RRZANNRE Cd WEIDABEREE (P =
0.01) MMBRRAMEM BARERFEEFNMKPRAFIFRY Cd REN 1.0 B/ AT,
BABBR (3), MEmB L8P Cd ERARBRAG TANBY 84 B/ A, X
ERKET Bingham FAWFRER 78 BR/AF,, X—ERFAREET AANLRFR
HR .

(m) %k Cd phRERLBHTREN Cd BIXR

MBS BSFRFNLBPBRTRETRTREIR, IHRTRT
ERLSBERAOBRLORE/LEALRZIMNAOBE, Katyal T Ponnamperuma™ % &
T 0.05NHC py BBk MEa %M Zn; HJ5, Ponnamperuma HM X FHiZEREH
R, FEABWMBENY LAEMZ L, FUEARRES 0.05N HCl 378X IF
Mk Cd pkEER TR ETREE Cd %R, MMEIES RIS Cd K
BeFIERat R L iy 0.05N HCl WI#RERY: Cd A& B E ML

Y,=0.16 4+ 0.032x (4)
Hor=075*", Kb v, B¥KP Cd WRE(ES/AR), * &1t 0.05N HCI 7
BEME Cd (BE/AF)e TRERBEHER (4) WEEMMRE 0.0l KEEE, mR
FHER (4) REERKD Cd fKRE S+ MG 0.058N HCL TERE cd B93%R, R
PA 1.0 /AT A AN BB AR KR E, P44 185 0.05N HCI gyl 42 Bk
Cd 2% 26.3 B3/ AFELMANRSEH 1.0 EH/AFTH Cdo Bingham % AP B1RHE
I DTPA-TEA $2IREY Cd WKEF2b 39.8 23/ A TR, IAMKTH Cd SRUA 13
/AT Takijima™ % 588 0.1V HCL M+ SrhiE e Cd 3% 15.5 ZEE/ AR
BB Rk P P W B Cdo
CEHLEMTD Cd EREREEA Cd REZEEXERF, REREEDN &R
RRKZETZRHRETFCLENRBINEHEE, B o FWE=4EE Cd B>, &
FALRWERNETENT AAR Cd W—FTEA—2 MK, Bl 005N
HCl ATk Cd ®EMNE A BES T8 — 5 HM .

(Z) s%kch Cd BERE DTH

BRITHEEN Cd WaRMERESTRN—ARE, BRNHRERREKTR
KAFRA 1B/ AT, Bingham RERBUSHET I AR TIER S, MR 300 5%
Cd HBABRBERATEINVE, BL2EBAPOREKALTR X 0.4 Z /A ;5 FAO/
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WHO® %Jkiﬁ‘*“’?&ﬁ?’%kﬁ%ﬁﬁi 0.4—0.5 E3g Cd, B AR 5771 &
% Cd {E A2, ML ERREZAZERR K, BESAERE 250—300 Hhs
KHZEALRE Cdy LEMEKT Cd SR 0.26 B/ AfF (R 1), BMAWBREER
YA 65—78 T35 Cd, K HIREB M FAO/WHO MR £KPMIRT Kb, B
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YIELD AND MINERAL CONCENTRATION OF RICE AS
AFFECTED BY THE CONTENT OF
Cd, P AND Zn IN SOIL

Chen Huaiman

(Institute of Soil Science, Academia Sinica, Nanjing)

Summary

The effect of the addition of Cd, P and Zn compounds on the yields of rice grains,
plant shoots and the content of mineral nutrients in straw and Cd concentration in
_ brown rice were studied in the greenhouse. P increased the yields of rice grains and plant
shoots, while Cd, Zn and interaction of P and Zn decreased them. There are similar li- »
near regression equations for the yields of rice grain and plant shoots. The linear re- ’
grassion equation for rice grain is:

Y = 17.24 + 0.0466(P) — 0.1850(Cd) — 0.1115(Zn)—0.0005(P-Zn)

with R"=0.97**, where Y is grain yield (g/plant); (P) is concentration of added P
(mg/kg); (Cd) is concentration of added Cd (mg/kg); (Zn) is concentration of added
Zn (mg/kg); (P-Zn) is interaction of P and Zn. The mineral nutrients in rice straw
were markedly affected by all treatments, The Cd concentration in brown rice inecreas-
ed with the increase of concentration of Cd, Zn and P added. However multiple linear
regression analysis shows that only the Cd effect is the most significant. The Cd con-
centration in brown rice shows a highly significant correlation (r=0.75**) with Cd in
air-dried soil at harvest extracted by 0.05 M HCl. The toxicological evaluation of Cd
concentration in brown rice are discussed.



