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Xt A — A R G AR 0, HE N
Xof i — 3 A B 55 KR AR B A T A L
B I 2 1A BN X R — i A A I 5T
PR, R A o - S P A A ol 3 AR
RHET BRAE Y, A &7 H R — g A 45
2P R - SR ) A B T G UL KRS R B %
13 5 2 7 A — b Rt b i Al
BB Ay, KR AR B % R 1 Bl AR X e 4 IR
AP ST

TR TR N Y T . 45 AL R
[ 55 AN R IREE AR LR G VR I A5 R, R 22T
Wrigbrz —& £HEFRHCY, HIEFR R H R )
) SE A, EFR O 0 R R R A
RAE Y B A KRB A= K, AR KRR
KW 1) A9 A8 Ak o6 2R B g A = i ] RS
XieSF PO 3 b 5 K A SRR FRS — fo A R
R - A A Ty R B, R — i A A T LA
BARALIE BN T R R m i £3AC Ty . 558
{17 FE R — 0 e A A — R FHAIR % o A 1 7 =X,
K RERRATEE 40 cmx36 cm!™, 7EARBFIFEH, @
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BERIK AR B, WA T AFRITEE T A H
TSR R AL, DI G T H
Fei— 1 LA 2R 5 TP B 3 K R 2 B ) 35 B 41 3
Bl Bl

1 MRS ITE

1.1 fRXEER

HF 5 S oA WA 75 B4 (28°10'N,
120°31'E), ZHMAL#TITA AR, BILHF T
i, R TR o B KSR X, AR AR
18.3 °C, 4FHHIREIH 1 712~1 825 h, 4E¥FEIK
5 1400~2 100 mm, 5 H & FULBER Y H, B
EIEEA20 cmP, REH RO, &
FL1.12 g/em®, pHH}5.76, A ML }54.17 g/kg,
R N2.46 ghkg, A BE23.60 mg/kg, FHEH K
160.85 mg/kg, +IEALIE

1.2 ARF&E

A A Bk FBEML R B, ¥ R Ag—fa 3t
PEREE . KR ARAH R B OO, 1% B 3K A
WA A, BI3AORBEMRATEE . 20 cmx30 cm
(L FfRIFR“E 3 BE”) . 30 emx30 em(LL F fRifk«rh
2B ) F140 cmx30 em(LA R i FRR & ), BRiE
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FEH

Fofr % B e FH 240 R FH S A X . 45 B
KPR AE IR, TRAHE30 cm, & H K TH 50
cm, REAT &K B PR 45 B 2 a) i) 8 3R 4 38 T .
VR D7 =0 L DX T U K, R G A A
FF—10, SRAES KD KD, #kD
22 WA, Bk 3R 50 ki, 25 H HOK IR
— 3 FEW KA IR LA 15~20 em, 3R 7
VB 5,

KRB SRR W17, FF 05 R R R
W (Cyprinus carpio var. color), 1R#FHE M M,
KRB T4H30H M, SH21HEH, 9H28H I
E o KRR AL AR AT R A Bt A LR AR Sk
B, KA A KRR ORI AL . K AEAS AR A 20 d
(6 H10H) /5 #iE M H A, Hffafp ok i —
B, HME 50 gZedy, HRE R N9 000/ /hm’,
A 303 dJE P IR Skl H $emE ok [ i
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A A RN B9 0 [R) 25 38 I fRp R M

13 IEERRXESHFIIENE
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31H). @A 13H) . A& H 19H )AL
B (9OH 27 H )TE 45 A8 HORAE L4 o #e ST I
LRBEMLES A S5 4, F/NER™ AE K R AR &R A
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RA BRI LI, 55, RRLHEAES
TRt WG 100H i, 175 2
AR AE o

- HERE S E I RS R I P
A bR I AT RN . S pHA I E Ty vk S B
B LM (NY/T 1121.2-2006), 48 09I 5E 7 1
g2 R LG (LY/T 1228-1999)%, H L Y
W5 Tk B A R AR AR A — Ak (LY /T 1237-
1999)0°4 A5 R0l 1) I 7 J7 1% R ik R S AN i B —
FRAR BT 6O BE 12 (HT 704-2014)5% SR S5CA A il
FE TR GRS R A — KA R s (LY/T 1236-
199981,

1.4 HESH

KRS LHESR O (pH, 2R APL .
A R SR O AR Y 43 AT R TR €8 0CHK 3 B
1 (grey relational analysis, GRA)®", J& {4 &I 4 #r
B — MR RGN s, IR R

o E K= % 2 J»  sponsored by China Society of Fisheries


http://www.scxuebao.cn

53 SRUERS, A RN [RDRARARS T BAR— A R R 807

KHa 5 i JUAT IR |« e 8 25 B3 i 1) A 5 oK Al
RN RE SRR LA IEDY, K ORGSR
HEA R . AR AR

3 A8 X 45 B I s 208l HE ) B 5%
B, wE— AR RRORRE )M 24 A
AR R R (IR ).

JR 46 B AT AL m%&ﬁ%=§ﬂ;
) ) o 0wk R R R

X(1)7 77 X,(1)
HeFR oy fa bt A b A AL 3
AP, XS Ak B2 b R AR HE AR RO

=0k g1ty Loms 2w, Stums Sowms Spas
=123,...9,
HHEg £ RS SR

53 T AR A R) . FR  Ai(k) = X o(k)—
X (K)o Hxd 2P R (B MR IR
WIGRRAENER, S0t ™ T X (k) -

Xk AL TR X o(h) X ()] PR
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XX (k) X 1K)
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+
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A, ER) BN R X ()X Xy (k) Bk R 8, Ju A
RO<E(R)<1o phiorHE R B
HHEXBRE  HEAR.

1 n
ri= o> &(k)
k=1

L, o IWEIF AN B &, 115 #E 1T H ¢
PEHEF, B KR/ S & HERSHTFZ
Ti) P9 K €8, R JBE

Jit A B b 24 78 Excel i 8 7 808 5, IE
SPSS 21.04¢ i1 #4175 A K J7 22 (One-Way
ANOVA)FIHE 2 $ A 5 (Kruskal-Wallis), £ [
BRHILSDYE ; HI3EFR 40 & s AE KA A I 1
[ 2 5 % F 8 & ¥ & (repeated measures ANOVA)
IHT. P<0.05FK/NZEF B, P<0.01F£REFH
W ARSI LA E R E R (meant SE)R IR .
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EEpHM S E T/ ARIKREA KB
OrEEWT . oL A A )RR [ K R
% TR M M pHA 45 B WoR, A AR
+ 4 RS R Ve HLAH R pHAE AH T .+ HEpH{H B
BHARREAERB R TRE EIaE ). K
5 B K R R A5 X G e T A g AR K R A% AR K
W22 A (P>0.05); . = B KR AR S
T e A 04 pHE 43 3 8 7K e 4 1 301 Rk
B AR T4 A0 A (P<0.05), i E %
J& 2R AE X 24 I S Y L3 pHIE 25 S 0k 3 1 B 2
JKAF-(P<0.01), i 33k 274 Kk 5 25 B2 1) - S pHAA 7E
FoAh B A Y 22 5 398 8.3 (P>0.05), LAk, .
2% B2 20 e Sl RY 9 pHAE 23K 31 T e AR MEL(5.65+
0.05. 5.60+0.02), =% B 20 7E 5 15 W 38 2 e AR
(5.58+0.05), & M 3 pHAE K 78 Ak K B A I3 Y
Ab B2 ) 25 SR L3 (P>0.05), . (A 4
PEHRCTT B 1) pHAE 240 v T 1 25 2 4 o

6.0 ¢ —&— 20 cm x 30 cm
--@--30cm x 30 cm
59 | —-Hl-- 40 cm x 30 cm
58
jan
o
57 ¢
5.6
5.5
1 2 3 4
I 34
stage

B 1 EpHETTWL
LAy BEH, 203K, 3B, 4 BB, TR AR A
I E] {5 7 B R OR 25 57 1 (P<0.05), R . abetf 30 cmx30
cm, abck 20 cmx30 cm

Fig. 1 Dynamics of soil pH

1. tillering stage, 2. elongation stage, 3. booting stage, 4. mature stage,
different lower cases indicate significant differences in the line chart
(P<0.05), the same below. abc corresponds to 30 cmx30 cm, abc

corresponds to 20 cm*30 cm

ITHEAMR TR B 7K % 1 2
K, AV S & RBEGER N LTS
BT, m L R R A AR Ak B
BARME, 391 89 (43.73£10.55) . (43.33+7.64)F
(47.17£9.09) g/kg(1812) 55 HoAb W 4> %5 5 4141

http://www.scxuebao.cn


http://www.scxuebao.cn

808 KopE o R 44 45

B, I %% R 4 AR FH A A ML B e B S R 4 RS
BRI RN, MR e, = Ad, f
H A o B 410 LT & 8 7E R RDK RS A K
I 26 B0 B 3 22§ (P<0.05): KT B
ST AR, L4k S0 R B Y B 2K
BEM . TERAM, S AEEA EEA LT & R
Yy % 5 4y BEW 0 22 S (K7, KRS U A i

WA B A R A LS 2= S A B
(P>0.05),
—&— 20 cm x 30 cm
--@-- 30 cm x 30 cm
70 | — M -40cm x 30 cm

40 |

AL & #/(g/ke)
organic matter content
D
S

30

i 1A

stage

B2 ARKBEETHIRAIRSE
abeXf 30 emx30 cm
Fig. 2 Soil organic matter contents at
different planting densities

abc corresponds to 30 cmx30 cm

THEARSEHELR BAL A + B4
R B IS [ S K 3 R R R AR S T R
Horprepr | m o B A A A B B AR B A K R
WA, W R g B AR . S5 HLR
L, AP E HRAEPEEAN LEEA
B AR AT B () A7 A B 3% 25 5% (P<0.05), KT
WA & a R LT A (P<0.05), HrsE
WL ST SR A 0 4 R B B E R T AR
BIH(P<0.05), K. H. m3THEHN LIEEA
BRI EERA2.57 . 2.37F12.43 g/kghtd hn 3]
WA R 2.63. 3.03F12.83 g/kg, HldEE T
2.33%. 27.85%. 16.46%., TE/KFEKEH 045 BT 1
B, AR EE T EESA S Y LR E
#5(P>0.05)(JK13),

EX: ¥ & LR + 3 RO
IRV RN A oy B — P R e b, A
PTG T ARG . 34 %% B AL PR AL 1Y) A 2L
W & B 7E A W) K e 2R 7 I 3 1) 1 22 S5 44 R 54 5]
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40 —&— 20 cm x 30 cm
--@®--30cm x30cm
@ «g 35 — M- 40 cm x 30 cm
22
W S 3.0 |
41 Z
%gzs
=
H 220
1.5
1 2 3 4
I 3
stage

B3 ARKBEETHIREZASE
abeXf J¥30 cmx30 cm
Fig. 3 Soil total N contents at different
planting densities

abc corresponds to 30 cmx30 cm

B FE MK -(P>0.05),  HLIA]— i 314 [a) % )32 24 [)
A2 SR B (P>0.05), 5 HiES
A, AULRERBML, AFREERN LS
RO o R IR T, B AR TR B /N (181 4).

40 ¢

—&— 20 cm x 30 cm
--@--30cm x 30 cm
-l - 40 cm x 30 cm

W
W

[9%]
(e}

[\
(=]

soil effective P content
[V}
wn

3 AU B/ (mg/kg)
o

—_
(=]

B 1A

stage

4 ARKBEETHLRAYUMSE
Fig. 4 Soil effective P contents at

different planting densities

TR AL BTN RAHAR L
8 AKCER B B [) AR AbEs Bm EE AR AL, B3R
B 56 9 (43 BE ] — b B ) S5 T (i 0 — i 2
), H A& A 5K E S 1 807 KRS i B
.m0 O
SR ES A EEMN63.87% . 60.33% .
65.03%, ZEHIFIANT, 297 37%0Y 38 2505 K R
HRZR T o A B KA R A B, & A BRAH 1Y
- AR B 5 o BE I G B 3 22 S (P>0.05)
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(F15) o A% P 21 A - S S A 2 o 7 il B A0
B E LT HAL AN (P<0.05),  H 5 A i
I 25 7 (P<0.01);  H BE 20 AE 3T Rl A 2 e
WA 22 AN 35 (P>0.05), {H2) 1 2541 T 70 BE )
(P<0.05); % BEA M) 22 57 0 5 PE AU R BT 43 BE
R AR I R 0 S B E T
BEMI(P<0.05), 43 BEM] . Fili s 400 R i A0 119 4% 2%
Vi 201 ) OO B i 25 R B 3 (P>0.05), kT
SO B AT % 32 4 2 v T v B E 4H(P<0.05)

180
—&— 20 cm x 30 cm
170 + , --@--30cm x 30 cm
“R2 -m-40cmx30cm
?DE 160 t \
23
g § 150 ¢
= O
I8 M 140 L
41 9
F 3130 |
;k;g s 120
4% 110 |
100 t
90
1 2 3 4
it
stage

5 ARIKBEEETHIERYHESE
abeX] M40 cmx30 cm. abeX v30 cmx30 cm. abeX V20 cmx30 cm

Fig. 5 Soil available K contents at
different planting densities

abc corresponds to 40 cmx30 c¢m, abe corresponds to 30 cmx30 cm, abc

corresponds to 20 cmx30 cm
22 KEFESELTEFINXER

AL AR B A G RE , RB T KR
LKRE & B i B b SR A 2R E D
R SR O R KR P Y R A D G
RNk RR , R R 2 BZ I 7 XK
FE= B OTER K s [RRZ BTk /b . KRS i R4S 1
HEF7 00 TR 7 354 R TR R 3 ) S B o K (5 DG Bk
JE BN 0.461~0.824, 5 H 1SR T 5K R ™
T OC I B P 5 3] 55 HEF AR I pH(0.824)> 1 3 A
(0.787)>4 W (0.502)>4 HL i (0.469)>4 A
(0.461)(F 1), Horp 5K FE 7™ 8 5B B 5 K9 )2
pH, XKECE /MR +HEpHAE R &
S KR P I SR A R, R A R
W RN HLTT A A IO K R 7 Y R
M 45 /1N o
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*1 REKEHME

Tab.1 Correlation matrix

+ 335 soil nutrient

M ARmE AU 2R
EK EP SOM 1N

RIRAEFE

correlation matrix

pH

KRR

Lo 0.824 0.787  0.502 0.469 0.461
rice yield

23 TEFTEEFRIFM

G CEARL E R A S ) AT
FE T 4/ 7K s 3 T SR 4 1 S L Y pHAE R 3
LgPIGR2), TS IR A R0 R
PRUECTINE IR HEAT A (K3, FKd). B
WoR, HUOH - 8EpHE #5.50~6.13, ¥R
PE; 2SR N1.10~3.70 ghkg, HrPikF2%(E
BLL E(>2.0 ghkg)WIFEA (586.67%; A HLET & &t
$922.8~72.4 g/kg, HHiRFER29 (FEE)L (30
gk FEA (584.44%; A3 R & i 4 12.21~41.55
mg/kg, H K29 (F &)L (>20 mg/kg) i+
A5 57.78%; AR B4 93.16~189.35 mg/kg,
Horp ik 324% (3 5L E(>150 mg/kg) I REA AL 5
31.11%, HixSei R & 35 0 L 55 R4E 5K
T4 BE SR G, A F 3 (R i 2 )Y - HEAE
i 1111%, 256500, A XSRS 4 e by
AR AVEMARB S RF S, B SE
FHXTERZ .

®2 TRpHEFRXIDITE
Tab.2 Classification standard of soil pH

PN

IR oH

grade
FEERME  strong acidity <45
@t acidity 4.5~5.5
99MR M weak acidity 5.5~6.5
% neutrality 6.5~7.5
Tkt  alkalinity 7.5~8.5
B strong alkalinity >8.5

3 v

TER— IR R, 289 3h S HE
A LA g e T BRI R L AE L A ROCR ™ el
e MR — M3 A Rgh, MR RE R H
FHR AR A KA 8 B2, X A S ) ) BE AT M T
FRAA M ARG g APEEMTE T e, b K35
AN TR K e 5 HE T A 3 77 00 5 B A AR AL L
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810 Koo 44 &
x3 TEFDTRITFNIRAE
Tab.3 Soil nutrient standard
Z FHFERE L% N(g/kg) HHUT/(g/kg) AR/ (mg/kg) TR/ (mg/kg)
level degree N SOM EP EK

1 " extremely abundant >2.0 >40 >40 >200

2 F% abundant 1.5~2.0 30~40 20~40 150~200

3 F1%  medium 1.0~1.5 20~30 10~20 100~150

4 HkZ  relatively deficient 0.5~1.0 10~20 5~10 50~100

5 = deficient 0.25~0.5 6~10 3~5 30~50

6 W= extremely deficient <0.25 <6 <3 <30

4 BEXYGEHTIEFSTEER
Tab. 4 Distribution of soil nutrient in experimental area
BEA 3 ELtFl/% - distribution ratio
L Gl ERREYG | TEEEE) T o TRERE) o T R
ol nuent onent < mean=SE (e)lcet:':}rlily level 2 level 3 (r::glvzly level 5 (e)l;et::rlnily
abundant) (abundant)  (medium) deficient) (deficient) deficient)

LR Ngke) TN 1.10~3.70 30.36 247+0.75  68.89 17.78 13.33 0 0 0
HHLTi/(g/kg) SOM  22.8~72.4 28.42 5.02£1.43 7111 13.33 15.56 0 0 0
B (mg/kg) EP 12.21~41.55 27.67 23.1246.40 222 55.56 42.22 0 0 0
WA/ (mg/kg) EK 93.16~189.35 19.27  132.31£25.50 0 31.11 57.78 11.11 0 0

WFoE B, 157 HAZ SR — L A T
JK R A A 2 8 o A T S SR 0 e B S e f
F, HAEARFM IR R b LRI 00 & R
H B A

P pHE AN LA R R AR AR —,
FORNAALR Wi e {2 ) BRI A ) 2 o
P, a2 52 W A W 1 3 A e A
pHXS - HEAE 1 645 Wi 32 AR BUAE XS B IR DR Y
FAERSFA BT ™, LA LR A
KA EEE IR, ZPHERE RNy b
AV MR R B A N R, R PR A
J AR AR Ry RO R A A A 2 A R I
BRI R ARRA A K RIE RS 4 e A
ARy 21 MRS R R AR
FLAEIL Ty B AR bR, SRV ERKRE
b), RSB T R A TSGR N R AR
W 2 Z A N L RO B, A —
e B AT DU 4 B e - S8 2R B R IV K1
R A A R A i A R N RE T Y B
PR AT A 5 19 4% b TR I R AE AN R K AR
WL IR, UA B AR K
RERT Iy R R 2 R B I 3 25 e (1K1 5) 5
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I115 45 37 53 5 A8 K R 7 IR 8] 4 72 A R X A
K, RWATEAR DR A, HECT KR AR S %
JE, 7RORE A RO e T AR T B8 R SR A
IR, IR A R A B R
T B, RTRE S PR O AR K R R
R AR K, HBHE AR KR B4 B T AT
Wz FRorsag s, T AR A
F&o LHEFR > S pHIEAE 8] 1 i 25 £ 34
BRI el m T, SRR SR 1
AN TR K R i S A F S 45 2R — B A T 5RO
A e AR (4 BT o BE S — I AR, 45 Ab
P IR I3 0 A A 70 BE AN B R R A
Pe2e s, SR AR A O] B (B0 1
REW A EAE T2 BEW & A B ko, R W
A 7 i 25 5 B R OF R 3 R AR 1 e
J1, X5 XiefFP T TS R, ARG K AE SR
SrWCRE AN B IERR OGRS, KRR AR T
G, BIRWEEH R, WAL R WA, F)
TR RT IS fRe s BRI 2 )5 B K AR R
JIRSGR % SR Ay 04 W CZ s b, T T
AWIER . MR, B MR R 2
AW A Z A B BISESRSy, Ik
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HAE ARG R BTSSR B B h 4, 16 R R
B, MU H SRR R et IR
. BREERYEMBRAR RS, £HER
Gy ST R Y, SRAE A0 TG ShE — e R E b
AL B 18 << AN i) W it A5 SR B2V ) T A R b
HERE F7 (AR AR, e, AMTHRIER R, FEkR
BN AR ESLE, HEAA AR RGN
ARRARARK R, XM —A-0 BT
FEXTAE L T A FEAE R . 4K, HHE—MA
A R G0t 4 AR Ty B U5 ) G 1 A ) G
8. BRAL, JKRERR R A5 1R T I £ A HLS A
SR e K R B9 AR K AR R A/, S A AR L
FHAE IR E, H A 4 & BN
WBLTESR I, R AR Y SR I S B
T, FE A e S, AR K R AR R A
4 R TH R O TR B B phAE T, HEHLEE LA
FRIR S IR o
PR . BERANLEEKFEEREE
() F BB FRY RS KRR S R R
RN R R AR AL AR SR
(1 v I X K R = R B AN K, KR R i s
pHATH A B it 52 AR (e 1), AR H 355
Oy R AE R (R4), WURE L B S IRE
E A XU R AR A LT A RO
st aFEE, BEITEMIER P2 EARER
435 1 68.89% . 84.44%F162.22%; H A HR A
SFAWAR , SAF24¢ DL F(>150 mg/kg) AEAAL 5
31.11%, Hak 34 & GO M REA IS K 3 K F6 4) BE
SOURN B, 2 WA KR AR K B B 31T 30 RN
AR, B RN — AR o IR AT R
e RPN AR SR T BN R
FE, MWW KR AR, msE s S
AT, R A T KRR R
O BRI B, L 55 AR M G AR
P, EMAR TR B+ pHm
P A R TR SR A DY, e A
DX 3 B 30T 19 R FH AR SE B AR 7 rp n] Ol Y it
Heek R SR A SR W AR, e - R
FREE, TR IE 2 10 IO R 4 R =

S
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Investigation of soil fertility of Qingtian rice-fish coculture system
under different rice cultivation densities

GUO Haisong '**, LUO Heng *’, LIFeng >, QI Ming "**,
HU Zhongjun ">,  LIU Qigen "***
(1. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs,
Shanghai Ocean University, Shanghai 201306, China;
3. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University, Shanghai 201306, China)

Abstract: As the first pilot site of the Globally Important Agricultural Heritage System (GIAHS), Qingtian rice-
fish co-culture system has attracted more and more attention due to its unique advantages. In order to better
conserve the first GIAHS project in Asia, we investigated the effects of different rice planting densities on soil
fertility of Qingtian rice-fish co-culture systems. The results showed that the pH value of the tested paddy soil
varied between 5.50-6.13, which was weakly acidic. The contents of soil nutrients (such as the soil total nitrogen,
soil organic matter, available phosphorus and available potassium) first decreased and reached the lowest values at
the booting stage, then recovered to the similar higher levels with the initial before rice harvesting, indicating that
the activity of the field fish and perhaps fish feces could help maintain the soil fertility. According to the results of
Grey relational analysis (GRA) between rice yield and soil nutrient, it was found that soil pH and available
potassium were most closely related to rice yield. Compared with the rich nitrogen, available phosphorus and soil
organic matter, the less suficiently available potassium and low pH value might be responsible for the limited
growth and yield of rice. Rice planting densities were not found to significantly affect soil fertility in Qingtian rice-
fish co-culture system in this growing season.

Key words: soil; nutrient; rice density; Qingtian rice-fish coculture system; GIAHS
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