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Effect of Various Cadmium Compounds on the Growth

aud Cadmium Uptake of Paddy Rice

Kyu Sik Kim*, Bok Young Kim* and Young Sun Park**

Abstract

A pot experiment was conducted to clarify the Cd uptake and levels affecting yield loss accor-

ding to the growth stages of rice plant. The cadmium was treated with several Cd compounds Cd
(NOs),, CdCl,, CdSO,, CdCO; and CdS at various concentrations of 0,5,10,25, and 50 ppm in soils.

The increasing rate of Cd compounds applied to soils increased the Cd content in plant as well

as grains but the yield was decreased at high cadmium levels. Cd concentration in soil which could
affect the yield decrease were 12.9 ppm for Cd(NOQs),; 21. 5 ppm, CdSO,; 25. 8 ppm, CdCl,; 33.2 ppm,
CdCOs; and 97.6 ppm, CdS respectively. Cd concentration in soil reaching at 1ppm of Cd content in
brown rice were 13.8 ppm from Cd(NOs)z; 14. 4 ppm, CdCly; 16.9 ppm, CdSO,; and 19. 2 ppm, CdCOs;,

respectively. Cd content in brown rice could be expected with the Cd content in plant at panicle

formation stage.
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cadmium & 19614 HZA i)l kol A “Itai Itai
7ol Bikst A A MRS ks s el 1P 19684 H
EBIFE o] K Atz HuEstd =, 197040 &
Tk cadmium o] FAEEEE 1.0ppm oz Eshy
o5 @ Qgvlale| X 19784k cadmium o] X feds
WY WARES 1L.Oppm o g ke o

Cadmium & £z BRESTY), BHFEILY, 44T

B, PRESHIIE 2 gulg@dyq giis & BEke &
st B, sl miASYel cadmiumo] 0.1~
0.5%v 9= olo Rz NHAKAA LR
= B, WE W ik S K3ld BHE =z glen,
BT efolo]ol = Cdrt k=l Fidiuige) A
WE EHAZ G o ©

Cadmium ] +3d HARERS ZHTOE 0.41
ppm, MWEE® L 0.52ppmolztw dtged 19 Xk
Wae TR Ho ol BE o BKEE &
<+ 9 0.05~0.09 pgo] b= Gertz sty oy,
TH W Sl S A BilEE A%S5Y  cadmium
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DL cadmium o] ERY ARE Aol HEME
7S BEES FHY T Atz stg 2 Sch-
roeder!® = EmEE-g, Lewis S0V (GHEET RS
dogittm #Esta gl weld cadmium & #3EA
AKEak obel BEHAES AR LB HHR
2 A Aq7dA AESE BEHDE Adel v KFHo
RS cadmium o] ] ket “RMWA BEE
7tH o MEEEC] Higd Aoz 474k

Cadmium of 8 &yt KEHEHE2A £ HiEe
BokUPete 1S BEAA FAV BKRYS, gge
o9 CEBHYY & BEMY KRS RRE THEEY@c-
cumulator plant) #8'¢] $hi el EHFOP, K
ol vl EL9Y Ho K FHRLHS W %9 FHEko)
F2 WHse $tov cadmium Bl B & K
e AF 9 29 Blgel #abe = ofA PR ¥ ¢
o] AFgEAAE 4 K] I cadmium ] PR
Biz cadmium o] BERES WWEEE £8EHS] B
3o kS Yegel vl & cadmium 9] WEREL
#ig o okehe] cadmium W E S WA 2 &
RE #HEQ

HME A K&

1. fiREm

LB EEL)Y F4E FHSG e 19 By
HHe pH:5.6, Cd:0.04ppmo)s, [B ion F#%A
ge Ca, Mg, K71 #z# 2.1, 0.6, 0.23 me/100g ¢}
% et

2. Cadmium {L&4p2 #H

Cadmium {£& %€ CA(NOy),-4 H,0, CdClz-Z% H.0,
3 CdSO,-8H,0, CdCO; % CdS % 5488 {LEBsko
Heatst gl ot

3. Cadmium +igm®E A {Eh#E

HA4- % 16 kg o] Cadmium & LWz BERLE
A %% Cd 0,5,10,25,50 ppm o] HA FEEsz vh4|
EE MR WEE RKo8Ee® 15:9:10kg/10a¢] %
EE - R¥E, EBG, #WtinEE 9.8gr, 5.9gr, 5.0gr
st L@ 2 @aA 7% 1/2,0002 wagner pot
o #& FHA 7= gokstgh. EHFEE KL 50%, 1
FEEIE 30%, 2 ZEBAE 20% = st o BEEE
He 2EEE Rt

B EE KBEE 2350 & #ok# 7THel 458
BE potE 44 144 10804 6 5 10H o Brstd
I W 108 §i7hR] g doksk g o

GHEAE RESEMTH 185) 9 YR EA

20H) el BH& 1%, WBEHQ0E 10R) 2#H4 BR
sof BpE @ASc. '

4. TiF 5 AR

4] pH = pH meter(Fisher-42%) 2 M+ EH S
LR Fol MiEetgd = e cadmium ST
Bi5 4 e 20 mesh 2 §@E\AA 418 10gro] 0.1N
HCl 50m! & stz 18R BEA 7% No. 513 K
2 e prRwez dglch 9®
CHEMEEE 105°C o] A REHRA A # FFEL 20 mesh, K
k& 60mesho] BiBs =& HRpsled fHstgd o,
& Ternary solution(HNO; : HCIO, : H;S0,=10:
4: D22 HEAA #HRAKoz gz FThE 30
grs TP Ao FE3te hot plate kol 4 Rk
A7) #% BRMBG0°C LLF) oA s858s] KLAA BH
# HCIO, 2} HNO; & 5m/4 jnste] Ik EA7L
b2 %% 1N HCl 25 ml & Jngle] water bath E
oA 54 H BEAA KR WEE Koz st

- atomic absorption spectrophotometer(1L-251)2 ¥E&

228. 3 pm ol A cadmium & FiE et o}

R U ER

1. % R ,
Cadmium {54 582 Cd =4 0,5, 10, 25,50 ppm
BER ¥ EES KB M 103172 MK
AKebe] BMEIG BE RKES E 13 o] HEE
106.8gr/pot off te3led] CdS & BRLE # Cd(L&ip
2% cadmivm EHEES T 45 Wil Miks
L ez Cd(NOy), : 10ppm, CdCly: 25 ppm : Cd
SO, & CdCO; : 50 ppm ol 4 HEMADE WilkE A

2t
Elg Rl K3t AR cadmium LEWH] H
B MEKBERA 9 k4 Cd1.oppmo] HiE
FHRREE £ 2448 Zol Cdibatpel HERZ
st WRERAE CA(NO,), : 12.9 ppm, CdSO,
Table 1. Brown rice yield by concentration of
cadminum treatment in soil
Unit : gr/pot

Cd concentration (ppm)

Compound

0 5 10 25 50
CA(NO;),  106.8 99.2 91.3% 90.0% 69.7**
CdCl, 103.3  103.2  89.0%  8l.3**
Cdso, 103.3  96.2  91.7 61.5*
CdCO, 104.3 101.7  96.7  90.3*
cds 103.3 100.3  96.3 93.7
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Table 2. Cadmium concentrations in soil affec-
ting yield loss and reached at 1.0ppm in
brown rice

Unit : ppm
Cadmium Compound
Contents
Cd(NO;), CdCl, CdsO, CdCOs; CdS
Yield loss 12.9 25.8 21.5 33.2 97.6
Bown rice  13.8 14. 4 16.9 19.2 —

: 21. 5 ppm, CdCl; : 25. 8 ppm, CdCO;s : 33. 5 ppm, CdS
1 97.6 ppm o} ki cadmium 1.0ppmeo] HE L
W= Cd(NO,:13.8ppm, CdCl;: 14.4 ppm,
CdSO, : 16.9 ppm, CdCO; : 19. 2 ppm ©. 2 E}yte}.
G2 4.8 cadmium 25ppm o4 KFE
WERKE 7 ot shgx, B E 50 ppm ol A
#scsks) #hfEstz 200 ppm ool A iR = spglo=,

SEEE LR

A2dE Al13 (1983)

s & CdCL & Lo EEsle 5 $oxd &
B ge cadmium 25 ppm 4] 6.9%, 50ppm o)A
4.9%, 100 ppm ol A 9.9%7F Wik otz 34l .

& R A e EETERANA BES KERK &E
MRA#EEES 12.9 ppm 3 FEIZ 10 ppm EHEE o A
WU 16. 8% FH#E 5] 100 ppm oA = 9.9% WKL
Holvha e #ERer FEs & BEAA BkE
ol Axwl ol i L#He] W42 4 pH It 5.60]
SR A R} BREEESE S ol RfiEel
Faotgl 7] #-Ee] cadmium o] &3 WEWM BESL
Fo Aoz A,

2. &WKR

BRI A 18R) WBBRMGA 2H)d
£ u XEE BEY BRvc K 3449 o] CdS &
otsta BE {L&%e] cadmium EHEESl o<
E 4hHel FRE Himo] A=t

Table 3. Yield components of rice plant due to the concentration of various cadmium

compounds

Stage

Maximum tillering (July 18)

Panicle formation (August 2)

Treatment (ppm) Height (cm) No. of tillers Height (cm) No. of tillers

Check 75.0 35.6 83.9 34. 8
Cd(NOs). 5 70.7 33.0 78.6 34.8
10 68.7 32.1 75.8 34.1

25 58.0 27.8 67.0 31.7

50 53.7 20.3 61.2 22.8

CdSO, 5 69.4 34.0 76.1 31.3
10 68.9 34.3 75.6 31.1

25 57.3 26. 4 66.8 27.7

50 50. 5 18.9 59. 4 24.2

CdCl, 5 70. 3 35.3 77.8 32.8
10 67.5 32.9 75.4 28.8

25 569.7 25.9 69.4 28.3

50 52.6 20.4 62.6 23.7

CdCO, 5 72.6 33.9 80.6 35.6
10 69.8 32.3 77.4 31.1

25 63.1 27.7 71.8 28.5

50 54.3 20.7 64.6 24.8

CdS 5 75.2 32.6 82.8 31.7
10 74.5 33.2 82.7 32.3

25 74.0 31.2 82.7 33.8

50 75.9 33.1 84.3 32.3
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Cadmium {b&Hpd WRmREl BIERAEEYD 12.9 WEE M oz A4snz RKEREEE

ppm 2GR HWEERE 10 ppm ol 4 SN AR WA BEL S w3 Aoz #HEdrd.

o AHRHME 2 HRE CdClL<Cd(NOy),=CdS0O, 4. PG Cadmium i

<CdCO;<<CdS 9} JEe = 2 » K E CdCL<CdSO,= HYpa+ cadmium SE-E FE 4049 o] FHEs
CdCO;<CAS<CA(NOy), ) JEo 2 wolzlon HER
T B, RESEHEYSE SREEEAA o RR
¢ fEiEo] k.

SEET R Dkl EHBET BEE 8A 148 S 1o
B 7L pot & HEe] A REI HR WK,
cadmium & ppm, CdCO; 10 ppm & 2 CdSiun 8H
280 ol H_,{ﬂ:s]gi v} cadmium 10 ppm 3 25 ppm & &

Control &

8

Y~1 14x13.93
(R~ 0.889**)

6 Hel 9 }q 4 Hd) 50ppmE= 11849 98 9 H g A Cd(NO3)2
HHs ol CAS & Wststz =E fLA%el cadmiumygr  § M) ; it
B E S M i e miel o 5 * cicor
3. Wl BaEel MK 3w} "o
4 cadmium EHEE o] =& B B
3l BAfRE ¥ 1A o] EHEY HEMIE ol .
el ABAMEE e Sl BHdo) CA(NOy),, Cd- ) ‘ ) .
Cl;, CdSO, 50 ppm ol 4} 62.8%, 60.4%, 57.8%% = 60 70 80 %0

Maturing ratio (%)

SlF o GHEIRM ik B Yo Bgstgexr
2 cadmium EHES] B0l #in= el WEe ¥  Fig. 1. Relationship between maturing ratio and
£ Fo B BERARERD £40 & R4 yield of brown rice by cadmium compounds

Table 4. Cd content in plan at the different growing stages with various Cd compounds
and concentrations Unit : ppm

Cd concentration in soil

Stage Compound 0 5 10 25 50
Is* ark¥ Is br Is br Is br Is br
Cd(NO;) . 1.1 10.0 18.3 20.8 24.2
CdCl, 9.2 15.9 20.1 25.2
Maximum CdSO, 10. 2 18.2 21.3 24.9
tillering CdCo, 12.2 16.9 19.8 28.7
Cds 1.6 2.1 2.4 2.8
Cd(NOs), 1.6 6.3 10.5 12.6 19.7
CdcCl, 5.8 10.5 17.3 19.2
Panicle CdSO, 5.3 9.3 19.8 20. 9
formation CdCOj 6.5 9.3 14.5 18.0
Cds 1.7 2.2 2.5 3.1

Cd(NOg). 0.62 0.024 3.05 0.321 5.49 0.690 9.07 1.581 16.89 4.073

CdCl, 3.24 0.346 5.40 0.527 7.60  1.711 12.31 3.611
Harvest CdSo, 2.87 0.400 3.13 0.619 7.33 1.742 12.02 2.495
CdCoO, 2.60 0.406 4.73 0.728 6.27 1.148 10.38 2.423
Cds 1.29  0.025 1.55  0.060 1.71  0.101 2.02 0.225

*]s : leaf and stem **br : brown rice
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Fig. 2. Cd content in leaf and stem with
various cadmium compounds at different
growing stages

S L j:iﬁgl cadmium JZHRE L Foid 5 2
GEe] &L Il et

219 2«] WeEEN BERRES MO L ca-
dmium JFE#EEQ 10ppm el 4 LHRHENE Eid
cadmium 2 ¢ 29 CdS & itz 2E {La%e)
TR 16~18 ppm, HHEGHIRIE 9~10 ppm, i
¥i 3~6ppm e 24 Wz A9E dolzvt. CdCL
9| BB e gE 15. 9 ppm, SROBECH 10. 5 ppm,
Wi 5. 4ppmd A ke cadmium FEe] 0.527
ppm o] glvh. g & CdCl, & cadmium 24 25
ppm GEFRIE W LS 7ppm, LKE 1.0ppm o
Helekz srgivh vk % 4ol A W R cad-
mium % &E CdCl; 9] cadmium 25 ppm o]l 4 7. 6 ppm
L2 ol & f#EFel 25ppmel 4 7ppmo| AE 9ok
2 @MERASE BT GRelg Aoy % 24
A %%k 1.oppme] Hi& 4y cadmium @y} Cd
(NO3), : 13.8ppm, CdCl,: 14.4 ppm, CdSO,: 16.9
ppm % CdCO, :
LITFel Al kel 1.0ppm -2 ZH3gct. ol 4@
o] CdCl, & Cd =4 12ppm &Mk &Kol 1. 03 ppm
of EFH ATt HET A B MmEprad =
Kol 1.0ppm & &3}

XREBE/EEOELE 28 348 3ol s
Bl A ShRBEEE AT FobAl & fHe] 9o
MUY IR S o B M cadmium 10 ppm o 4]
CdCO; = oW : 4.3%, $HHMEY :7.8%2
Cadmium (L& ¥ A G8/ RIERTEEA 74 29k
o} ol A £ CdSO, : 19.82%, CdCO;: 15.4%,
Cd(NG:); : 12.6%, CdCl,:9.8% 2 CdS: 3.9%2] I
o] i ch.

19.2ppm 0.2 =& {k& 4] 25 ppm

7 %8s A A2d A1E Q983D
20k /' CdSi,
?3 sk CdCin
:
=J a CdiNuy'a
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Maximum tillering Panicle formation Harvest

Fig. 3. Ratio of cadmium content in brown rice
per leaf and stem with various cadmium com-
pounds at different growing stages
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witkste R¥E wolxl v fHAcl 2 M
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Fig. 4. Percentage of Cd uptake in brown rice
per leaf and stem due to the different growing
stages
FIFE KB KEE AWBHANZ cadmium,

£ A8 BUkA A Zokrbg cadmium BE%E FHE

g ORR MR 10 Y Wkl hokE 23 HRHe-

A 20HH WcE WA 10N S L i) AvR

@i sty
S & RF IS Wk WA kBT
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ol ekzrol Wiz ASE Xk cadmium & Fo]
vn INEERESERNY B AL SRR
Bl e ARl 7] Wi XEe] == & u
B ks BAEE B wrl dEd Aoew AA4s
TH MR IR R FokAl e AL Tkl
B A=Y SEIRE Dk ﬁ‘%ﬁ WEAN A #IL3t
g7 @l i Aol = o] MABKE B
@ifio]l HHmoE Fstdly] HEd Aoz HEs
W ool (FEEE el BN~ AMIBH 7TE~8H 20
Dol ¥kz 21.8% BfFiddz 3t #EYS=E —H
s fEe) 3ot

AETIRFHRRI M HIDh cadmium FEs N
cadmium S E 39 Htre 29 59 o] WMz 2
T2 AHFEST 2 A2 el K cad
mium FHE FEffie] #ste ke cadmium 5
< B E Aol BEEE O weeA 22 g, A
MBS LIKE HROBEBE BIEste 30k
#7 cadmium G EE& 50~70% BEAATE #HEE B
oF ShMB el e cadmium FE-E HHr3ld X
ke cadmium HE-E BEEE Aol cadmium BIEL
W el A 24 FEMY Aoz 4AAcd.

kg e #F 184 cadmiumBEsr 2
BRES B LADYTS HpE XE 2 XXF
cadmium &0 Eol WRHEAH HEE £ Aoz
A 7 et

5. i Cadmium &R

s A4 AEM: cadmium FEE
zrol L:#f cadmium BEEEE) EETEF G0
filiiel g o= Cd(NOs)s, CASO,, CdCl, Z3} ol 741
7t =& {Lame 70~80% EfERIt @

1 SO0 L 2L

(LR

Pancie Grmntun
vOULORT 0 008K 1O 007X
Ko ugnee.

ppm

1 Beown rice

Maximom tillering
¥=0.17 0.057x +-0, 0662x*
R=0. 834*%)

Cadmium contents

Fig. 6. Relationships between Cd centent in
brown rice and leaf and stem at different
growing stages
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CdCOs = 44 1~2% % 50% Yl HlEA &
obw fEiple %I A kohe] cadmium HEE FHAE
st B (LAYL TS M D cadmium {Thol =
of WAl w1 & sy Fokvhz A Aslet.
Table 5. 0.1N HCl-extractable Cd content in soil
after harvesting at different Cd treatments

Unit : ppm
o - M‘Ed levels treated in soil
Compound
5 10 25 50
Cd(NOs), 2.60 7.40 21.84 36.08
Cdso, 4.70 6. 48 21. 60 41. 20
CdCl, 3.24 8. 00 19. 80 35. 68
CdCO, 2.32 5. 20 13. 60 29. 52
Cds 0.04 0.20 0. 48 0. 68
E B

AKFGel g cadmium {L{rfpe) Fhkel =& B
B 8 cadmium B E JE0IstS] Fiated CANOY).,
CdCl,, CdSO,, CACO; = CdS 459 {442 L8 Cd
24 0, 5, 10, 25, 50 ppm pEFste] AKAES e =
AE Esh KRR cadmiom &8¢ WHE o T
HiRE et 2

D) #h cadmium ERMIE EE5% MM K
o ke cadmium HEE fstg ot RS
& A BN gl

2) WERKE st ee L3 CdY gEEs Cd
(NOg); : 12.9 ppm, CdSOy : 21. 5 ppm, CdCl; : 25.8 pp
CdCO; : 33.2ppm, CdS:97.6 ppmeo]gic}.

3) ke cadmium G o] 1.0ppmel & + i
Cdel #EE cd(NOy), : 13.8 ppm, CdCl,: 14.4 ppm,
CdS0, : 16.9 ppm, CdCO; : 19. 2 ppm o] ¢ ©}.

9) cadmium sl FORUCR: /Mo ERRBCRILE i
SEENA 28%, SHEOZE 20%, WG 15%°] A+

5) #hRIME M MpEs Lkt cadmium && o 30k
o+ cadmium & 839 [ifRE Y=0.067—0.0028 x+
0.007 x*0 2 FHES HEM At

6) WiREE F & cadmium {b&4po] REEk i

W #itk cadmium F o] vkt

2% XK
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[.0. 0.3 F3wak H<&H Y, L8R
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