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Effects of milk vetch (Astragalus sinicus) on yield, cadmium absorption
and translocation of double-cropping rice
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Abstract: [ Objectives ] We assessed the effects of milk vetch on rice yield, mitigation of cadmium (Cd)
toxicity in rice, and the physiological mechanism underlying Cd mitigation. [ Methods ] A 5-year field micro-
compartment experiment was conducted. The experimental treatments were fertilizer—free (CK), milk vetch
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(GM), chemical fertilizer (F), and milk vetch with chemical fertilizer (F+GM). The milk vetch was returned to
the field as winter planting green manure. Rice plant material was sampled at tillering, filling and maturity
stage of double-cropping rice. Cd content in root, stem and leaf, and grain were analyzed. The pH, total Cd and
available Cd content in 020 cm soil layer were analyzed after rice harvest. [ Results ] 1) Compared with CK,
the rice yield of F+GM and F treatment increased significantly, GM treatment increased significantly from 2017.
Compared with F, the rice yield of F+GM treatment increased, especially in 2016 and 2020. 2) The Cd reduction
effects of returning milk vetch on the same part of rice at different stages were different. The Cd content of early
rice root of GM treatment was significantly lower than CK in tillering, filling and maturity stage, but there was no
significant difference in late rice. The Cd content in stem and leaf of early rice GM treatment was significantly
lower than CK at grain filling stage, but there was no significant difference in late rice. The content of Cd in grain
of early rice, GM treatment was significantly lower than that of CK at grain filling and maturity stage (decreased
by 85.7% and 57.6% respectively), and there was no significant difference in late rice. The Cd content of root in
early rice, F+GM treatment was significantly lower than F at tillering, filling and maturity stage, but there was no
significant difference in late rice. The Cd content in stem and leaf of early rice F+GM treatment was significantly
lower than that of F at tillering stage, but there was no significant difference in late rice. 3) There were differences
in Cd transport in rice at different stages under the return milk vetch. In early rice, the root-stem leaf Cd transport
coefficient of F+GM treatment was significantly higher than F and CK at tillering stage. The stem and leaf-grain
Cd transport coefficient of GM treatment was significantly lower than CK at maturity, with a decrease of 52.2%.
There was no significant difference in late rice. 4) The accumulation of Cd in the roots of F+GM and GM
treatments was significantly lower than that of F; the Cd accumulation of early rice grains in GM treatment was
significantly lower than that of F; and the Cd accumulation of stems and leaves of F+GM late rice was
significantly higher than that of CK. The distribution ratio of Cd in the grains of F+GM and GM is lower than that
of CK and F, the distribution ratio of Cd in stems and leaves of F+GM is higher than that of F, and the distribution
ratio of Cd in stems and leaves of GM is higher than that of CK. 5) There was no significant difference in soil total
Cd content among early rice, while GM treatment was significantly lower than CK in late rice. Compared with
CK, the soil available Cd of early rice of GM and F+GM was decreased significantly, and no significant
difference in late rice. [ Conclusions ] Returning milk vetch to soil proved to be effective in increasing rice yield
and decreasing Cd content in rice. The two reasons for the positive effects of the milk vetch were: (1) the
decreased availability of soil Cd reduced Cd absorption by rice; and (2) the reduced transport coefficient of Cd
from stems and leaves to grains at maturing stage made the rice Cd content lower than the safety limit
recommended by the National standard.
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Fig. 1 Annual variation of double-cropping rice yield
from 2016 to 2020

[ 7 (Note) : CK—JCHEX R No fertilizer control; F—Efujifi fb it
Only applying chemical fertilizer; GM—}| ' 48 = %% Planting and
returning milk vetch; F+GM—AL LML & 48 = % K Chemical
fertilizer plus milk vetch returning. 72k b AN [a]/NE FH: 3R IR [a] —4F
Kb ] P2 B 22 5 @ 3% (Duncan, P < 0.05) Different small letters above
the lines indicate significant difference among treatments in the same
year (Duncan, P < 0.05).]
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Table 1 Cd content in early rice with different treatments

43 Part AbFH Treatment rBEHA Tillering THES I Filling S Maturity
FPKL Grain CK 0.28+0.03 a 0.33+0.05 a
GM 0.04+0.02 b 0.14+0.05 b
F 0.05+0.02 b 0.21+0.05 b
F+GM 0.02+0.01 b 0.17+0.06 b
ZEnt Stem and leaf CK 0.07+0.01 a 0.82+0.22 a 1.48+0.14 a
GM 0.05+0.01 ab 0.08+0.01 b 1.35+0.50 a
F 0.07+0.01 a 0.12+0.06 b 1.2440.18 a
F+GM 0.04+0.01 b 0.05+£0.03 b 0.93+0.21 a
#R Root CK 0.56+0.07 a 2.54+0.32 a 8.71+0.12 a
GM 0.28+0.03 b 0.50+0.01 b 5.49+0.04 b
F 0.56+0.04 a 0.54+0.03 b 5.63+0.38 b
F+GM 0.20+0.03 b 0.12+0.02 ¢ 3.91+0.19 ¢

¥ (Note) : CK—JGAEXTHR No fertilizer control; F—HUjififk. AT Only applying chemical fertilizer; GM—i# [ %5 < 9% Planting and returning
milk vetch; F+GM—ALIEHL & 45 =9 HIJE Chemical fertilizer plus milk vetch returning. [F]3 45085 AN B 7 FF: 2R [ —&B A 40 Bl R 22 573K 0.05
2 & K (Duncan, P < 0.05) Values followed by different letters in the same column indicate significant difference among treatments in the same

part at 0.05 level (Duncan, P < 0.05) .
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Table 2 Cd content in late rice with different treatments

FBA; Part Kb ¥ Treatment ZrBEY] Tillering FESZ Y] Filling S Maturity
HRL Grain CK 0.03+0.02 b 0.04+0.01 a
GM 0.06:0.00 b 0.06+0.01 a
F 0.14£0.07 a 0.08+0.04 a
F+GM 0.07+0.01 ab 0.060.05 a
250} Stem and leaf CK 0.04+0.00 b 0.07+0.01 a 0.28+0.02 a
GM 0.05£0.01 ab 0.14£0.01 a 0.43+0.04 a
F 0.09+0.02 a 0.33£0.15a 0.43£0.13 a
F+GM 0.06+0.02 ab 0.21£0.20 a 0.40+0.16 a
¥ Root CK 0.27£0.03 a 0.40£0.12 b 1.94£0.07 b
GM 0.28+0.00 a 0.62+0.03 ab 1.96+0.40 b
F 0.52+0.22 a 2.12+0.50 a 2.68£0.23 a

F+GM 0.36£0.05 a 1.80+1.19 ab 2.32:+0.16 ab

¥ (Note) : CK—JGAEX}HE No fertilizer control; F—H1jifi {LAE Only applying chemical fertilizer; GM— £ 48 9% Planting and returning
milk vetch; F+GM—ALIEHL & 45 =9I E Chemical fertilizer plus milk vetch returning. [F]3 450385 AN 6] 7-FF: 2R [ —&B Az 40 B R 22 53K 0.05

1B # /K (Duncan, P < 0.05) Values followed by different letters in the same column indicate significant difference among treatments in the same

part at 0.05 level (Duncan, P < 0.05) .
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Table 3 Cd transport coefficient of early and late rice under different treatments

Sy BEW Tillering FES I Filling SRS Maturity
2 AbER
Type  Treatment L=y HR-=En E L=y e R
Root-Stem and leaf Root-Stem and leaf  Stem and leaf-Grain Root-Stem and leaf  Stem and leaf-Grain
FRAE CK 0.13+0.03 b 0.34+0.12 a 0.37+0.09 a 0.17+0.02 a 0.23+0.05 a
Early rice GM 0.17+0.00 ab 0.17+0.02 a 0.41+0.15a 0.25+0.09 a 0.11£0.01 b
F 0.12+0.01 b 0.2240.09 a 0.45+0.05 a 0.2240.03 a 0.17+0.02 ab
F+GM 0.19+0.04 a 0.46+0.23 a 0.24+0.10 a 0.2440.07 a 0.17+0.03 ab
M Fe CK 0.16£0.02 a 0.18+0.05 ab 0.48+0.18 a 0.14+0.01 a 0.15+0.06 a
Late rice GM 0.19+0.04 a 0.23+0.02 a 0.42+0.04 a 0.2240.02 a 0.13+0.03 a
F 0.25+0.20 a 0.16+0.08 ab 0.44+0.03 a 0.16+0.04 a 0.18+0.03 a
F+GM 0.17+0.07 a 0.10+0.03 b 0.78+0.52 a 0.17+0.06 a 0.1240.07 a

¥ (Note) : CK—JGAEX}HR No fertilizer control; F—H1jifi {LAE Only applying chemical fertilizer; GM—# £ 48 9% Planting and returning
milk vetch; F+GM—{LALKL & 45 = HHJE Chemical fertilizer plus milk vetch returning. [F)F £ f5 AN [R5 F 27K [Rl— /K AE S RUAL B[R] 22 570K
0.05 {2 #/KF (Duncan, P < 0.05) Values followed by different letters in the same column indicate significant difference among treatments in the

same rice type at 0.05 level (Duncan, P < 0.05) .
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Table 4 The accumulation and distribution ratio of Cd in each part of the early and late rice
at maturity stage under different treatments

R Root ZXIH Stem and leaf FFKi Grain
E hb 3 2t S LA 2t YA S M LA

Type Treatment Accumulation Distribution ratio Accumulation Distribution Accumulation Distribution ratio

(%107 mg/hole) (%) (%1073 mg/hole) ratio (%) (%107 mg/hole) (%)

LA CK 8.3+0.5b 36.6 11.0£0.7 a 483 3.4+0.4 ab 15.0

Early rice GM 6.440.5 ¢ 30.9 13.6+4.9 2 58.5 2.540.9b 10.7

F 10.7+0.5 a 334 16.6+2.4a 51.1 5.1+l1.1a 15.0

F+GM 6.440.4 ¢ 295 12.6£2.5a 56.1 3.3+1.0 ab 14.4

A CK 1.9£0.1d 36.4 27403 b 53.0 0.5£0.1b 10.6

Later rice GM 3.0£0.4 ¢ 30.7 59+1.0b 60.5 0.9+0.6 ab 8.7

F 6.740.5a 253 18.2+5.8 2 63.9 3.1+12a 10.9

F+GM 52+02b 24.9 147432 a 67.7 1.8£1.3 ab 7.4

¥ (Note) : CK—JGAEX}HR No fertilizer control; F—H1jifi {LAE Only applying chemical fertilizer; GM—# £ 48 9% Planting and returning
milk vetch; F+GM—{LALKL & 45 = HHJE Chemical fertilizer plus milk vetch returning. [F)F £ f5 AN [R5 F 27K [Rl— /K AE S RUAL B[R] 22 570K
0.05 {2 #/KF (Duncan, P < 0.05) Values followed by different letters in the same column indicate significant difference among treatments in the

same rice type at 0.05 level (Duncan, P < 0.05).
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=5 TEANELEpH, 2 Cd REHCASE
Table 5 Soil pH, total Cd and available Cd content in different treatments

Al ise| M Cd (mg/kg) A3 Cd (mg/kg)
Type Treatment Total Cd Available Cd
FLF# Early rice CK 6.23+0.05 a 0.30+0.01 a 0.21£0.01 a
GM 5.93£0.01 b 0.25+0.02 a 0.16+0.01 b
F 6.1840.13 a 0.25+0.02 a 0.16+0.01 b
F+GM 5.92+0.15 b 0.25+0.03 a 0.17+0.02 b
Wi fe Late rice CK 6.26+0.05 a 0.30+0.00 a 0.20+0.02 a
GM 6.17£0.10 ab 0.23£0.03 b 0.1740.01 a
F 6.05+0.10 ab 0.280.02 ab 0.20+0.03 a
F+GM 6.0140.10 b 0.25+0.04 ab 0.19+0.00 a

1 (Note) : CK—JGEXT & No fertilizer control; F—Hjififb it Only applying chemical fertilizer; GM—#H % %8 = %% Planting and returning
milk vetch; F+FGM—LIEEL & 45 = JEH# . Chemical fertilizer plus milk vetch returning. [5]3R5 A [R] 5-RE 3R 6] — /KRGS AUAR [R] 4b B R) 22 57
ik 0.05 23K (Duncan, P < 0.05) Values followed by different letters in the same column indicate significant difference among treatments in

samerice type at 0.05 level (Duncan, P < 0.05).

FEAEBRIG I, CK ACFRY P S i~ 1%, GM LS
AT N S SRS v S o @ T
HARRE SR,

MR R EAEPI L Cd 1) CEERR A, KA AR #8
B Cd 2= MR, 85 R ZR>ZE 0> fPRe,
KGR Cd & SR APRLAY 20~40 £ . FHhAY 10~
18 15 . M 4~ 13 £500, AWF5EG 2RI 45
Fo ARWFFEH F+GM ARHEAYR | BREHRES Cd &A%
T F A3, GM AR FERA Cd & 28T CK;
F+GM Ab B FL | Bafg2Emt Cd & &K T F Ab 2
GM Kb FAFZEM Cd & HALT CK, F+GM 4
FIFFRL Cd SR T F ALBE, GM AbFRAGHFRL Cd &
LT F AR, JERWEIMIR G REY], £
YOI AT AR & T OKRE = R [FIRE, (RS Cd & it
FEAIG 39.1%, (HRGA Cd & S FEAK 43.5%. LB BIE
ERYEHARBRIKKR Cd S EMMEN. F YRR
Cd %L T CK, HF 5/ Cd Ef&ER T CK,
Ul AR AR it 3 K R i €d BRI B cd &
AT TR, X AT RESE B AR 8 4 it FH A a2 7K A
ARER, WHAEY RS, e T — 2N
BN, AN F AR PR FFRL S i A, HOFPRL Cd SRR
AR, MFAFRRR Cd &R AT CK, 1M
B TG L B 2 T B 5 /K R 1) i PG DG 01, kb,
F+GM 5 GM 7K #§ Cd BFELT CK 5L F, Uil
A PRI AR H BRI REXT Cd IR R

Jiti FH 38 388 1 I 5 7K R 7 it [ AR A5 B DR IE 5 1
i, ABHAFAE—E R Cd 15 YL AR . T B 45 = T Y

IR BRI T it AL A AL B, {H 58 2 3 A R
FRAR T KFE I Cd & 5 = 0 S50 Al it A A =
TR AR T, TR B X K R L A B Y R
Cd B0
3.2 BEZEZTEFPERAKTE CAd A E B
IR Cd T 2 2 4 8 v 1 PR 5 ) 23S
A Cd, AR Cd Fim e i KR Cd i
WS, d A 3 e 4 o - A &% Cd B AT LABR R K AR
XFCd I, X IRy i R, KA 2R
FRRLI Cd & & T 2 R 8k Cd & =BT 2
B AL REH, GM 5 F+GM A HRFE 1
AR Cd S EMT CK, GM 5 F+GM b #iig
Fe B HEA R Cd FHEART CKHA R, UL BIE L
Y, KR Cd SRS ERE N, SHLES
B Cd & FEARAT G, 58 0 R il A AL
Cd & & FFE, HHeh Cd A RIERML, KA
Cd MWz 205 m, KRG Cd & TR, Bl
ZEMSHPRIR Cd B MR ILAh, AFSRIE LI
YRR T KRS (L RS) 13 pH, HTATE
W r AT TARZ 058, B E TSR Wik H 58—
MIEE®, . FHAFCFSE AN 5 208 i+
% pH; AWFFRNEAN, 23R FRF 2 80
FEUSCAR I 11 pH I FRARCY . MHSCRFIT R, 3
pH 5AR Cd FEAFERAAIERY, BRI
FENIA MG A AL, AR cd FRE, R+
1% pH WFEAL 0.1~0.4 DEALL; ABFFE RIS = SeAE
HRIRAHUIE, B - RO 5 R IR o 45
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W) E SR 50 R

27 4

Sl FIRES R AVA G, L ERHLI R ]
W, AR HRAGE

Cd #EATKFRMRSE , K-8 h REER 52X
AR, AP R Cd #E A SRR, R [RIH AL )
Cd B FERZ AN Cd friz R 152w, R
TS A 55 AR [ ML R A B B SR R K R 2R R
HCd BRI FERZR o KRR ERXT Cd
Wb, AR T R s g, AR Cd R
WoBE; Rz, M EEAFFRLAY Cd BRI
R AREFITAE R FEN], F+GM FI GM Ab 34535047
) Cd RRUEILT F, iS5 R, %=
BE R IR T KRG Cd B, X S5TEFFEAHL
PrRLe 25 REHARL, @ R od 2R E AR
(% 4), F+GM 5 GM L BEARER . Frhi Cd EFE
KT CK, WL cd BEENET CK, £
LRI R X KFE Cd B A r= A —E R . It
Ah, IASEBALG Cd A Be L BIRE , 45 40 B A AR
Cd 4y B e B ik, o CK 5 F 4~ 40 B A kR
Cd /3 Ee Ll — 3, 1 F+GM 5 GM &b 3 it F1 kL
Cd A ECHAE T CK 5 F, F+GM 5 GM b Bik4i
Cd 43 e L FAR A i R 43 R A 5 3 1 28 b, B
UE T2 R0y 6 52 KA Cd M40 543 . [
i F+GM 1 GM AbBZE it ¥R Y Cd F4i5 REUILT
CK 5 F, FRMERIENF AL T KR ZE 0k
) Cd ¥ iz B8, W55 2EM—FPRifY Cd §5isfe )y, 22
AR Cd frizmim /b, FECEEMT Cd 28 E L
Tt ArEcS I Z, kPRI Cd REE TR, AT
A7 Eeig b

4 558

BHIE 5 B oK RS 7 i, [N B B0 iR
Cd B o 58 2 3 1 Bl He X /K Ff B B Cd A BEAIL A
e —IERER T AR Cd B, TR K R
Cd &t “JERRRZEM—FPRIRY Cd #iz 280, s
Cd [ FFRLIFR B E T, FEMROKREAFRL Cd RAE 70
B, A== Cd &R T R L 2R AR
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