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MARG A, EHTHFEE- AL E RGN
KA 25 B B G T Bl 24 s ik 7 S it FeAT)
AR 3o AR B R A T B R A T K e B, ST AN [
PRATIE T KR AR RN A Y A2 4k, D % 1 4%
FREE®E T H H W A ( Cyprinus carpio var. color)
FRAETE FA AR O, A O AE G - f A A
F 58 SR K R T R PR R — i B

U RPRS ik

1.1 S XHER

ST WL H H B (28°01'N, 120°
3U'E) 47, WAL Wi VLA AR R, BV R g, &
TR R KR X, AP SR 18,3 °C
EHHEE 1 712 ~1 825 h, [F/K & 1 400 ~2 100
mm, fFH g Tt R R Y |, B2 R E 2 20
em!"
1.2 SEIHgit

SR FHBE AL H e i, 5 H A 57 A 5 =X
By hy -t AR R KRR A X o AL OB, 1
B3 AKRE R BE AL PR, R 3 o B kAT . 20
cm x30 em( AR &2 ) 30 em x 30 cm
(PAFfRIAR 2 BE” ) F140 em x 30 em ( PAF i
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FUCE 3 AEE 9 B

PR FE A FH 2R FH S Al RS 45 F e
K Je fite 151 8, TR AL T 30 em, 5 i 7K T 50
em, BEA RUBH IR P [H] 1 3855 50 38 T .
75 2 h L DA FH 0 /K I , 5 36 FE X 4%
IF—H, 73 3 AR #E 7K B A K B 2 ok B
BR2Z AT, By 1k H AR bt , S F HOR IR — 3.
HEBE K ALIR ZARFFLE 15 ~20 em, SCHH IR By

JKFEERACE AL 177, FR5E s A 7
£, ( Cyprinus carpio var. color) , KFFT 4 H 30 H
#Ah,5 A 21 HEEHL,10 7 15 Bk, KRR
HF S 56 F it FH A HLIE (FE2) /R0 B0, it
54 600 kg/hm* KA A A A Rt B R 7K
TSR AR H 20 d(6 J 10 H) J5 450 M H £, H
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1.3 #ERRESNHE
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HA B8 gt WK BEsh . KREAEY
ST A I SR K R RS T
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ARy WAFIE 2N, Oy 14 H 80 N, ik
Jil FH A7 K
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1K AL ER M FARBE TR AR ) (7 B Al I R
(TRLH AT ROBE R R R B SR BRI RR A=
L pg IFEYNT G OP TN g P IV i
#ri%: (grey relational analysis, GRA) . JK 8 CH )
M e —Fh BT XS 5 R G0 20 M 7 v, AR 45 A
FEARIN U AR | A J 285 3 e il 119 1 2 R Ay
BNERCHARE" . Zhkm R RS T
1982 AEFR Y, 02 K (0 2 G LR 1Y J 22 20 L 4 o
BRI BT
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(3) oL xs 21

O3 KA i 5 K R ZE AT A R
A T A 2200 Ai (k) ,Ai(k) = 1Xy, -
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HEALH
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A on g B S B i, TS R TR S
HEFE , B R K AR 7 B 5 2% K R 25 R A LI 1 L &%
7 i R PR 22 T R IR A8, IR

JKAEAE S E G I TE Excel Hhdt s7 B4 42, I
F SPSS 21. 0 G¢ i+ 4 k47 B0 F &R O 22 70 M
(One-way ANOVA) Fl 3F 2 3 /& % ( Kruskal-
Wallis) , ZH LR LSD i, P <0.05 £/RE
S, P <0.01 8 2 il o 2% . AR R
FRIE + ARifELR (Mean + SE ) KR,
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2.1 AEKBHREZE
M

“EAL 17 )R T AR R, Ak I — i 153
d 724 LB KA AE KA BN R 48 R A
(4 H30 H),Ba#(5 H21 H),BHEM(GS H 25
H) 2 BE(5 A 31 H) ,#%1(7 A 13 H) 40
I8 H 19 H) , B3I (9 H 27 H) ik (10
HA15H),

F T 1 AT, 3 ok 5 B T A KRR 43 BE AR
Bl 7K AR 1 A K 2 S PR K S B2 R AR R
MoKFER MG ] 6 A 28 H (4rBEW]) 3 NabHig]
(47K R 43 BERIE AL R AR B, B PRt s, e
IKFESYBERO AR B > h i > mw g, 25
BB A R 19 A A W 78 K, (FL A B 1] 25 57 o 3K 3
BEMWAKFE(P>0.05), #£7 H 19 HAL, £4
PRZH Bk R B /o BERCIA TR B AEL, IR 3 T 2
JE R AT BERU I 12,33 .10..65 8. 28, fIR%#
BER S BE AL K R A BERO " A B 22 (P <

TAKBEBHENTETN

0.05), 17 H 19 HLLG, %40 B4 1y K 54y B
A N SRS T ER o Ve ()i N UF 2

B B E S TREE (P <0.05), il 9 A
19 H A4 (i) Bf — 2% 22 Bk 3 i & K
(P<0.01),

—2-40 cmX30 cm --+-30 cmX30 cm =20 cmX 30 cm

—_ = =

KR4I 2B
O N R0 N R

Rice tiller per hill

5.28 6.9 6.28 7.19 8.9 9.4 9.19

I Date
1 AEKEBRIEZETEN
KFBENEHHEEN
Fig.1 Dynamic changes of total tiller number of

rice per hill at different planting densities
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BRI KRR A YRR R A
(Sl 1 G R A5 1 AR 7 A g AR L R R T4l
RIS L= RE ST, T B 2R R R
GRS BRSSP R P 2 o,
3 PRI T AR AR A B A I ) L A2 A
FAMLL, B BE K R 1 A R BRI i ik
TV A% Ab BIOK RS B ) R0 R & 2 5 (P >
0.05) s 731 Al RS0 0 A0 /K A AR 4y AL R

Hh e ZE AR AR U R IR S8 2 | o R M o IR
HEHRKA LY R E S TR LA (P <
0.05) , HLAE AU A0 s 0] i — 38 22 S ik B
BFKF(P <0.01) o 41 HIFI SRS, AR5
JER R WK R A e TR (P <
0.05) . #MHLIXAE 7—9 H I Ak IE ¥ ik 5]
KA A R A AR A, DR I 45 Ak B 4 K e A
PR J2 2 BT - B B
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Fig.2 Rice biomass production in different development stages

2.3 AEKEBRIEZEXKBEFERBZ N

ZET A IR ALK R T 25 Ak B B B N
FORDI A 2R K R R R RS R A
REMIRIE™ o B2 R R R R A K R e
IR KRR 25T L K R A RE AR 1
AR TR B 1 A £ B K R
(925 FFAG BRI A R RTARFAE ™ o Z5FFH LA AR
T KA AR 8 A R, (E A 25 2R PR R B
FEMATR 220 G A AR 2 A R Tk RS %
AR R, XK R4 7 R A T R e
TSR S g (R 1) KR

A ZEE T KR b i AT FIAT SE TR AR 4
WEE T R (P <0.01) , 1iifE %
MR EES (P >0.05) s KRR,
M, mEEANEREES THhEEH(P <
0.05) fk# EAWMBE R TH®EH(P<
0.0,/ EEHAMBRZER AL F (P>
0.05) 5 #5-40 BELZH [] Py BE L RS2 2 0 g = 22 5
(P>0.05) . Zi5oRA , (R LAk B 5 A Ak
A AR HE (RSB AMERR SN ) BA 2 3 PR AL
e
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*x1 FAEHKETE THKEZFER

Tab.1 Rice stem characters at different planting densities

IKFEZEFFA AY, Rice stem characters 20 cm x 30 cm 30 cm x 30 cm 40 cm x30 cm
Bk Plant height /cm 126.65 +3. 18" 126.27 +1.25"% 130.85 +1.44

K Stem length /cm 98.83 +2.69"8 98.94 +1.84" 103.38 +1.32"

K Panicle length /cm 25.76 +0.40" 24.91 £0.24"8 26.02 0. 74
FFHEFRIMZ Stem base outer diameter /mm 9.01 £0.05" 8.89 +0. 15" 9.79 +0. 18
FEILF A2 Panicle base outer diameter /mm 2.46 +0.21* 2.23 +0.06* 2.28 +0.08*

FEF—A79 AR AR NS TR 253 B (P <0.05) AR A RIRE FREF R 2570 8% (P <0.01)

Notes: In the same line, values with different lowercase superscripts mean significant difference (P <0.05) , values with different capital letter

superscripts mean extremely significant difference( P <0.01)

2.4 FEKBRIETENKEEFEREEME
ESIEA

PR e 2y L T B R R OB
SR S TR E S R KR B
AKRERER = i R R R BRI E ", F
IR HACE i A% 512 58 P B p) /K R R i, 20 3
IRFE R P A A OGTR bR (3R 2) o IR B AL

HREERTH REEL (P <0.05) ;4 5L
TE 3 AR PRL 5 R B A 8 3% 25 5+ (P <0.01),
MREN MK N - AR > P > R . 4%
Ak PRZE £ FEAth 7= R AR AR B P R R B 2
PEZSE (P >0.05) o Horby s B4 RO /R A= d A
TRIE G T R A

R2 3 MKBRIEEETKRER=EMM

Tab.2 Rice yield composition at different planting densities

JKFE = A4 ) rice yield composition 20 cm x 30 cm 30 cm x 30 cm 40 cm x 30 cm
At Yield / (kg/hm?) 8 030.28 +638.32 7 205.37 +879.40 7 309.31 +£575.63
TRiE 1 000-grain weight /g 22.43 +0.37 22.02 +0.23 21.82 +0.24
45525 Seed selting rate /% 92.95 £0.63 92.87 £1.03 94.03 +0.44
AR Panicle setting rate /% 86.30 +0.63" 87.51 +1.84" 91.53 +0.17*
FR %L Grain number per rice ears / (f/FH) 346.69 +15.83 311.41 £11.46 338.51 £13.97
A7 54 Panicle number / (F#/77) 7.38 +0.20° 9.38 +0.37" 11.17 £0.40"

T W=7 JAAR A R/NG T Bk R 22 53 35 (P <0.05) B FRAN Rl RS 71 m 22 il 3% (P <0.01)

Notes: In the same line, values with different lowercase superscripts mean significant difference (P <0.05), values with different capital letter

superscripts mean extremely significant difference (P <0.01)

2.5 KEFESKBEFERETF. FEWRK
SEFSES/30)

A5 TR A ZE AT AL B PR3 A A PR 1 %o 7K
R e PR B A DA SRR B RN R e, SRHR R
(2 B I R 1 X R R = 4 Sk oR [l =2, BTk
MR 3 AL AR P A P R N T A
ARV R B A S BB, K40 S TR BE R 1R O A A
0.561 ~0.832 Z[a], % /KAHZEF A4 A 75K
AR SRIGE BE R E/INHEFPAR U B (0. 832)
> FF2E R 442 (0. 828) > B (0.822) > FF K
(0.820) > FEALARSME (0. 812) , Horh oK A ™ &
SRR BE e KA ZE AT R A 7 R B, SRR BE de /)
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(e AL R I MR 5 KA = A BN 1 5 KR ™
SRIRE 1 R BN NHEFFAR U T 4L (0. 812) > i
AR (0. 808) > £5 50K (0.807) > F KL %K
(0.785) > W4 (0. 672) > £ 3 M &K
(0.660) > %320 bilyXH (0. 561) , Herp 5 7KR = i
SRR BE e KA 7 H R S IR 2 TR, SRR R A
AN RE O OB AR S IR B /N AT LB
M DX o3I 7R AR ZE A A B IR 5 ™ i A PR 1 45
A SRR B SCHRBE , B AOR TF, 25 AT 4 LI
T KA A 0% IR A X B ),
0.812 ~0.832,
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®3 KEKEER

Tab.3 Correlation matrix

PRSI

Correlation matrix

K TR R T " A R 1

Rice stem component and yield component

L3S FFIETRAME M GRS
Panicle length Stem base outer diameter Plant height Stem length
0.832 0.828 0.822 0.820
K THRIE REIEFRAME R ES G
/ YF? ldm 1 000-grain weight Panicle base outer diameter Panicle setting rate Seed setting rate
ie
0.812 0.812 0.808 0.807
TR £ AWy AR (SVNTVAE
Grain number per rice ear Rice biomass production Panicle number Hills per hectare
0.785 0.672 0. 660 0.561

2.6 FEHEKER

KIBUERA- I A R G S SR bR, X W)
WA AR SE Z B FR W . KU DL I
A KA PR RS - L A R GE A ). -
i3 2R R G KR pH L 3 i % ( dissolved
oxygen, DO ) FI B 1E A [F] K R BE T B9 22 AL
K3 Fis . BAORE, BEE KR A 4, 75 K
PRE) pH H1 DO BEAR IR B2 T o B3 W)
FERY pH DO FIIELEE R 3 A h e i i), (H 3
ANTRIRSHIAE AN [F) 2% 8 201 1) 2 S ) AN 3% (P >
0.05),
2.7 HBFEERMEFEERE

MR SR BE 7K e 55 2 Y I8 IR S s [
e, {H 25 b R AL ) AR 35 B 3K 22 S OKE (P >
0.05) . rP#FRZmS H Y SCR ik 2 iy, HAR
FHrRTREEHA(P<0.01), K4,

x4 3MABREZERHFEAE
R ERMEEERKE
Tab.4 SR and SGR of fish at

different planting densities

ik% 20 em x30 em 30 ¢cm %30 em 40 em x30 cm
Growth factor
TSR SR/ % 81.01 £4.88 77.57 +4.01 67.50 +7.69

FEEAE KR SCR/%  3.62+0.07"" 4.54£0.05" 4.19 £0.19°*°
AT R A RNG PR R 72 5 B (P <0.05) /i HR
AFRRE FRARZ S L3 (P <0.01)

Notes: In the same line, values with different lowercase superscripts

mean significant difference (P <0.05), values with different capital

letter superscripts mean extremely significant difference (P <0.01)

3 it

IR S8 JSE S AR B 2 vp T R T e i — B
AT B ARG BAS-tdk R G,
04 4 A R SR AR AR AR K R B i

Wi {4 1) B A ) T R 5 AR s gl DRI T
i A 3 A [ K R R KR AR I R
PRI, F R R, A8 B IR AR B 1 2 A F
AR O, A T B A REAS R R, R
S SEE SR, R R R K 7 25 1 A
HENE o PR 7E T 3 X A% 4t i A - f 6 AR 65X
HA 3 24 114 R R A7 4 B AN R RDK AR ™ 6
FE7 H 19 HAT,3 MR KRS 7 B8
R BE E) P s (18] 1), Z )5 7> BEROow A T
W 0 BE S I CRT BE AL T AT 8. 3 MK
AkAE 6 A 28 H G Se)a T fh itk A JCRL o) BE
W, 0 BEWI B A I I B A SRR
W], AR B 2 K A 2 BE R W] A3, X 5 —
SURE AR AR 2RSS BRI, KR 4 BEAK
2RI T FR) 5 WAL AN R 5 T A B i 39, B
BRI, B A 23 BE B RO ALAE ik /b, (H
P THT AR 73 B R R R R S i T 4
S B AR R S COBOR [ S SO 3657 4y
SRR 225, I AN TR R 4 L TR KA I B
JEAR A A= AN AN [R) 36 B R KA
YRR B EZE S . AR AT, bRk
IR TERE , MR RO 22, i B M 0 o A
AR KRR B e A R AL
IKAEAE DR R MR o A o R BT
SN TR AR B 2 , B X 3R 20 7 SR ™
A3 A, KRR [ R 3 B 5 S50 B K A Ol HE ek
DB TR AER KT X TYRA R it
B, KA e R R P 0 XS 8 22, TR 8T B
Mg 0 24 F) PR 5, 3 "L /KR T LA AT, i B R A
S BRI 1 P A B S5 Bl , AN BE T B R AR
R BCREOR R 22 RN T KRR
HUERR 2B T KRR E TR
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R
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S
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B3 AEAEEKIEEENKER pH(a) JARE (D) FIRE (c)
Fig.3 pH (a), dissolved oxygen (b) and temperature (c) of water in paddy field at different growth stages of rice

JKRE 14 BEAT R T BEOR ZEAF A 0 B,
T 25 Ak e LR IR e 9 A 2 B R R
I F B R S22 RAIE I J 78 K2 1 i g
23 [, 34 S Bk 52 O i 5 BOR B R SRR A1
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Eev e 9 2y 11 ININTTEEE Sl S5 - 6 /NS N
SR A [R] KR 4 BT K Rk e 9 00 4 2R
TR MBS 25 AR, 1 e IO B Ak
KRGk AR PR S i AR e e T
JE AN TR KRR 5 BE O I T 25 RAN ], T REE I
KRR R A BRI AN ), ASBIF 5 S92 56 4 5 AL T
KITH RS XA H B OISR, 24 T
U123 ) 5383 0 DX IR R 6 94 ) R 2
MBI A SRA—FE L O T 3R IE 13X — i, AR S
XK R R A 1 00 E 45 2R 5 I TS A AL R o
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Effects of rice density of Qingtian rice-fish coculture system on rice growth
and yield composition

GUO Haisong'**, XU Guanhong*, LIU Qigen'*"

(1. National Demonstration Center for Experimental Fisheries Science Education , Shanghai Ocean University, Shanghat
201306, China; 2. Cenire for Research on Environmental Ecology and Fish Nuirition, Ministry of Agriculture and Rural Affairs,
Shanghai Ocean University, Shanghai 201306, China; 3. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of
Agriculture and Rural Affairs, Ministry of Agriculture and Rural Affairs, Shanghai 201306, China; 4. Qingtian Yugong
Agricultural Technology Co. Lid. , Qingtian 323900, Zhejiang, China)

Abstract; Qingtian rice-fish coculture system is one of the first pilot sites of Global Important Agriculture
Heritage System ( GIAHS) designated by FAO in 2005. The optimization of rice-fish coculture mode such as
the selection of optimal rice density in the coculture system will be much helpful to the local promotion of this
rice fish coculture model. In this study, 3 rice planting density ( by different line and plant spacing) were
chosen in order to compare the effects of the rice spacing on the rice growth and yield, the survival rate (SR)
and specific growth rate (SGR) of the fish ( Cyprinus carpio var. color) . The 3 rice cultivation densities
(high, medium and low density) were plant spacings of 20 cm x30 em, 30 cm x30 ¢cm and 40 cm x30 cm,
respectively. The results showed that: the tiller number and biomass of rice at low density (40 cm x30 cm)
were significantly higher than those of the high density groups after elongation stage; there were obvious
advantages of the rice stem characters at low density (40 cm X 30 cm) among the 3 densities; and the
cultivation density had no significant effect on rice yield. The grey correlation analysis showed that the greatest
correlation with rice yield was the panicle length among the rice stem characters, and the greatest correlation
with rice yield was the 1000-grain weight among rice yield compositions. The SGR of fish reached the highest
value 4.54% +0.03% at the medium density (30 cm x 30 cm), which was extremely significantly higher
than that at the high density (20 em % 30 em) 3. 62% =+ 0. 04%. The survival rate of fish was not
significantly different among treatments. Based on rice growth and production efficiency, the medium-density
(30 em x30 cm) of Qingtian rice-fish coculture system can be the priority to be used to get faster growth rates
of fish while ensuring rice yield.

Key words: Qingtian rice-fish coculture system; GIAHS; rice density; rice growth; yield
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