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BE: AR T S ANBELERIREETEZCEN T Y, HBLITRITEE
M mE (B TRC k. H @ L PRC kox) fokfg#EEE (U RM*Rp, 18t H)
FEFE L E (0~10 cm. 10~20 cm F120~30 cm) & £ B h 35 fi 4 B L £ & BEHAT
Tathe ERER, £+ ERA ERBMEH S EHEKRINE PRC>RM>TRC 1 # #,
HAF (20~30cm + EFR4) - AASEXRIAE RM>PRC>TRCH # %, BAA 4 &
%3 TRC>PRC>RM Hy# %, %4 4+ 2 Cu. As. Mg 2 Mn 483 %3 TRC >PRC >
RM#y# %, i1 Cd. Pb. FefuCar EM T BEE 52 MHK; Kk 0~10cm + &4, Cr.
Zn 7o Ni 4 & 7% TRC. PRCFERM Z [ ¥ £ & #F £ 7. R «GB 15618—2018» #H #75
L@ fFEE, &+ FEM Cre Cd Pb. Zn. Niv As & EH k#MAr, W Cud &FkHAMT,
AT BT E N 14%~46%. FtR KW, BTG AM AT oIt H T L E P AR
B, BB IEAHNESE, WT MR LEF Cu As. Mg, Mn 8y 1 £ % Cd. Pb.
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anguillicaudatus) %2 AN E = . 77k SR 4F 1Y
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W5, W 5Esh Wy e s ad B b Rk o A
B2 UL R, I e K AR S A W e R 1Y
L A9 DU A AR 00 a5 i e 45 0 i e [ D % AR
( Fenneropenaeus chinensis ) AR . BRI
S350 o A A 1 19.4%~64.6% F1 21.7%~95.9%
15 1 R A5 % LR IR 255 A 7 R B T 1
1T L 43 R 3 50% i 40%. IEAEOR,
W 2E E X RUR LA R I R IE S PR T —
BeRE Y, Z BT R IR AR 45 G P IR 4 W 4R
A A LT . EVE . R BRI A
U (H A o AR R R AR 55 R R R
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454 KopE o R 45 %

FERIN i T = (19N s = = N
P, B E " & PR R 2R A Fh FE T 25~50 em
+ 2 B9 HLAR S A S B TR T 41.8% Al
34.8%. WAL, FAUFLEG R FE H A A F H T 7R
ghFE | Fh IR BERD K AR B TEOIR S5 O T 3 A AR
— 25 ko] (B B0 YA RN H T 4 Y B
fEPEfrfE 22 5%, HEEA HXRE. &8
LR, LHEESE TR S &, S mAEIFEL
A Bl FE H K= S RRE K & % 4, (ARG IR S
AR RIS TR TR S RZ e H R W RGE

AR ST DK R BAE T O X IR, X EEEFSE T
JKAE A . A ARZR A % A e 5 T A
M L2 EZE R A e R TR S RN ER,
[F) Bf AR A € - SRR B o i AR FH b 4 3 e XU
bk GR47)) (GB 15618—2018) HHy 4R
+ e 75 Y XU Gt e (" X} Cr. Cd. Pb, Zn. Ni,
As Fil Cu & 5 (RN SLEAT TR, DABIR RS
WR 255 Fh 3% A 398 5 B R o 1R R BSOS A8 K 1Y
B % TP PR ARl 2R
1 MRS
1.1 RXER

TR VT2 T R < MR o 1 1 2 1 << e /)
iz 27, WL HIAL VT DOF R, 8 I BT
ZE PRI A, AR 16.1 °C, JCFEDI 246 d,
AEIRENE 1100 mm, 3R Y & F
B KRR L, R R A R RS -4 ARSE
B e BRI S5 A B IX Sk R &5 (B 112°29'~
E 113°01’, N 30°04'~N 30°39") M#F5E XM, %
Y 09843 A8 H T 2012 4R JF 4R LA TR R 255 3 Fh 3%
HAhAF HH AT KRG A

1.2 HEHEEXERMNE

HRRE  TERIPZESFSR X SAHSE 500 m
DL PN B 7K R R X 45 1R B 3 B RH 4P 1 A FE BRUEE o
KFFRAEH R RS, #afmEam, Y4811 H
BWAE S HWIABE; REERLE A Fh % H 7R KRS IR BE
BVE KW, R ffe |, bR AR X i e 21T
TR, FRIE PR AL A TRRE 750 kg/hm® K /b /)N
. Rk, TR R R AR IR R B T A P A 4—
6 H, JHHEIF ., 2MAEHEYEe A LAdpr,
KA LA R EE AR S (B RS 2005010), BRAT 15 d
Wi FH 42 45 BB (N-P,05-K,0:  17-17-17) 600 kg/hm?,
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FBE 10 d Z2 4 FH R £ 150 kg/hm* (G Rg IR 25
AR R it P A e TR AR AR, 10 dicEltY,

HUREFIE] R 2016 4F 11 A, S8 Si M iy +
JERE T, %S B AT AL, AR A
B K R /R B (RM) L R IR 25 o Y 1
(PRC) Fliffii% (TRC) 0~10 cm, 10~20cm. 20~30cm
A B R — )2 5 A S EFRIR G 1A
A, REREPIR R . A HE A B 4% A b
SR, K RS I O 0 R AT

T8 AR 430 FH A R A 45 e vk A
TR L B R SN IR B -EE B BT EL e vk I A HL TR
(SOM). MR (AP), Ui g 9 vk 2 A&
(TN). &8 (TP). Z A (NH; -N) FIfif & A (NOj -
N)o AW IR T A - P SRR 5 55 8 IR JB 3% 12 0
Cr. Cu, Cd, Pb, Zn, Ni, As, Fe, Mg, Ca i
Mn B9 &

1.3 BUEAIE

H ¥ 4b B2 A S8 143 BT #E Excel 2010 Fi1 SPSS
18.0 "FibAT . Jek B M IEAM:, A ESHE
) % 4 F§ One-Way ANOVA K %, #F One-Way
ANOVA 8 7 2257, W LSD FIWi &t i1+
T, X TARRFAIE AU 22 55 M B
FH Kruskal-Wallis #1734 S 80K 5, H AT A 53
25 5 45 S 51T Mann-Whitney #5355 .

2 4R

2.1 TIEBREA

3412, PRC BLEA & EHE R, TRC
EA TR ERM. 7E 0~10 cm F1 10~20 cm
12 PRC. TRC I RM Z [AL B A & m il & % 5%
(P>0.05), fH7E 20~30 cm 1+ )2 =& Z A fE1E
FEXER (P<0.05. M#HLJZME, RMH TRC
PR R S I T RS, {H PRC 7E 20~30 cm
T2 HERIZL B (8 1-a). & L2 NH]-N %
H Y PE RM f & . TRC %1% (P < 0.05); [ +
JEMEE, NHy & &5 & 1-b), NOj-N
A5 J A MR, 18 0~10 cm + 2 PRC
I TRC FUNO; -N &t i3 = T RM [ (P < 0.05),
1M PRCHI TRC TLi #2525 (P>0.05); 7£10~20cm,
20~30 cm +J2 TRC FUNO;3 -N &84 8 # & T RM
F1 PRC 1 (P <0.01)(/& 1-¢).
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JB& TCER 5 T 1 5 455

0~10 cm 1 JZ PRC, TRC Fll RM f%) & i & i 6 i
FH#E5 (P>0.05), £ 10~20 cm 12 TRC 1Y B
TR EECT PRC fIRM 1 (P<0.01), 7£20~30cm

+ 2 PRC. TRC Fl RM 2 [i] ﬁﬁké‘?éffﬁ%%é
5 (P <000 1-d), B wES Ak L
7.37~8.91 mg/kg, I Bﬁi}zﬁﬂ{”ﬁﬁﬁﬁ%ﬁ )
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Fig. 1 Soil fertility in paddy (PRC) and trench (TRC) of
integrated rice-crayfish, and rice monoculture field (RM)

1. 0~10 cm, 2. 10~20 cm, 3. 20~30 cm
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BFHEER (P>0.05),

AP 220 B 18.62~28.06 g/kg.
£ 0~10 cm 12 RM AP & i 0 E 5T TRC 1)
(P<0.01), {H5 PRC Z[HJC i % 22 5% (P> 0.05);
£ 10~20 cm, 20~30 cm + JZ PRC, TRC il RM
ZANE S EY R EZES (P> 0.05) (& 1-0.

22 HIEERERTESE

3442, RM B Cu. As. Mg, Mn SH#)
K. 7E 0~10 cm 1 JZ PRC Ml TRC {9 Cu & i
BEBHTRMB (P<0.01), 7E 10~20 cm )2 TRC
() Cu & B FET RM 1 PRC 11 (P<0.05)([% 2-a).
7E 0~10 cm + /2 TRC Y As & & W 2 5 T RM FiI
PRC ) (P <0.01)(¥] 2-b), 7£ 3 4~+JZ PRC, TRC
FIRM Z[H] Mg F1 Mn & =¥ E 245 (P<0.05)
(K 2-c, d)s

34+ )29, Cd. Pb, Fe. Caf&wiasfk
PR — 5, 7 0~10 cm Fl 20~30 cm + 2
TRC 9 Cd 7 i i T RM Ml PRC ) (P<0.01),
TE 10~20 cm 1 )2 TRCHY Cd & & B E (KT RM (1)
(P < 0.05)(I&] 2-¢), E 0~10 cm Fl 10~20 cm + )2
TRC f# Pb % & i Z (X T RM 19 (P < 0.05)(/&] 2-).
7£ 0~10 cm + 2 TRC Hl PRC 4 Fe &% 7 B E K T
RM (1) (P<0.01), 7F10~20cm. 20~30cm 1JZPRC,
TRC Fl RMXZ [H] Fe & HEIFTE 3 25 5 (P < 0.05)
(Kl 2-G), £ 34+ J2 PRC. TRC Hl RM Z|i] Ca
TR ERE 2R (P<0.05)(& 2-h).

Cr. Zn FINi &% H#7E 0~10 cm +)Z PRC. TRC
HIRM Z A A AE i 2 25 5% (P < 0.05), {H3 41
2, 10~20 cm Fl 20~30 ecm + 2 2 [H) 4G B E
Z5(P>0.05)(F 2-i. K 2-j. K 2-k),

MR e PRE T & A b 4 1875 L XU
BEhniE G47)) (GB 15618—2018) H A4
TS L AU T, AR SCEE XA Cr. Cd,
Pb. Zn. Ni fl As SRR, 1M CulBiniH
Wik, FiEZARE T Cu 1B S (. 100 mg/kg K
T, Cu & EREIRRILE Y 14%~46%.

3 TR
3.1 FEANEA IR TIEAR NS

X FOKAEAERGH , RAURLEA Fh IR H
M 30 TN, TP, NO; -N & AP #5281
Thm s, X R g RS HAL X R iR 25 5 ARt
MG EFMFE MRS R -8, XFEY
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it AR . B FNRE A A O, REURZEA R R
F2 T AE I AE K RE ORI 2 AE I A ]
S GHR 43 o 4 R A0 BERE | R A T G iR B R
HEM P b ) B DR T R . RRURZE & Fh IR
WS 7K T R R A R R LA T, SR K
WE T, 3075 W U505 A2 10 e T AR 3B ) 7K
PN+ R AU . 5 AR A AL AR [ ) 2
A 5T R AR 25 5 Fh 3R D SOM 7 2= A I T 7K
BRI R S, 3K TR K B b FG R S I k)
M A . SAKBHRAEM L, RBIFGE A
Tl 5 ) J 7K R KO AR T i, X S R B
PR Z WAV R . REK A,
WA Zh Y . NS | IRJZAZEXT SOM FEE Y
FEAR T 8 iz B B0, (R — SE B 58 A
WA PR RT3 SOM & 2, ARWF 5
MZERE LB > 25 BoR, RBiasEa R
Fi o [ A 7K 7 20 ) 3% 58 6 SOM. 1) 5% il 1] BE A7
S,

X FOKAEAERGH , REERLE A Fh IR R H
oV HER TN, TP, AP & & MUK [ 2K #
P, X EE G XA G IRA X TR R+
Herp g IR L B R BR i H B AR X A AR 25
A PR I AT — UOE Y, BN E ES
o th KR ERY I, Kk, wCJRE IR 3
FEAIE AR T, o EC R A R ek A 4 4 Bl A
HET R KRB, HeAh, DUKARY =R
FEAEMRVE Y, 23 A A 3 s R 8 TR i
SER R, WA e I DA X U 2% R AR 25 R
FRREH E S Y LR —E R

32 WIMREMANLTREEERTEIENEMN

BAEL, NFERTERTEEIMAREZ
[ Y FEFE—E W25, Hrf Cu. As. Mg #l Mn
SREYFEME TRC > PRC >RM Hy#4#, Cd. Pb,
Fe fl Ca & it B fL B # M 5 Z A, Cr. Zn
AN 5 BEAUAE 0~10 cm + 2 R I H T A [H R 5E
ZHMWEEXES ., LT EBETERNERBAE
JBE i AR D R R o AR S 2 A HAE [
— Xk, AJRMEAFE, KFEAAR, PR
TCE M AZERAET . OREFLEA P IR 1 K&K
LK, KA TIEN SR ITRE S
i TOKRE AR I, @FS A 25 . JERL Ao kL
hEH —ERNESmTRS™, filan, e
AW EESRE RN FEEICE AR Cd. Hg.
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Fig. 2 Contents of 11 metal elements in soil in paddy (PRC) and trench (TRC) of

integrated rice-crayfish, and rice monoculture field (RM)

1.0~10 cm, 2. 10~20 cm, 3. 20~30 cm

As. Pb Fil Cr", A5 AP SR 4R 0 )14 8 Y
R AR [ B ARH T Cr B Pb 4B BR 4 h 3 38
TR R IR LR 5 A I R Geh Cd 1y F 2ok
U5 R W NE ALK o AR T KR SRR, RN LR A
Fofr %4 FH 00 o 28 AL B 2 (R D), (B4 —
et AR, DR AR R R T R 2 3 BURE IR 2R
PR H LW & BT RS & & TKFR
fEH ., IEAk, FEIRZR SRR ] KMnSO,. CuSO,
LWHFRAKEEY, LAREE RIS
PR M 13 Cu. As, Mg Fl Mn & &5 T /KR
FOVERE H IR R . 2 MR L3 &R
TTEREHNER FEE T O REEIFSE
WL BT R ORIFZE A Fh IR K B
Z . KEXK, kN EHEEWHEETRS &
i OFFEREZEA A S5 b RO A DUK AE 4 23 A
P — &Rt R, XM P RFE 4R T
FAE 3 MBI AR EAOR T, X AT RE S R
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TCR A PR S KRR B
EMFAT R ET R ZETERL, MFEHTHE—
B

ARSI 2 FPAEH 1 Cu R T
SRR T A FH 395 e XU A5 A Gk
7)) (GB 15618—2018) 1 [ 4¢ FH $th 4 3 75 4L Jx
W A, MM SEREM . R TR RER
TIEM Cu & mABAATE AR, X R X I
T Cu A R(ER T HRERZE G Fh R ]
e B FEEh coEE, Hik, FEHELZEEF
I TP A T SR IR it 4 T 2 DX B - 3 v Cu 1Y
A, > CuSO, A5 2 i i ) A A ik Ab
T Cu & i M bR R A 23 51 R b [C )5 28 IR R oK
Cu & pr, WRFHEIE—LHI.
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Effects of integrated rice-crayfish co-culture on soil
fertility and metal element content

YU Jixin *,  LIWei®, LIU Jiashou”, XIONG Fei’, YUAN Jing’, ZHANG Tanglin """
(1. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology,
Chinese Academy of Sciences, Wuhan 430072, China,
2. School of Life Sciences, Jianghan University, Wuhan 430056, China;
3. Hubei Provincial Research Center for Integrated Rice Field Aquaculture Engineering, Wuhan 430072, China)

Abstract: The integrated rice-field aquaculture (IRFA) has been practiced successfully for 2000 years in China.
The integrated rice-crayfish (Procambarus clarkii) co-culture (IRCC) has contributed more than 50% of the
yield of IRFC, currently. Thus it is necessary to conduct researches on the IRCC, including its’ environ-
mental impacts. As commercial feed feeding is very popular in IRCC practice, one of the potential envir-
onmental problems is the effects of feeding on the water and soil quality. Some previous studies have
indicated that most nitrogen and phosphorus in the feed deposit in soil of crustacean aquaculture sys-
tem. While it is not clear whether IRCC can increase nitrogen and phosphorus in soil, even some
researches have been done. And it’s also not clear the effects of IRCC on the metal element contents in
soil. The purpose of this study was to evaluate the impacts of IRCC in soil fertility (nitrogen, phos-
phorus and organic matter contents), and metal element contents on soil. Six physicochemical indicat-
ors and 11 metal elements contents of three layers of soil (0-10 cm, 10-20 cm and 20-30 cm) of the
trench (TRC) and paddy (PRC) of IRCC, and rice monoculture fields (RM, as control) in Qianjiang
City, Hubei Province, China, were measured, and the culture ages of the two modes were both 5 years.
Contents of soil organic matter (SOM) and available phosphorus (AP) were measured by potassium
dichromate heating oxidation-volumetrics, and NaHCOj; extraction, ammonium molybdate-tartaric emetic-
ascrbic acid colorimetry method, respectively. Contents of total nitrogen (TN), ammonia nitrogen (NH -N), nitrate
(NO5 -N) and total phosphorus (TP) were measured by flow injection analysis, and contents of Cr, Cu,
Cd, Pb, Zn, Ni, As, Fe, Mg, Ca and Mn were measured by microwave digestion-inductively coupled
plasma-mass spectrometry. The contents of Cr, Cd, Pb, Zn, Ni, As and Cu were then evaluated accord-
ing to the risk screening values for soil contamination of agricultural land in <GB15618—2018>. The
results showed that the TN, AP and TP content of all layers exhibited a trend of PRC > RM > TRC, while SOM
(excepting 20-30 cm layer) and NH,-N of RM > PRC > TRC and NOj -N of TRC > PRC > RM. The content
of Cu, As, Mg and Mn of all soil layers showed a trend of TRC > PRC > RM, while Cd, Pb, Fe and Ca on
the contrary, and less significant differences were noted among TRC, PRC and RM for Cr, Zn or Ni,
excepting for 0-10 cm longer. According to the risk screening values for soil contamination of agricul-
tural land in <GB15618—2018>, Cr, Cd, Pb, Zn, Ni and As contents were up to standard, while Cu con-
tent was generally out of the limits, with over-limit ratios of 14%-46%. The results indicate that integ-
rated rice-crayfish co-culture could increase nitrogen and phosphorus contents in the paddy soil, while
decrease those in the trench soil, and SOM content.

Key words: Procambarus clarkii; integrated rice-field aquaculture; soil; fertility; metal element
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