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Yield and Cadmium Accumulation of Rice Following Application of Phosphate Fertilizer Containing Cadmium

OU Hui-ping', ZHOU Liu-qiang', LIU Xi-hui?, HUANG Jin-sheng', ZENG Yan'!, HUANG Mei—fu', XIE Ru-lin', TAN Hong—wei®,

SU Xue—jun?

(1.Agricultural Resources and Environmental Research Institute, Guangxi Academy of Agricultural Sciences, Nanning 530007, China;

2.Sugarcane Research Institute, Guangxi Academy of Agricultural Sciences, Nanning 530007, China; 3.Rice Research Institute, Guangxi
Academy of Agricultural Sciences, Nanning 530007, China)

Abstract: Phosphate fertilizers are essential for agriculture production, but there is an increasing concern over the risk of cadmium (Cd)

contamination via fertilization. This study evaluated the yield and Cd accumulation of rice plant following different rates of phosphate fertiliz—
er in a two year field experiment. Rice yield was increased by applying phosphate fertilizer, but not by the application rates. However, Cd
concentrations in the grains increased firstly and then decreased with phosphate rates, but were still lower than the level of National Food
Health Standards. The concentrations and accumulation of Cd in the grains were highest at 63 kg P,0s-hm™ of phosphate application rate,
which was significantly higher than the control. At 252 kg-hm™ of phosphate fertilizer, however, Cd concentration in the grains was closed to
that of control, and Cd concentrations in the stems and leaves decreased significantly as well. Absorption of Cd in shoots declined with the
rates of phosphate fertilizer and the fertilizer rate at which Cd absorption in shoots was 100% was 116.6 kg+hm™ for early rice cultivar and
174.6 kg -hm™ for late rice cultivar. These results indicate that applying phosphate fertilizer at early rice:81 kg+hm™ and late rice:63 kg-

hm™ would not only maintain rice yield, but also make grain and soil ecological safety.

Keywords: phosphorus fertilizer; cadmium; accumulation; rice
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BCH)RE—FELELR , ERRRGEHITE
R S T BRI, RT3 Ao A R W T AN
TR AR, B AR IR X A St HL b )
FEABESEZ — KFERREEZEIREED,
FENATATE A28 R R E MR ok, A XAk
Cd it ARl H g5 R, EENIME &5
JETEM

KR Cd AFLETHED BB I TFR AR, i
FERELT S A IO S5 e A TH Y5 e 38 FR AT T, 78 A2
TG Bh%t L3 Cd Tk, BRIE 5 54%~58% , 25 <DL
K 7 39%~41% 1506 7 2%0~5%" . AT B AT it FH 1
DRV M R R Al A 2R 00, HOTRTE Cd PR ER
55 Y [ BT R AH R ) 2 4 55 N 2R A R i) R o 4%
ZRVE EAMIFFT R KA & Cd B B
B A HE Cd AR R A R R, W T
SO it FH = Cd B AR sl it 5 Cd B AR 34 AT fi
PEEY Cd BB NS, BERIRE AL H A Cd nT Xt 4
SEIREE DL K AT ) Cd 2477 A S 3 5

Wit 45 PRI 05 G ], T ] 3 % YA L
JEGE T 7K AE Cd SRFAG S R TF J 1 R R A 5 o,
A ZABEAE ) Cd XF /KRS Cd BBLRIR M . Xt
K5 Y ARG H K Cd AR TR it FH 1175 & i 7K e
Cd BRI DL HRAE o A S8R A AL, A5 A
Cd B AEAS [R) it FH T AR i 35025 R R 48 X6 1 1
Cd AW A3 A F B FUREAE , 43 Hr HE R LA
T LS 174 25 Bt P LA B AR AR A 7= v 4 ol R /D 7K g i
1358 Cd IR AR

I #RE5FE

11 A4
KR HIRES, T 2011—2012 4E76 ) ph kg B

HEHCAR R R T o AR AR SRR RS 2011 AR5y
AR 658 FIFEPIIL—5,2012 450 R 4L 339
MY WL 6 5. il b iUs B J KR L A
ML 32.2 g-kg™, pH(H,0)7.25, &% 1.55 g-kg™, 4
1.01 g-keg™, 8 4.14 g ke, DR A 128 mg kg™,
B 19.9 mg-ke™, AR 132 mg-kg™, 444 0.107
mg- ke, K BT ABEAL 2011 4F 5L R EEEEMEAL ,
i P05 &t 18%,Cd 1 0.065 mg-kg™, 2011 4EH
1 Je 2012 AR5 RIS R i R AT , O P05 it 14%,
Cd %74 0.083 mg kg,
1.2 i{5gigit

WA 5 LA P05 1, DAAR B > Bl N it P 12
S, R R A R 2 A R R
B 3 At P,Os K-, 3 P1.P2 I P3 67, Horp
P14 B Ay BR324 o R > 160 FH @l IE i, P2 0 P3
ALFAR R 1 AR 2 A Bt R i, DO IR IEAE R
XTRE(PO Ab3) o 20 W B IE EL A P it RO A Bl E
it HE AR ) Cd i W3 1, RRAabPE 3 RE K, bl
HLIXZHHES o /MK AT 19.52 m*(4 mx4.88 m) ,/NX Y
J I 33 em HYER SR RS, AR AR S HE AR
TR, LB /N DX R K BRI RS 3
28—4 J1 1 H#EFP,4 7 21 HBAR; BT 7 5—
12 H¥EMP,7 J1 30—8 J1 4 HBAR, % 33 98-
m”, FEIC2 W BEIEAE AR KA R T — it
A BNEFIERNE S350 PR RIS S , $5 HENE 4y BEAE:
FEAE L 3:3:4 F1 1:0:1 19 L Bt FH o K 2045 B 55 1
TR IR -5 R A5
1.3 BUER 53R

TERFSCEIRT, B/ XL 6 /(i b 3 17430, B
AR IEIFFA IR/ 3x2=6 50 F-HiS3 R
HB, A ZENE R ANERAL, e 22t 15 R 2~3 em

& 1 KRN P.Os KO iERERAHMBEERAENLEN ClSE

Table 1 Application rates of N, P,0s5, K0 for rice and cadmium inputs to soil via phosphate fertilizer

N b3 FLfE Early rice MiFF Late rice
Year Treatments  p,0g/kg-hm®  Cd/kg+hm™ N/kg-hm?  K)O/kg-hm? P,O¢kg-hm? Cd/mg-hm?  N/kg-hm?  K,O/kg-hm?
2011 PO 0 0 172.5 121.5 0 0 172.5 108
P1 81 29.30 63 37.22
P2 162 58.59 126 74.43
P3 324 117.18 252 148.86
2012 PO 0 0 169.1 121.5 0 0 172.5 108
P1 75.6 44.66 63 37.22
P2 151.2 89.32 126 74.43
P3 302.4 178.63 252 148.86
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JEIRAA],F 105 CARF 30 min, 60 CHET-H3% , o
60 Hifigs H, Fa il A 5e , #ii% . FHHNO,-HCIO,
(2:1, VIV )RR AR A 35 J 7 I i P 22 Cd
it Hb EERATEENE Y Cd AR ICR (% ) =i i X Al
PRith 3 Cd RBR X R XA AR 36 Cd BB )/
Bl A it 3 A 809 Cd B L ZEKRZISEREST , 4278
XA AEFT B AE A =
1.4 EiELE

BRI AR T 2250 B 5 R Excel 2007 Al
DPS 7.05 S8 858 i, R H LSD #hilf T Z & kA

2 HRESHN
2.1 rEBEEN KRB
H13% 2 AT LUE Y Wi S 2 K R s 45 FIARE AT

FriE . X REAR H, R P AL BEAE 2011 AR
Mo 4 B S 10.7%~15.1%F1 9.2%~10.7% ,2012 4F
P 12.1%~18.8%F1 11.3%~22.8% , 2% 523565 i 2K
- (P<0.05); FEFF P i DL P3 Ab IR 5, 5L L e A 40 )
i PO Ab ¥R E R 13.0%F1 6.9% (2011 4F) DL K

5 P2 fh P22 HOR B 2 (P>0.05); B& T 2011 4 A
A B R Cd 5 i PO AbFRI S P3 Ab P25 R i
F(P>0.05) . UiRH P1 Ab PR 2512 SRR ARG 28 X Cd Y
Wi, YRR RGN E P3 AL, AR Cd A i
= N RN REIKE

H 2% 3 AT i il XK R 2R TR g Cd
A W, 78 P1 AR ZEM i Cd i
xR 22 AR B (P>0.05) . SR, 24 i HE bt FH 184
2 P3 AbFREE BT 2011 AERERE AL, 28R Cd
1w P3 b BT PO A P1 ZbFE(P<0.05) . 1EEH
P3 AbHEA FEAKREZE X Cd W
23 MEHEXATRE Cd RMERBEG Cd RKRE
=AU

3% 4 ATLUE RS Cd S PLFI P2 b7
T 5 TR RE (P<0.05) , P3 b FAH Y B85 50 2 i %
M, 2Bt Cd BRELTE 2012 4R R I P1 AN P2 &b

&3 MEBEEXIKTE Cd S ERIRMM(mg-ke™)

Table 3 Effects of phosphate fertilizer on Cd contents in rice

18.8% %M 23.0%(2012 45'5 )o %HE}?@FHT , TR ARG T P e Fi4% Grains ZXIH Stems and leaves
FEE P1 5 P2 ﬁ}i I‘Eﬂ i’}]ﬂﬁﬁ%%ﬁ(BOOS ) s *H ]‘EEZ Year Treatme:nts R Wi R Wi
e Early rice  Late rice  Early rice  Late rice
E‘%{E‘E:‘F P3 &i\ﬁﬁo 2011 PO 0.021a 0.056hc 0.050a 0.065b
2.2 MEREXKRENMES Cd SRR Pl 00232 0063a  005la  0.066ab
H 3 Al A, ZEMFIAT A Cd & IR T RAK P2 0023a  0060ab  0.043b  0.069
WA DA HIARE 0.2 mg kg™ AYHLE (GB 2762— P3 0.018b 0.054c 0.045b  0.068ab
2005 ) . fjﬁ@iﬁ%?ﬁ uﬁ7j(jﬁ§'xd- Cd E/‘J [&q& , Eﬁ@ﬁﬁ% 2012 PO 0.021b 0.051¢ 0.031a 0.054a
W RIRITI AT T 52 PL ARSI TR Cd 4 L85 16 P
_ . e e .022b .055ab .032a .059a
2011 ﬁz iﬂ] 2012 i‘z Hﬁ ;ﬁ:ﬁ ﬁj\ jn]lJ & PO ALI\ L &l EI:XEE =) P3 0.021b 0.053be 0.026h 0.042h
12.1%H1 10.5% , %5 P3 QPR 4255 17.1%H1 7.2%,
R 2 HEHEIKBEEENEN
Table 2 Effect of phosphate fertilizer on rice yield
2011 2012
o o Qb3 - - - -
F#iZ% Rice season Treatments T FE & Grain yield/ FEFF 74 Straw biomass/ A FE i Grain yield/ FEFFr~ i Straw biomass/
kg+hm™ kg+hm™ kg+hm™ kg+hm™
T Early rice PO 7270b 7370¢ 5752b T477b
P1 8048a 7750b 6451a 8277a
P2 8272a 7948b 6539a 8472a
P3 8371a 8326a 6831a 8885a
e g Late rice PO 5047b 5769b 6270¢ 8765¢
P1 5510a 6070ab 6976h 9605h
P2 5552a 6145abh 7292ab 10051hb
P3 5588a 6169a 7698a 10784a

TE AR N RS S AR A B ) 25 S8 B /K- (P<0.05) . T I

Note: Different small letters meant significant difference among treatments at 0.05 level. The same as follow.
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PR 2 T4 IR (P<0.05) 5 B T 2011 4E 45 PO 5
P2 I P3 AbFRAH S Ab, i34 0 25 4 v K R .
Cd iy 28, aJ W, 76 P1~P2 BTE FEIN , i 14 m
IKFEZEM A S F3R Cd B A 3

% I S VN ) R0 OB 1| W 25 W s 90
BEAEH Cd W CR R T RS 76 P1ARRET, it
S RIS SE MRS KR B BRI R Cd AR
e, 195.4%~386.8% ; 78 P2 AbFRT |, LS F1 e
My B @ IE e Cd Y W 0 T 34 Oy 48.8% Al
198.1%; P3 AbFH R34 11.3% 0 42.3% ., Vi BEIE
it FH 2t 7 A K R b B 3R BEAE R Cd ry Wz i A
SR, [T s 3R IE o Cd WIS 8 R/
AIRERZIBEIE Y Cd 7E I A ER R .

H T HE— T KR EER Cd BEUE S
NEFEA - HERY Cd SR AR 5 W 3 AH A B ) i gl 1, A
SO it A 5 b BRI b Cd R I R AT T
BIE I RRA (R 5). S5 RM, Wi3 [a] ¢ & v] A4

BOTREHATHIA IR BTN BIN B E /K- it
Jr AR, REBEIE UE A 15811 Cd JEARD KRG I
58 4 W AT ) A0 IS s P £ L MR 0 )y 116.6
174.6 kg-hm™,

3 itig

5 dE , Cd 2 YT B ER R i )8 e )
A I HAKFFROTFTEIR N R | ) — o PR AT
fesy ) R R F M AR H 7 |, A gD it
EH AR FREAT . LIRS T AR B — i
(1) Cd , AEXF 7K R - ICu ™V, 16 7 H (R8¢
FEBAT RIKAE Cd #55 BRIk . 3 AT e PR
ATIER) Cd FRBINAE K. KRB RV IRk
Cd XA AR AT R IR R i i) Cd &
AR EY A B FAE T, Y S AR R
W1, KFE+ Cd “ZamFHE R 0.74 mg-kg™, Aikgnrh
T FH 445 Cd &8 0.107 mg-kg™', PEBaRE A T 3E

R4 HEBEEXIKE Cd ERSFRKE LI

Table 4 Accumulation and absorption of Cd in rice as influenced by phosphate rates

Cd 28 Cd accumulation/mg - hm™

i FEXHREAL A Cd IR

it Yoar A2 Rice season AEH Treatments 4 Grains 251 Stems and leaves 411 Total Cd absorption in shoots/%
2011 HL7F Early rice PO 153.2b 367.8bc 521.0b
P1 188.8a 396.4a 585.2a 219.2a
P2 187.9a 344.9¢ 532.8b 20.2b
P3 153.3b 374.8ab 528.1b 6.1b
e Fg Late rice PO 283.2¢ 372.84b 656.1¢
P1 346.6a 400.2ab 746.8a 243.9a
P2 333.2ab 424.6a 757.9a 136.8b
P3 299.9be 416.9a 716.8b 40.8¢
2012 FLFE Early rice PO 118.9¢ 229.4b 348.3d
P1 166.1a 269.5a 435.6a 195.4a
P2 144.3b 273.1a 417.4b 77.4h
P3 147.7h 230.0b 377.6¢ 16.4¢
77 Late rice PO 321.8b 478.5¢ 800.3d
P1 394.8a 549.5b 944.3b 386.8a
P2 400.4a 592.9a 993.3a 259.3b
P3 407.0a 458.7¢ 865.7¢ 43.9¢

=5 EHESH EAXEET Cd MR RX R EBIEHE Cd BEAREKFEM EAR5E £ WU HREIEE A £

Table 5 Relationship between phosphate rates and Cd absorption in shoot and P application rates at 100% Cd absorbed in shoot

WAL Y Cd FEAPICRE 5E AW S B BAL I T kg - hm™

Phosphate application rate at 100% Cd absorbed in shoots

2= Rice season  [A]J ) #¢ Regression equation r
FLFE Early rice y=429.551 4e002% 0.924 2%
WifE Late rice ¥=647.682 3¢ 000™ 0.960 8**

116.6
174.6

1 :n=6,705=0.811 40,700,=0.917 2.,
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A TR Cd F i &S fCh 178 mg-hm>(3 1), #H
BT 7.9x10° mg-kg™ £, I T Cd )% 4 Im A
i, MOKFEZBEIE R Cd & &2 B2 S , i 32 Bk 1Y
SEMA ALK o 3% 55 M Hi A P i i AR R K e i Y
5SS, AR P R AR AN (Rt e A P ]
255 AN B EHEWT , P K- (RS 81 kg-hm™ B A 63
kg hm™ )& /K FFiE B At i .

KAEH RO S  Cd SR D EE R
RANKMERE . HETH B, KA FE8xT Cd 1y
Wi BRI R ZESHSTHARPL, X 5 ARG 145
FHA—F, FAN AR RS Cd &R KT
FIE DAREHIRRE, BLBREAL Cd BEAE AN 25 18 A
4 Cd #hr,
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P Cd BB ; YR A = 2 252 kg-hm™? D) &
I, R4 Cd S A ) B i Zs it Cd & %
X RE . UEBABENE XS A4 Cd &% £ 52 e R BE
MRAEE IS, 5 Chen SFPHRE AIBEALXT/NE Cd
WS B I = A2 7 AN TA) o 3R] BB -5 it FH () A
ANAA K, Chen 85 BT FH A2 e — 2045 , A0 FH Y
AL A RS . MRk R R 0.2 g POs kg™
3, BREEER SV X KRS Cd W B 2 2R
AbEEERRAL G WEIR Y WRIR — Bk BETR AR
I AP

TR ATt FH XA Cd W B IR " 1)
SRR, — 5 EIE T A R Cd & R A T AR
HE R AR, 55—y T ARBEAT b R 7K
FRARMAT, MR S5ERN A K,
MM 22 1 MR R WA Cd ALK, AR S, 2ok it
JE AT 755 -39 pH (BN 18 FEL £y 7 £ 5 DA AT AIE 4F 1
1 Cd [P, HA B i . Cd JLyE e nl R#AIK Cd 1R
YA SR, BEAE A SRR IE A BERR ES 55 & Ca B
JE AT $ 5 - sg et Ca i, 51 R AEY Ca Cd W
s N REARAEY) Cd Wi

TRFERTBEAL o Cd ) W 5038 B4 06 &R B
Cd 7E -3 aR L o AHFTT 4 L3R B, B I it FH =
RGN, KRS L R BE AR H Cd AW R 5 T R
B fEPLANEER  F A RS BEIE R Cd ik
R 100% ., BEIZERE R T, BR T I8 TR
S RSO B 7 NI 1 ) 20 L K i S A= O a3

A Cd 5RE AN, S e K ARE XTI F 38 Cd i
W SRR SR, M BEAL G & R 126 kg-hm™ 35 % 252
kg-hm™ i ,2011 1 2012 4FRGAE H FEEXTEEIE - Cd
FW SRS 136.8%F11 259.3% i 2 T R 40.8%
F143.9% 15 BH 8 it FH 2t 8 D45 7R b 3 Xl I
HCd MRS F AR A, [RIET R Cd 7E 115
FH 5% BA AT REBE R Lt FH 2 i3 i B4 . 15 20m A
Ty AR R WA P A -3 Cd B R A KR
i b S8 4 W AL B A B S it R R L MR o il o
116.6,174.6 kg +hm™, 2475 T 7K e (14 35 ‘it Al o ( P
81 kg-hm? BEAT 63 kg-hm™) ., Hy G HERT, #2004 38 B
Jtawh st 1], REREFRIUK R 5t REOR PR 4 L 4%
6 SRS o ol

4 g

it AR Cd WA NE S 35 1 oK R ARG 45 FRS AT ) 4
(EA G R A A A" R 22 A 2, HA AL B
A ZEM Cd i 7 [ SO T A4 i s L E
P 3 i e f 5 R R R A 2RI 4 Cd RS R,
P1 Ab PR 4R S MR AR AT Cd & f R 2R R4S Mot
AR Cd RBEE, T P3 Ab R FRARZEM Cd 5
AR RARAE - Cd f18 5 A =3 et o 1949 98 D0 v T e 5
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