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Effects of crayfish shell powder returning to paddy field under water

management on cadmium accumulation in soil and rice

JIANG Huifang, MA Li, DU Linsen, LI Kui, XIAO Zhihua, WANG Hua"

(College of Environment and Ecology, Hunan Agricultural University, Changsha, Hunan 410128, China)

Abstract: The rice pot experiments were designed under two water management methods, alternation of flooding and
dry(FD) and full flooding(FL) with adding 0 g(CKFD/CKFL), 20 g(FD20/FL20), 40 g(FD40/FL40), 60 g(FD60/FL60)
crayfish shell powder, to investigate the effects of crayfish shells on cadmium(Cd) accumulation in paddy soil and rice.
The results showed that adding crayfish shell powder could increase soil pH under both kinds of water management over
the adding amount. Compared with CKFD, the proportion of iron-manganese oxide bound Cd and amorphous Mn oxide
decreased after addition of crayfish shell with FD water management for rice at mature stage, thereby increasing
DTPA-Cd mass fraction and resulting in increased Cd mass fraction in rice roots, stems, leaves and rice(except FD60
rice). Among them, FD20 and FD40 treatments significantly increased the Cd mass fraction in rice by 38.53% and
40.70%, respectively. The Cd mass fraction of rice under FD water management exceeded the national safety
standard(0.2 mg/kg). Compared with FD water management, during the rice ripening period, with the same amount of

crayfish shell powder added, FL treatment with crayfish shell powder increased soil pH value, decreased Eh value and
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petpH value, which led to an increase in the proportion of iron-manganese oxide bound Cd, amorphous Fe oxide and

amorphous Mn oxide, significantly reduced soil DTPA-Cd mass fraction. Compared with CKFL, with crayfish shell

treatment the mass fraction of Cd in the roots, stems, leaves and rice decreased, and the mass fraction of Cd in rice were

lower than the national safety standard, and FL60 was the optimal condition.

Keywords: rice; crayfish shell powder; soil; cadmium; alternation of flooding and dry; full flooding
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Fig.1 The soil Eh, pH and pe+pH in different periods of rice by
adding different amounts of crayfish shell powder under two

kinds of water management



54 R A K222 R (A SRBL22 ) http://xb.hunau.edu.cn

202544 H

M LA RTE, FERRER3A A F A, [F]—IF
FEMRINE T, FDF t3Epe+pH i # m FTFLF 1
(G BEHITR NGO g F5ehs AL HERRAM) . F IRl —7K 4348
R B2 FIACEAR e, ZEK RN B, MRl K
FF AR SEA 4380 T+ pe+pH(FD60BR A1) 5
FEK R AR A, TR INER ek in TFD T~ £+
HEpe+pH, F&KTFLT +4petpH, Hrr, FD40/
+HEpetpHIG IR R, TR IERR, TFL40/Y
+ FepetpHFSE IR R A, 80 JF I A .

2.2 KD ERE TINEM R M £EDTPA-Cd
R SR

ME2E 5T, BEE KRS E B IR, [F—IF
FERURINE T, FDT +3EDTPA-CAJFi & /i B 14
I E IR BER A EFH(FD60RRAM) , TFL i)
LRI HIACA &S, EFD R DTPA-CAF &4
BN FFLTR R, JUHR AR KRR A A0 et
PR KM E BRI 22 T A G0 o FEKAR T BE
AR, PR E R USRS e b B
EFEAL T HHEDTPA-CAJT it 43 B (HHAE I FD20B%
o HArBEXTHL, MEUBIRIFDA0FIFD60) 135
DTPA-CAJFi izt /-4 B35, 3X B AR (s in
FEAETE AL CAb a3

CKFD 1/ FD20 X)) FD40 = FD60 [l CKFL g FL20 B FL40 BB FL6O
0.9F

T 0.8F

&

o

&

& o7b

KR

i

Hﬁ

=l

3 0.6- n
==

£ e

5 = N

2 ost =
=
KX—
=
=
=

0.4 ]

A

FIAE B[Rl — £ B AR RS F 8RR [ — IR e R s A [ 2k
ARy A 2 58 Ge 2 (P<0.05), ARRI/INE F-BE R R —7K 53
A Py ORI RS A I A BRI 4922 A e 2 8 L (P<0.05).

E2 BWHKIPEERERAEITEMAME T KESES
HAW T IEDTPA-CARE N H

Fig.2 The DTPA-Cd mass fraction of soil in different periods of
rice by adding different amounts of crayfish shell powder

under two kinds of water management
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Tablel The proportions of soil Cd forms in different periods of rice

by adding different amounts of crayfish shell powder under

two kinds of water management %
RN Fiea
i RS G g PRI

R L e, T AN

STEER] CKFD 43 16 33 1 7
FD20 38 18 32 2 10

FD40 28 25 38 3 6

FD60 25 33 33 2 7

CKFL 49 18 26 2 5

FL20 33 21 31 2 13

FL40 28 26 36 2 8

FL60 29 31 32 2 6
W CKFD 55 16 25 1 3
FD20 47 19 28 2 4

FD40 45 19 30 2 4

FD60 35 22 36 2 5

CKFL 49 13 33 2 3

FL20 41 16 39 1 3

FL40 35 17 41 2 5

FL60 38 16 39 2 5
B CKFD - 41 18 33 3 5
FD20 42 19 32 2 5

FD40 45 27 21 2 5

FD60 42 25 25 2 6

CKFL 40 16 38 2 4

FL20 36 20 35 1 8

FL40 35 20 35 3 7

FL60 29 23 42 2 4
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Table3 The proportions of Mn forms in different periods of rice by
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W A iFeisEfe e BAEE LA
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SYEER] CKFD 45 12 10 33
FD20 47 14 6 33
FD40 48 15 3 34
FD60 49 16 2 33
CKFL 49 10 2 39
FL20 41 11 17 31
FL40 42 11 16 31
FL60 42 11 16 31
I CKFD 43 7 14 36
FD20 43 8 15 34
FD40 43 6 14 37
FD60 43 7 14 36
CKFL 43 12 14 31
FL20 43 11 13 33
FL40 43 13 15 29
FL60 50 17 17 16
M CKFD 42 5 16 37
FD20 42 5 16 37
FD40 42 4 16 38
FD60 43 5 15 37
CKFL 43 12 15 30
FL20 42 12 16 30
FL40 42 13 16 29

FL60 43 12 14 31

two kinds of water management %
W g 05?3‘%/;% JTE AN SN
TG R AL AR R AR R
4YBERS CKFD 48 6 4 42
FD20 49 7 2 42
FD40 50 10 1 39
FD60 50 11 1 38
CKFL 50 4 0 46
FL20 48 6 4 42
FL40 48 6 5 41
FL60 47 9 7 37
i CKFD 38 38 24 0
FD20 34 43 23 0
FD40 44 29 13 14
FD60 37 39 24 0
CKFL 28 47 25 0
FL20 30 35 35 0
FL40 23 49 28 0
FL60 25 52 23 0
M CKFD 43 26 14 17
FD20 44 24 11 21
FD40 46 18 9 27
FD60 45 23 10 22
CKFL 25 50 25 0
FL20 23 51 26 0
FL40 22 54 24 0
FL60 27 52 21 0
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Fig.3 The DCB-Fe and DCB-Cd mass fractions of rice at mature stage by adding different amounts of crayfish shell powder under two

kinds of water management
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