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Effect of calcium-magnesia phosphate fertilizer on maize yield and its cadmium

accumulation in upland red soil in Guangxi
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Abstract: A filed experiment was carried out to evaluate effects of calcium-magnesia phosphate fertilizer application rate on
maize yield and its cadmium accumulationin in representative red soil of Guangxi province. Phosphate fertilizer with 0.0651
mg Cd/kg was applied at five rates (0, 75, 150, 300 and 600 kg P,0./hm’). In comparison with CK, phosphate fertilizer
significantly increased the grain yield by 8.2%—13.1% for spring maize and 13.7%—20.0% for autumn maize, and the
straw biomass of spring maize increased by 11.4% under high phosphate treatment ( 600 kg P, O,/hm”). Phosphate
fertilization decreased Cd contents in straw by 2.7%—45.8%and 11.0%—43.6% , while decreased Cd contents in grain by
13.0%—40.6% and 9.9%—31.5% for spring and autumn maize, respectively. Moreover, the Cd concentration and
accumulationin in straw and grain decreased with the increasing phosphate fertilizer. Compared with low phosphate

treatments (75—300 kg P,0./hm’) , the Cd accumulation in straw and grain under high phosphate treatment (600 kg
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P,0,/hm*) reduced by 13.6%—41.5% and 8.8%—29.3%, respectively. Correlation analysis showed that there was a

negative linear relationship between Cd concentration in maize and soil pH, but positive linear relationship between Cd

concentration and soil available Cd. High phosphate fertilizer could reduce the Cd phytoavailability, thus attributed to the

lower Cd accumulation in maize.

Key Words: phosphate fertilizer rate; cadmium; accumulation; mazie; red soil
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FRCT Cd 75 -3 BRI 2R, (5 28306 Xt
+3458 Cd S TTBR Y 54%—58% "2 . AT B HE e
() G L SRR B Al R 24 300, HOHE 7 Cd 138
B KBS B £ 32 50 v . I AMIFIY R B, K it &
Cd WA S hn 3 cd 8 RaEM S ED W
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FXHEY cd BRGS0 3 200 & T AR AY
AN i Z A IE Y Cd XHEY) Cd B
RIsZNA , EEXTIRLLEE i TR Cd B AR [ i FH
PRI ER Cd BRI A YA R 5ok DL
ARSI SR FH H AL BFFEAR Cd £ AL AN [R] it FH
B 5 Cd AR M K B K M B SRS AT AR X

*1

3 Cd Ml BAURRAE , LA SR i E 19 2t ]
DAL T A A 7 v ) Rl 2 T KRR 3 Cd iy i
FEAEIISARYE

1 #MREFZE

PR AL
KR RS, T 2011 4EAE] P B g g
FEHEAT . %X 8 R BT TR I 2 KU X AR 3
SR 21.7°C AR OK R 1300 mm, HHRE FAEK
(Zea mays) @i AP ¥ R iR 008, ki 4- 1 K b o1
S R TR AR £, A LT 27.8 g/kg, 2
1. 10g/kg,ﬁ}ﬁi]ﬁ¥?§ 134 mg/kg,i%%l@? 14 mg/kg,ﬁ@'(
B 112 mg/kg, 4> Cd 0.1504 mg/kg, pH(H,0)5.40,
BT S B, P, 0, % 2 180 g/kg, Cd
BN 0.0651 mg/kg.,
1.2 RKETt
WAERE G P AP, O, 3, BLAR R 5 15 i A it ]

Sy BER R BT R 22 A 2 BB i,
P 4 DMt P, 0K, 20 AT P1, P2 P3 il P4 3k
R, P ARER Ry B 2 b A B ) 15 A o
P2 .P3 Fll P4 Ab#35)R 1a . 2a Al 4a 21t H &2,
DIASHEREACAE Sy % B (CK A3 . & B D Bk
Jit P e R B A6 46 Al S it FH AR LY Cd 5 2 DL
1, WA 3 REE  FEVLX A, NX T

11

FE* N.P,0,.K,0 iE AERHHBERARNLTEN CdSE

Table 1 Application rate of N, P,0;, K, O for maize and cadmium input with phosphate application

# K Spring corn

FkEXK Autumn corn

RbFR (B K )
Treatments P,0s/ Cd/ N/ K,0/ P,05/ Cd/ N/ K,0/
( kg/hm2 ) ( mg/hm2 ) ( kg/hlrn2 ) ( kg/hmz ) ( kg/hm2 ) ( mg/hm2 ) ( kg/hlrn2 ) ( kg/hmz )
CK 0 0 240 225 0 0 240 225
P1 75 27.13 75 27.13
P2 150 54.25 150 54.25
P3 300 108.50 300 108.50
P4 600 217.00 600 217.00
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25.2 m* /N A L H A /NI BRI . B AR 40 1)
FEBEAR GEAE N 1:1 1:0 1:1 A EL G . AR R
VT 7 L 5 1 38 B SR FH i %) 5 ¥ it
FPIRE TR Z 0], MR 5 55 . FEAE AR LA/ £ oK
T2 H 28 HA6 H 21 HiEA, BkEXT 7 H
30 HFI 9 H 14 Hii . & BKEKD 5T 2 H 23
HF 7 H 30 HEERD, RAHBATAAE, 7THEH 60 cm,
FRIEE N 30 em, FPAE % 55545 #k/hm®, T 7 A 20 H
11 A 25 Hiksk,
1.3 HURE Kb

FORWRET , 2/ NX A5 FF BAFRLIN ™= [RIE
B /NK BRI 6 S0 i3k b5 AR 28
JZ ARG b bR AR R FURERL P AN A,
FEFFYIE N 2—3 em RG], T 105C R # 30
min, 60°C HETH 8% , 1 60 H 7 45, ¥k 60°C 4t T
Wi, 1 60 H i, F HNO,-HCIO, (2: 1) {3 1
B A SR Ik Y e Cod S, RHEA
SRIT e, 1t 18 H, R NH, OAc $2H Y 4 &
PRI e R A R ed i, 12,5 L
KRR AL 2 3 pH,
1.4 HdEab

BAEAbE VER 7 22 53 A 5 R FH Excel 2007 F
DPS 7.05 2458 1, R 1SD kit T 2 H A,

2 HREHS

2.1 it K R AR

A 2 AT LU s 3 B B OR AR
5 CK ML, F kR KRR ™ 2t it Ak 2 53 3] 12 75
8.2%—13.1%H1 13.6%—20.0% , 7= 53k 5] i & /K
(P<0.05) ; BR1M , AS [F] it £ (0] FORFFARL ™ 1 22 F AN
B3 BEXFEED P4 PR, B35 TX
M 11.4%, F FKERFEF 75 P1—P3 2B 5%
HEAHY
2.2 it EORFEFFFFERL Cd 5 A5

MK 3 A, ZEr AR Cd SRR T E K
R T A Hl AR 0.2 mg/kg' Y ML E ( GB2762—
2005) , iR AR KA AT FUFF R Cd AWz, H
FARAEFFFUFFRL Cd 75 il it A% St 199 34 1 i 9 2>
14 75—600 kg P,0,/hm”, F Bk EKFEFF Cd & &
FECIR 23 ) 3K 2.7%—45.8% F11 11.0%—43.6% , ¥F-Ki
Cd & B FEIEIL 13.0%—40.6% 1 9.9%—31.5%, H:

th,P3 Al P4 Kb FE I AT AR AT P AR,

F2 AEEBENEREYENFM
Table 2 Effect of different phosphate fertilization rate on maize

biomass
| RR e
Treatment Grain ylezld/ Blomassz/
(kg/hm?) (kg/hm?)
HEK CK 4449.6+£139.4 b 6262.5+278.0 b
Spring corn Pl 4813.6£201.0 a  6640.7+83.8 ab
P2 4985.1£138.6 a  6794.8+206.1 ab
P3 5033.5+145.4 a  6814.9+£175.0 ab
P4 4951.5£219.9 a  6975.6+66.6 a
ER S CK 3013.5+64.4 b 4953.1x45.6 a
Autumn corn P1 3425.0+44.1 a 5237.3+200.7 a
P2 3555.5+30.8 a 5269.1+116.7 a
P3 3617.6+97.9 a 5349.6+94.9 a
P4 3502.7+66.8 a 5306.1+92.8 a

AR ING TR BRI AL B 22 573K B 2. 25 K (P<0.05)

£3 TEEBEN EXFEFFH Cd 2SN

Table 3 Effect of phosphate fertilization rate on Cd concentrations

in maize straw and grain

FEFF Cd Fr it

KR Cd B

ps:l Cd concentration ~ Cd concentration

Treatment in straw/ in grain/

(mg/kg) (mg/kg)
FEK CK 0.084+0.001 a 0.014+0.001 a
Spring corn P1 0.082+0.000a 0.013+0.000 ab
P2 0.075+0.001b 0.011+0.000 be
P3 0.071+0.000 ¢ 0.009+0.001 cd
P4 0.045+0.001 d 0.009+0.001 d
BEXK CK 0.100+0.002 a 0.052+0.001 a
Autumn corn P1 0.089+0.002 b 0.047+0.002 ab
P2 0.074+0.002 ¢ 0.045+0.002 ab
P3 0.065£0.007 cd ~ 0.043+0.003 be
P4 0.057+0.002 d 0.036+0.003 ¢

2.3 iR K Cd BEURAY IR

24 v LA, SXTRAR i A 75 kg PO/
hm XF TR FEFF BOFFRE Cd R T0 1 52 0 5 24t
BT 300 kg P,Os/hm® I, T KA FFHUEFAL Cd
SRR E TR, BERE R A H N, T ORFSFF SR
B Cd BFE B FRE, UL P4 A B AR, 2 BIE T
P1.P2 1 P3 Ab3H 13.6%—41.5% 1 8.8%—29.3% .,
2.4 A[FEIfE R ARG Cd RS

MK 1AL, 5 CK 2 FRAH e, B e F A~
[vi) AL E Ml BTG A 5 Cd &, Horp B ok P,
P, P b 3R AL Cd & i 4 BIREAR 4.6% .7.1%
1 7.3% ; FKE KT HIREAR 2.7% \5.6%F1 12.8% .,
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Table 4 Effect of phosphate fertilization rate on Cd accumulation in maize straw and grain
it Cd 2 Cd accumulation amount/ ( mg/hm? )
Treatment FEREL Grain FEFF Residue AT Total
HEK CK 65.4+£9.8 a 526.5+41.8 a 591.9+50.9 a
Spring corn P1 61.4+4.4 a 543.4+10.7 a 604.7+£6.5 a
P2 57.5£5.2 ab 508.5+21.1 ab 566.0+19.5 ab
P3 47.6+5.9 be 484.6+£15.6 b 532.2+20.7 b
P4 43.4£10.1 ¢ 318.0£12.4 ¢ 361.4+£22.5 ¢
BREK CK 157.844.2 a 497.1£25.3 a 654.9£29.1 a
Autumn corn P1 161.6+£10.6 a 466.9+15.7 a 628.5+11.4 a
P2 161.1+15.7 a 387.5+4.5 b 548.6+13.9 b
P3 153.8+11.9 a 347.5+60.9 be 501.4+72.6 b
P4 125.3+154 b 300.3+24.9 ¢ 425.6+£39.8 ¢
o A i 1 ‘ = A EE=SU
e Col (4T SCHE BRI 1) 2 0 7 ] 2 A 20 T,
Iﬂ*ﬁ%gﬁg%ﬁo ﬁ@ﬁﬁ% 75_600 kg ons/hmzﬁi@ - 60} a a b b ab b ab b ab b
A, B MG O I, M Cd A R R, 2 = o
FARAMHEFAT, P1AREL A S Cd & BELL P2, Z 30l
P3 P4 fbFE 4 B4R 5 5.7% .8.7% F1 8.8% , % 5 i B}
- N . L s L 1.0 b
{0 P2 P3 P4 ARBR[ 2% 5 AN 2 s BhCROR AR oL
W AR Cd rRIE T P15 P4 AbBLEIE 5 B K rm PP P4
N - AbBE Treat t
S, HLfibb I 2 5 5 o
0.08 - N E 2 mlﬁﬁ%ﬂﬂﬁﬁﬂiﬁ'ltii% pH E"]'x-m'f't
B : fkii Fig. 2 Changes of soil pH under different phosphate
o ED 0.06 + : a ab ab fertilization rate
%g 2 : be c c b X
T2 004t KNI (R 5) KB, FRFEF FFkL Cd S5+
£
ik BAR Cd R RFIEMK, 5 pH (H 5 B K,
< 0.02 ¢ S = o R [=} S N
E AL B 5 AR Cd S i R R A, S
LMW 8 88 pH {158 53 TE ARG, RUIBEALIERLAERS £ pH A

Kb P Treatment

B1 AREESHEAETLEAER ClSETN
Fig.1 Changes of soil available Cd content under different

phosphate fertilization rate

CK,P,—P, M iEKF-

2.5 N[EtE T 3 pH A5
L2 W] LLFE Y it FH 5 IE 2 & oK M+ 4
pH, HL -3 pH B it 8 2t (9 38 i i T v, 22t ol
k1 600kg/hm*ff , F £ K + 4 pH 43l [k CK P, P,
1P A 513 55 0.31.,0.24 ,0.22 F1 0.05 4> pH 24
A, Bk E K4 B4 5 0.55.,0.51.,0.45 F10.45 4~ pH #.
B, H) 25 5 0 3
26 FKCEESEHEAR G STEHAXR
BBk Cd 5 3 pH i3k Cd & e /EAH

FEAR 3 A 2 Cd & B2 oKX Cd Bl B2,
3 itig

FEAR N, Cd 2B YT R PR o ) 4 s, i
DAY FEAR N AR B 8 i — o PR B AT fig 2
FEA R E MR L 7 = ARG iR
B E AR R =, WIS BAR SR —ER
Cd Fr i (HBO0 BRI Tomo™ VE g 7E ]
FE I A R E K Cd FEMER, XAfEs
BERENEHEA IR Cd HEBIRNAE K, REZRER
APV BE Cd X A0 A AT FEUR 1) < SR ™ T
B Cd & A SXHE A T EEAT ) H
T RAFARL F A AN [ 7 it 38 Ak L ) 2 O b ) 9
Wr P1 K3 (75 kg P,0Oy/hm?) J& FKIE B A i &
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Table 5 Correlation coefficients (r) between Cd content in corn and soil available Cd content

I H Ttem

+ 3 pH Soil pH F A Cd Soil available Cd

% K Spring corn F&#F Cd # & Cd content in straw
FFHi Cd # 5 Cd content in grains
WALt FH & Phosphate application rate
F5FF Cd %4k Cd content in straw
FHi Cd # 5 Cd content in grains

Tl HEJiti FfI & Phosphate application rate

FkEK Autumn corn

-0.8757"" 0.7744*

-0.9745"" 0.9148*
0.9464 " -0.8302"
-0.7768 " 0.8832""
-0.9008 ** 0.9644 "
0.9469 ** -0.9972*"

# Fll % % SRR P<0.05 Fl P<0.01(n=5, ryes=0.751, ryq =0.874)

FORFPRL Cd i i 270 B R N {dRE
ARG T A AL EOKFFARL Cd % B K T [ 500
B EAEERIARE , BTN Cd 558 B IE it AN 2 1
WEXK Cd bR, HH, 5 CK A7, 39t 75—600 kg
P,0s/hm*, KX Cd 1AW 52 FH B il 19 185
AR, Hod #5FF P Cd & R IR % 2.7—45.8%
(FEK) I 11.0—43.6% (FKEK) ;¥R Cd % i f
&35 13.0—40.4% (4 £ oK) il 9.9—31.5% (Fk £
K)o VA2 B il F w0 BE BB 1R S e i
MAREREARIEY Cd 155, X —45 35 = WAMFZ0F
FELEW AL, Dheri 251 5 24056 v, B AR
A4t AN A A Ao S 1 A P i 4 i 349% (B )
N 45% (V0 +) i Bl T3 T Cd & i, 7
50 mg P,0,/kg - RYBEAE T = T, B A in/N2z +
YR, R ZEEY Cd . Pb FEN Wang 0]
B BRI i A R Il R S A4 Tl e
e /N SRG Cd Tl BB R, B EE
BTt FH AT A Sy — AN 205 A R BEARVE Y Cd Wi
I it .

WL, pH X Cd 12E WA 3R 2L,
—J5 1, pH {2 MR+ HEXF Cd AW B 25 4, pH (L 1E
4.0—7.7 Z A% T 1A pH (AL, + ST Cd 1)
W S B M 3 A, RKRFEAR Cd ) 48 9 1Y 3 7% g
FP H—Jr i, FERR T SR, &4 Cdeo,
Cd(OH),ityE ., BEALE S 48 pH RN 1A H o A9 42
T AT 8 48 Cd R R s R B AR AR B 5 Cd
TE R Cd UUTE A3 85 Wi A0 it FH 5 1A A A 4 85 5
Cd 1 5 4 W Wi A v] B IR 12 38 Cd 9 A= 0 A &L
PP ARRIE T, 5 CK A EE, B ARG S 3 pH
B BT AR Cd S TR 118 2)  FKRFEFT b
B Cd FESAM Cd HFRBEEMX, 5 pH EE
EHAH (R 5) . Ul PIBEIC AR E R MY B Cd

SEd L pH (B B, AR Cd & =0 N RESE Il
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