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Effects of repair fertilizer and milk vetch (Astragalus sinicus L.) on cadmium uptake and accumulation in rice
TAO Ronghao', YUAN Xufeng’, WU Xinde’, WANG Yao', LU Hongjuan', YE Wenling', CHEN Yong‘, MA Youhua"

(1.Key Laboratory of Farmland Ecological Conservation and Pollution Prevention and Control of Anhui Province, College of Resources and
Environment, Anhui Agricultural University, Hefei 230036, China; 2. Qingyang Agricultural Technology Extension Center, Qingyang
242800, China; 3.Chizhou Agricultural Technology Extension Center, Chizhou 247100, China; 4.CNSIG Anhui Hongsifang Fertilizer Co.,
Ltd., Hefei 231602, China)

Abstract: In this study, we explored the remediation effect of repair fertilizer and milk vetch (Astragalus sinicus L.) on cadmium-
contaminated rice fields. Under field conditions, the repair fertilizer and milk vetch treatments were set up, and the safety utilization effect
was compared with lime, which is a widely used remedial treatment. The effects of cadmium on the uptake and transport of cadmium,
DTPA-cadmium, chemical forms, and enzyme activities of cadmium in different parts of rice plants in cadmium—polluted paddy fields were
studied. The results showed that:the combined application of repair fertilizer and milk vetch could increase rice yields by 9.01% compared

to treatments without soil conditioner. The individual application of repair fertilizer or milk vetch also increased yield to a certain degree.
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Repair fertilizer and milk vetch applied alone or in combination could effectively reduce the content of cadmium in brown rice. The

combined application of cadmium in brown rice had the best effect, reaching 28.64%. The cadmium content of brown rice treated with lime
was also lower than the limit value of GB 2762—2017. The pH of the rhizosphere and non-rhizosphere rice soils increased by 0.20 and
0.32 units , respectively, with the combined application of repair fertilizer and milk vetch, which was better than that of lime treatment
(increased by 0.08 and 0.23 units). The DTPA-cadmium content in rhizosphere and non—rhizosphere soils decreased by 32.25% and
40.54%, respectively, when the repair fertilizer was applied alone or in combination with milk vetch, and the cadmium reduction effect was
close to that of lime treatment(27.87% and 42.85%, respectively). The combined application of repair fertilizer and milk vetch reduced the
content of weak acid—extracted and reducible cadmium in soil, and increased the content of residual cadmium. In addition, the combined
and separate application of repair fertilizer and milk vetch increased the activities of soil invertase, urease, protease, and catalase to a
certain extent. The input—output of milk vetch and repair fertilizer applied alone or combined were 1.76, 1.73 and 1.72, respectively. To
summarize, when returning milk vetch from cadmium—-contaminated rice fields, the application of repair fertilizer can reduce the cadmium

content of rice, increase rice yield, and improve soil enzyme activity. Its input and output are relatively high, and it has higher economic

benefits and operability.

Keywords : milk vetch;repair fertilizer; Cd ; paddy ; soil enzyme ; economic performance
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Table I Heavy metals content of soil conditioning materials(mg-kg™)

1l Material iCd KHg ffiAs  HPb K Cr
ZAE Compound fertilizer 0.18  0.012  11.7  16.8 15
1852 HEE} Repair fertilizer  0.05  0.004 8.7 17.7 11
i JK Lime 052 0019 181  39.0 14
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Table 2 Field plot test treatments and material consumption

Jb 3 BT RL it P o #E
Treatment Repair material Amount/(t+hm™) Remark
CK — — AL FE
SH K 2.25 W R HE N
FL BN 0.45 I HENE
ZYY fiif 58 R e 22.50 SEALI D 20%
FZ BEENEEEE R 0.36+22.50 A HENE

T < 45 Kb B U B i A B A P e PR — 2
Note: The application rate of N, P and K in each treatment is
consistent with the application rate of topdressing.
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Table 3 Effects of different treatments on agronomic characters of

rice in field plot

Tk SR AR B v
Jb 3 ) ; o P
- 1 000—grain  Seed setting Effective tillers _ . 5
Ireatment . Yield/(t-hm™)
weight/g rate/% number
CK 24.97+0.53a  78.67+1.16a  14.67+0.14a  6.91+0.05b
SH 24.90+1.11a  81.00+1.73a  14.60+0.53a  7.21+0.02ab
FL 25.34+0.28a  80.00+3.00a  14.67+0.55a  7.40+0.38a
ZYY 25.16+0.68a  80.67+2.08a  14.61+0.44a  7.38+0.25a
¥z 25.23+1.05a  78.33+1.53a  14.84+0.22a  7.53+0.18a
T WA RING TR b 3R 22 5 i 25 (P<0.05) . R,

Note: Different lowercase letters in the same column indicate

significant differences among treatments (P<0.05). The same below.
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CK Ab 8 [% X T 28.65%, Y5 SH 4k B AH b B& A T
13.80%, 1M ZYY Kb FRAY AR 3 R 11.02% , 5 FZ 4031
A EA B 272 5 (P<0.05) .
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Brown rice Cd content/(mg-kg™)
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Different small letters above the same column indicate significant
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difference between treatments (P<0.05). The same below
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Figure 1 Effects of different treatments on Cd content in brown

rice(mg-kg™)
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Figure 2 Effects of different treatments on the content of Cd in

various parts of rice(mg-kg™)
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Table 4 Effects of different treatments on Cd enrichment and

transport coefficients in various parts of rice

pisil BCF g TF st TF soxsmier TF soxm
Treatment BCFGrain TF Strawe /oot TF Grain/ straw TF Grain/ Root

CK 0.716+0.067a 0.626+0.053a 0.657+0.114a 0.408+0.048a
SH 0.580+0.081b 0.533+0.035b 0.663+0.057a 0.355+0.052ab
FL 0.534+0.040b 0.443+0.052¢ 0.713+0.061a 0.314+0.010bc
ZYY  0.622+0.083ab 0.596+0.043ab 0.710+0.075a 0.422+0.016a
Fz 0.510+0.040b  0.393+0.035¢ 0.700+0.014a 0.278+0.030c
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3504 31.07% .24.82% F132.25% , F AR B+ A &%
SRR IE 73 93K 2 T 35.98% .37.37% F140.54%,
SH Ab B AR B A E AR Br 1 58 4 202 58 o 1 AR
27.87% F142.85% , FZ Ab BRFEAR X AR B 1 A 2048
FIRCR By, HS5 H A A P95 57 8 3% (P<0.05) , #4540 HE
X AR IR A 358 Hh A SR I BRSO AR PR -3

x5 REAERT R FEA 3 pH A RS RS
Table 5 Effects of different treatments on soil pH and DTPA-Cd

content at ripening stage

13 pH Soil pH F S DTPA-CA/(mg-kg™)
L O e
Treatment Rhizosphere Non Rhizosphere Non
soil rhizosphere soil soil rhizosphere soil
CK 5.47+0.02¢  5.36+0.03b  0.203+0.011a 0.195+0.013a

SH 5.65+0.05ab  5.59+0.04a  0.147+0.005bc 0.112+0.002b
FL 5.70+0.04a  5.68+0.05a 0.140+0.007bc 0.125+0.007b
7YY 5.57+0.07b  5.62+0.06a  0.153+0.002b 0.122+0.004b
Fz 5.67+0.02a  5.68+0.06a  0.138+0.008c 0.116+0.006b

2.3.2 AN[AIALHG + TR A e AL 5

F & 3 AT A F CK AR FL . ZYY 1 FZ 4b 3
I RE A AR B A 3 v 4 49 55 R R US4 AN v] 38 SR A B
SRR, MR TE 19.97%~31.97% F1 3.76%~14.08%
Z 6], FZ 2 PR IR e W s FL A ZYY 2 FR Y e g 4
R AR PR g () ] SRS E R TR F SH A 3
FZ b B AR B 4 38 5% i 45 A i 4R TR AU e {18 3
139.63%. AEMRPRLIE D FZACHERT DL 2 AR -5
SIRELINAS , I8 F) T 28.78% ,{H FLA ZYY 4b PEEZCR
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Figure 3 Effects of different treatments on the form and distribution proportion of Cd in soil at maturity

KT SHALFE ; FL AN 0] DL ERR PR - 498 vl S fb A
R 25 1Y S 0 R R 21.609% F111.98%, FZ 4L BiAJ:
HRBR -3 rh Ak A & AR TR W, 3631 T 25.00%
2.3.3 AN[A]Ab BT A 3l 1 5 )

P P14 R, AS TR] A B A 398 o i A 10 5 i L
HESME. BT CKANEE, FL . ZYY 1 FZ b P4 68
AR R S M, T ZY Y AR AR
LA B T 21.73%, 5 SH AL HAH e 22 57 B 3 (P<
0.05) o FZ Ab3E 55 T - 198 gk 1t 1 R0 16 ) 05 2 43
WA F] T 54.26% 1 65.79%, 5% 25 T SH &b B (P<
0.05). FL.ZYY F1FZ kb B 3 85 (A i A0 32 TR AE
0.01%~7.84% Z ] Ik T~ SH AL FR AR
24 AEKEMKBEDMIRSE . TEH RS
BREE RIS

XoF 7RG AN [R5 4 1 it R TAH S 2B, 25 SR
6 R RKER O i SRS T i R B IE A GG R
(P<0.05) , 55 b FF 58 1 i S B 3% 1IE M 6 6 & (P<
0.01) , FEFH4 O & SR 7EHm o 8 22 [B) A 25 1EAH G
KZR(P<0.01), MR & i SRR & i ARS A6 7
HZMRAAAHEER, SRR R R IEHCER H
PSSP NTE N

Xof 7K Fe - 38 pH A RS T i B B Pk R A AR
KA, G5 R ANER T FoR , L pH 5 A RCER & i
2 [A] AR 2 UM D6 &R (P<0.01) , i A AL AU 5 IR
fif 22 [1] S A ik 2 TEAHOC G 2R (P<0.01) 5 BEWH i 22 7]
I E MR (P<0.05) , A RS & 5k
[i) 52 4 3 BRH O 56 2R (P<0.05) , IREM -5 85 1 il 2 ()
5B E AR (P<0.05) , A8 br 2z [ FE e A 56
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A B ¥ T i BERE AN K RS M 4% DL AP 4k
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fith b, PR R X R 8 s o A H LA s 1)
JEZYY FLALBRAIFZ AL PR 4354 1.76 .1.73 Fi1 1.72,
2 5T SH AR HL(P<0.05) .
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Figure 4 Effects of different treatments on enzyme activities in rhizosphere soil at maturity
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FE (R B A, b, BT A5y 25 110 A B A%
A2 NERL RN B At L X T g B B R AR
CERAN AR E KRBT LR Z— 1]
DUFIEE 4 Ja T2 A AL &4, Dt 3 4 ) 110 AR P B
YEFRR, A 5% 2 W 48 2 3 m] LA W 2 KA K B 4
A S, B0 AR 2R X ) W MSORIDA TR Hh B AR R, A
W5, A8 52 NEURL 0 58 2 6 14 it P i 06 (5 4R — s FF A
R =R 14 % 328 ZR BRAIR , 328 T AR AP /K e B K v 4
B o PR 2~ 0 B RS PR IRRE K A R 4
HORORE S A FEAR R B, TR RSB R
NEALER & it FH 20 BE 6 (2 2 FRAIURE R h & B 1 1

1% WHART]

AT BB AE AR L B T B RR SR Ay, FLR R S
R T - 498 0% 2R 18 67 F A, T G S AN L)
F IR RS 1 7 X A - B R i L, I ok el 2 o 4
J& 75 - HE W 2 G T8 S OR B AR EE 4 A A 8K
P SEM R AR K P4 & 10, SRR IEEA YL ki
FAX e KRB R R AR NG A2 S AP TR K 22 573X
Al BB RO %52 i 72 A7 + 38 pHAE (Eh  FR 53k i
AR LA B 7K e it oy 48 22 0 DR 28 1 e [ 5 g 21, AT b 5%
2= it PR 1A I ) R K A 38 A AL A e i
— LAY
32 AEAEIN TIEpH BRERERBESELN
A1

T pHEX E A B IL A B, 35 L1
pH RENS PRI - 18 5 4 @ (09 A s AR R sE ), HOR
PR pH 52 2 398 0 4 8 A VA - DU TE T . Zhang
EE313E 1 T JR AR 0T A K RS - SR A e VR 6 & B, A
IEBE 5 0 e R BAF SR AR LL X AL 3
2xffi -4 pH{E M 5.98 [T+ % 6.24~6.28. Mohamed
SRR 5E K Bt fin 2 IR JS - HE pH M 6.04 38 i
F| 6.91, 8 15 A 22 e & 45 M 1.00 mg - kg FEAL 2=
0.03~0.39 mg-ke™'o AWFFEH, 75 HLjE 55 = 9 ) 5%
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Table 6 Correlation of Cd content in different parts of rice under

different treatments

U 5 S S 2 5 T A
T SEO AR TV Bk 2 0 50
FEAEH o Wang FEPRIHESE Bos , BRI — A5 AR 1Y

Jow WpRea | Boeod EEel o WG HBOKPERENR98%. AT A SR RIE AL
WKCL Lo M5 5 25 I i T3 9 8 A 2 i
Brown rice Cd 18T 31.07% M132.25% . ASINE = P25 2z + 1Y
Filicd 015t 1000 HRACPEAR I B2 B ST B A WA R 1
WRCL 0 o761 1000 AL, Yin SO BF SN AT HLIT AT AR 1 047
Straw FOLBAE AT (AR AT 280 . SRR BN T 1
o SR HLTR S5 it o A BB B s T

T £ 0.01 Gl WU ) ARSEHE .35 . * £ 0.05 Fill (XU ) ,
HMRPER % . T,

Note: ** indicates the correlation is extremely significant at the level
of 0.01 (two tailed) ; * indicates the correlation is significant at the level of

0.05(two tailed). The same below.

SR A it B R, 4 3% pH 3% i T 0.10~0.23 4~ 24
7, 11 Wang SEEWIF 57 & Bt 0 S NE 5 KRB AR X 1313
pH 5 FAEAR X 38 (H KRS 45 5807 T 4 R 0 o 3
e A 3 A RS O R A ) R R R A )
FERZE . MR R, 8 i RO 8 n] kA -
B 0 A A S I S A X - S ) I A
16 5 NE R HR 55 A B R AR V5 A J T 45 o 4 I 2 i i
VE i A 1 A R TS I RO AR i S b . Qiu
SR AR W AN K B ST SRR RS BAER, &

SR 4 A 25 G LA R A ) 3R R LT, AT
P v 1 L ORI X R R T iR RE T . R
WFFE R, HIA SR RS A R R R
FAEAMSE, 5 pH 5 2 sl i 35 TR SE R AR
Borrb, 4 pH A RS R R 2 ) S AR R A TR R
KE(P<0.01), HETAMFEEIR —2, Ham
S REP U SN A IS IRV A S PRI B AL R
HA AR A YA A A B E 4w Wk 5
WA AORI T, HAE 3 rh O WA TR 25 B R W)
(A= W0, DR B b S R AR AN TR 25 H AT
o SRR A R SRS B 2 ) BRI, AT ik
i B A AT SR AL A R A — R A5 T REFE AL Dy m] A2 ik
B, RERE R BRI WA . Zhang FFIF ST R,
Jiti 5% 2 9 AT LA 3 - 398 v 1) IR el B BRGS0 el ik

F7 AEACEIRER L pH BRSRREEEHEXE

Table 7 Correlation of rhizosphere soil pH, available Cd and enzyme activity

£zt 13 pH AR Cd i AL E R i it FERG HEIG
Index Soil pH DTPA-Cd Catalase Urease Sucrase Protease
+3% pH Soil pH 1.000
A3 Cd DTPA-Cd -0.814%* 1.000
1 F AL A Catalase 0.394 -0.516% 1.000
W Urease 0.310 -0.529%* 0.776%* 1.000
JREBER Sucrase 0.553* -0.467 0.536* 0.465 1.000
FE 1T Protease -0.134 -0.102 -0.072 -0.132 -0.579* 1.000
=8 FAEMEZFHIREDH
Table 8 Economic benefit analysis of different treatments
4t 3 BEA Input (FE+hm ) BAA B BT
Treatment WPEF] Conditioner  NEF} Fertilizer At Other  Total input/(JG+hm™)  Total output/(JC+hm™)  Input-output ratio
CK 0 1215 9500 10715 10 755+81b 1.01+0.01¢
SH 2250 1215 9500 12 965 19 159+301a 1.48+0.02b
FL 1350 0 9500 10 850 18 757+62a 1.73+0.01a
ZYY 450 972 9500 10922 19 236+551a 1.76+0.05a
¥z 1530 0 9500 11 030 18 963+411a 1.72+0.04a
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