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Effects of different iron fertilizers and application times on cadmium absorption in rice

SHANGGUAN Yu—xian"?, CHEN Kun'?, YU Hua'?, QIN Yu-sheng"*", ZENG Xiang-zhong'?, ZHOU Zi-jun'?, GUO Song'?, ZHANG Lan’
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Soil and Fertilizer Testing Center, Sichuan Provincial Department of Agricultural and Rural Affairs, Chengdu 610041, China)

Abstract: In researching Cd pollution control in rice fields of Sichuan Province, we used Fe fertilizers during the rice growing period. The
results showed that the yields of four rice varieties were increased by ferrous sulfate and ethylenediamine—N,N ' —bis (2—hydroxy—phenyl )
acetic acid—Fe (EDDHA-Fe) application. Application of Fe fertilizer increased rice yield by 6.67% in Y Liangyou (P<0.05), while ED-
DHA-Fe increased rice yield by 13.33%~14.32% in Dejing 1(P<0.05). Among the different Fe fertilizer applications, foliar EDDHA-Fe
application showed the most significant Cd reduction. The application of Fe fertilizer had significant influence on rice Cd content. EDDHA-
Fe spraying treatment significantly reduced Cd content, with the average rice Cd content decreasing by 20.87% (P>0.05). Tron content was

negatively correlated with Cd content in the four rice varieties tested. The Fe content increased most in the flowering stage, and the ratio of
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rice/straw Fe content was far higher than the ratio of rice/straw Cd content, which showed that the Fe transfer rate from plant to rice was

much higher than that of Cd. The Fe and Cd rice content showed a quadratic function relationship (P<0.05). At lower concentration levels,

the content of Cd in rice grains increased with the Fe content, and then decreased as the increased Fe content reached a certain level. In

summary, it has been found that the Cd level in rice grains was affected by the amount of shoot Cd, and by the method and type of Fe fertil -

izer application, and that, in soil that was slightly Cd polluted, the Cd content of rice could be reduced by controlled use of Fe fertilizer.

Keywords: foliar spraying; iron fertilizer; rice cadmium; competition; control
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Table 1 Effects of different iron fertilizer types and application methods on rice yield
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Note: Different letters in the same column indicate significant difference at P<0.05. The same below.
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Figure 1 Cd content in rice and straw under different Fe fertilizer types and application methods
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Figure 2 The ratio between Cd content in rice and Cd content in
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straw under different Fe fertilizer types and application methods
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Figure 3 Fe content in rice and straw under different Fe fertilizer types and application methods
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Cd & . A it 4 I A0 3 A A5 FF Cd & &K
B K A PRAT — 5 R EE RGN, DA% 46 S e R NIE Ak
FRAYFEFF Cd & i f i, OO A2 B8 0] 4 A6 A S
912 M 1 AL 3 T R R A it 4k JE Ak R B RS AT Cd
S iAo T Wit Ak A Ak B 1) R OK /RS B Cd 5
FEHRA BN B, LA AR A A R 4 46 100 R 3 )
3 A3 43 S Wi 1 VK 7 ALk R A RS R /ARS AT Cd B EE
e/, 33k 2 BH KR I it K I R A1 T RS A Cd 1) K
HEER A T REK R Cd 1 R AR Ry R OK
Cd & iy —Fh s H =

MK FEFEFF R Fe 5 8RR (£ 4) , BEHER
NEJ5 REOKFNAEFE b 1 Fe it 43 0 3G i 12.1~18.9 mg-
kg™ Fl1 13.9~40.7 mg-kg ™o FFK 3G 085 22 1) b P

R2 A [E B HAE HE SR AR X 7K S 7 2 B0 2 T

Table 2 Effects of Fe fertilizer application on rice yield at different stages

Kb FH Treatments 7= Yield/kg - hm™

P Yield increment/kg+hm™ 377 # Yield increment rate/%

9 387.2+743.5a
9989.9+515.3a
9617.3£76.5a
9900.5+190.8a
9638.1+313.8a

IS it 35 7K
ZH A EDDHA-Fe(0.2% )
YA EDDHA-Fe(0.2% )
HES I EDDHA-Fe(0.2%)
ZAREIY) A BRI 045 A 1 ¢

602.7 6.42
230.1 2.45
513.3 5.47
250.9 2.67

&3 AN[E) T HA M A Sk A X 7k FE A5 AT ANAFHL Cd & BRI IT

Table 3 Effects of Fe fertilizer application on cadmium content in rice straw and grain at different stages

i Fek Cd 5t A Cd fr it R EFEFF Cd fr Ll
AbFE Treatments . o . o . .
Cd content in rice/mg-kg Cd content in straw/mg-kg Ratio between the Cd in rice and straw

I it 775 7K 0.349+0.013a 1.770+0.080a 0.197
ZH R EDDHA-Fe (0.2%) 0.336+0.039a 1.939+0.359a 0.173
WAL WIEit EDDHA-Fe(0.2%) 0.328+0.018a 2.324+0.600a 0.141
HEAZ et EDDHA-Fe(0.2%) 0.323+0.005a 1.801+0.210a 0.180
ZEFEI 47 A6 I A5 8 1 Uk 0.318+0.013a 2.195+0.555a 0.145

R4 6 HAME HE Sk AR X3 7K FE & AT ANAFHL Fe & EHISZIT

Table 4 Effects of Fe fertilizer application on Fe content in rice straw and grain at different stages

K Fe £ i AT Fe St FEK SFEFF Fe S e
AbF Treatments . o . o . -
Fe content in rice/mg-kg Fe content in straw/mg-kg Ratio between Fe in rice and straw

W it ¥ 7K 137.5+21.8a 245.4+6.7b 0.560

ZE RS EDDHA-Fe(0.2% ) 149.6+17.5a 286.1+2.3a 0.523
WAE M EDDHA-Fe(0.2%) 156.4+11.6a 264.7+18.2ab 0.591
I EDDHA-Fe(0.2%) 156.0+14.8a 259.3+19.0b 0.601
ZHREIN] A7 A 301 R i 20 45 it 1 vk 152.5+10.3a 280.1+7.8ab 0.544
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WAL , 5 /R 156.4+11.6 mg-kg s FFFHP & &
e e P Kb P 2 R AT S it DA VRS i B R T
Fe B 5] 78 5 3 FE AT U, JEAE K b Fe 75 2t 3 i
% (B A H 156 mg - kg™ 22 A7 BN 38 i, 1 A FF
H Fe DUJ i T e B (1) B B e BRAIG . REOR/AS AT Fe
RS 8 T AREKRE AT Cd 35 1 U, X R B /KA
Fe FH A RF 0] A5 K 57 B8 1) %08 55 F Cd o REOR/RS FF
Fe &5 22t Hb (L Bl Mo it BRF 0] 1) 38 % 348 T 386 o 228000
P AC ST RIHE SR I 3 A 3 T3 e 1 1 A AR K RS
FFH Fe o AR = o HLUL, 7E 9 46 101 J5 it 2k I A
FIFREAK D Fe AL R,
23 AP CIEREEBKF-FEMENFeTEZ
B 3% 2

HFGERI, KAREXT Cd BRI F5i5 5 Fe Mn %6
B SR YIM 56 , Fe Mn , Cd JC Z [A] 26 B Jy 35 4+ 1
W SHE MK R . Sasaki ZE"H Ishimaru 5520 A& B
JKFEXT Fe . Mn 1 Cd 1Y W K0 % 3z i # AL [7] 52 Nramp5
FEPREE R FEASR IS, 4 D OKFE SRR RS AT Fe & i
5K Cd & i 2 HERME A C (B 4) , Y FEFF Fe
SR, FOR Y Cd B SR AR, 3X SR B KRR N Fe
TR, Fe U SR NE G Cd Sk
FIRES G BES N R, TRt B FF b Cd ml R ok b i 75 8%
ZEPIH] 5 B FEALRDK Cd F = E K.

AR L AR Rk Fe S 5 RE K Cd & 2 &2
WE TR BREE R (P<0.01) , e R BHH T FE N Co=
-0.436+0.009C:.-2.62x107°Cr.2 (& 5) o X i — ik
B, K FE AR H Y Fe 5 Cd IR Ry B4l i 38 G i s 56
2, YRR Fe S RBURIT, Cd & AR, BE
FEK R Fe S 9 BRI BT (H SRR Fe i 1
TH#|— e R, AR Y Cd & 5 PR TR, X

040 - O S5AE True values
T 035F . HEHIHE Model values
2570 P O Y=-0.007X+0.418 9
5 o B R=0.27
18 £ 0.30 5
41 S - o 8o
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Figure 4 Correlation between Cd content in rice and

Fe content in straw
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Figure 5 Correlation between Fe content and Cd content in rice

AT REZ KA Cd 5 Fe 2 F g fiiliE , 2 — %
AR, BRI 112 K RE T RE A KRR
o R BN, I ELREA Fe & 00 BTV KRR AE
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[ AR T oK A Cd BRI H2 KA Fe 1Y
S B E —E B, B 2B 0 Fe 1 5 1 XK
AR IF IO B e . KRR Y B R 2R 2 T 7%
A GEICIR B (R s FRE A R, A PR Y
BRAAAR Y 12 B8 ) W N Fe i 5 R IR G X
FhSE A 1 &84 Cd By, AT 3 SRR K Cd &
R R, FEFF AR K Fe &0 5 CA A 0 b 6
WY, 7E—E F2JE F i ) Wit EDDHA-Fe A] L4 il 5%
K Cd 5ER%  BEIRAR K Cd & i .

TEZKFS H AT K Al F vp, A Tk i
AR, 5 Fe B8 Ik Fe*, PRI 5 T 9 7K A Wi
Weo BT K FEHE S RN LA, A TF AR I A
AR R i A B A AR A, D Fe B AL
Fe B0, PRI 5 1) 358 Fe 094 RO FRAK , S 30K A
W A kS B/ . Fe ZE KRR AR N AN 5 8% 3 Fl R
B oT R W AR ZEFF WO Fe Ok i iz 31 HoAth
FEEC T R Fe AT 850 UIT AR BRAIC, DX DL Ahr
HHERBH T R4 A B Fe EMR . AKAEREK Cd B 1M
FEK S ZE AT Fe O bR A AT fE 22 IR BREIOC R, L
i v Al =Tl o AN < kN (N = e - s R 1R T
) Fe 75t A i , RILAY R AT BEJZ PR A R 35, ik
FERERE Hh Fe 5 A, S PR A9 2 52 B 1Y S TH s I B
Ry X PIANAS [R] (1) 4 S5 2 K A 25 A Rk R
AN [T A Fe WS SRR B PR AN [ 38 1
24 AP EETESINEREFZEH PCAFIRDA
T
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(PCA 7 HT) , 25 SR WL IR 6, 3 3 SEI, & BLK ARG kL
I E SRR Z A —E R KT Cd Y
Mn Fe Z [B] 5 EAH G 2 —FSE — 3 55343 5 vl LA
i B B AR AL 81.9% 1 18.1% , AN [] /K A5 & Ff 22 1]
P 4 R TR A A 2 AR . LA ERE 15 AR A
FEA AL N SRR R AR CA I RE I3 2E
FERrrh Cd 5 AR, [RIEHO6 Fe 1MW I RE 7 LR
JIAE 6203 A FE AT 32253 A1 7625 — FN A DU B, % Cd
B HE RE T AR, (ELE XS Fe AR RE ) 205k T4
LA KRS dt Ffr o 156 B 2 S A W 0B SR OO0 R B g
Wik FRIRT . Y PR 15 MR AL 125 A4 534 W)
R, WG R 40 A . ARLLIT S, UK AR b
Fisxs Mn (IR ISCRE J1 22 BEAN K . KRR R 42 ) Cd
1 Mn B A SRR (R Fe A SEPE— .
L KA RERL R ) AR S SR T2 (8]
B RDA 287 o] LAFE H (& 6) , AR AEFERL H G Cd 525 FF
H Cd 2 B AR 5 20 R AN A 2 S A DGR A 4T, )
B 25 TR ) Fe 7 i 52 0 25 AURH DG, 32 BRI it FH
D7 B2 XLy 2 W ASCR L T
Jith , X 5 FRATHT I A HE AR R . A T RE R O £
BT AL TR ACIRES , L300 Fe LN A T AL,
A SR AN B 2 177 A - 8 Fe AT RCPEREAIR, 11
BRASE N BB T R, DRI i 1) SR B R AR . [
i} FeSO4 - TH.0 IYRUCR 47T EDDH-Fe, 8 S R 1Y &

OYWifli 1'% Y Liangyou No.1

CIMEAD 12 5 Xiangwanxian No.12

£ CARE B & T H HUAE RN & 2 e 1 eIk
3 #ie
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JIAE 6203, -1 77 2 7.90% 5 Y WAL 1 5 F- 4744 77 5%
4 5.72% ; WA 125218 72 380 6.15% . A [a] i
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R-Cd, Cd content in the rice; R—Mn, Mn content in the rice ; R—Fe, Fe content in the rice; S—Cd, Cd content in the rice straw; S—Fe, Fe content in the rice

straw; S=Mn, Mn content in the rice straw; Ty, Types of Fe fertilizer use; Vr, Rice varieties; Pa, Patterns of Fe fertilizer use
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Figure 6 PCA and RDA analysis between the heavy metals in rice and environment factors
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