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M E BEHAEREXFEYREER BHAEERG ARG T EWE R, BLEFHRH
F R R BT AR I ok AR A B R 2 0 G B ED A AR R e iR (IR A L A
FOFH HB) KA E RIS KR KA F AR M Z AR AR R T 2
ANHEE KR, B EEAEBERR T E &N Es, RARE MR L& 00T B & A E R
WEE FMNEABWEKATHBMAR T EERELN. GEERAEML BERELE
FHEATHENEGRENT ATHANEHTE AR ASELTRLRAMLET, HHE
3 KK M (R AL E ) A R W TR R 22.7% .34.8% F130.0% ;
7 4% R A RHAL IR T 3 3 R K A A A X E B B STHR 4R 0 8.9% .5.9% 1 1.6% , £ iy
TEEN T1.0%. 5AEEERE BERELEEFR W AE L EHMERH N A4
EEK2ENI0~2d, A RFREAEENFEXAMERARELH AR M EF RN
BN AR TN o RBET AREEK, AT AR ENEF.

KER A, REM; SEIS; FEEM; THASE

Effects of fish on field resource utilization and rice growth in rice-fish coculture. ZHANG
Jian' | HU Liang-liang', REN Wei-zheng', GUO Liang', WU Min-fang’, TANG Jian-jun', CHEN
Xin'" ('College of Life Sciences, Zhejiang University , Hangzhou 310058, China; °Qingtian Bureau
of Agriculiure, Qingtian 323900, Zhejiang, China).

Abstract: Rice field can provide habitat for fish and other aquatic animals. Rice-fish coculture can
increase tice yield and simultaneously reduce the use of chemicals through reducing rice pest occur-
rence and nutrient complementary use. However, how fish uses food sources (e.g. phytoplankton,
weeds, duckweed, macro-algal and snail) from rice field, and whether the nutrients releasing from
those food sources due to fish transforming can improve rice growth are still unknown. Here, we
conducted two field experiments to address these questions. One was to investigate the pattern of fish
activity in the field using the method of video recording. The other was to examine the utilization of
field resources by fish using stable isotope technology. Rice growth and rice yield were also exa-
mined. Results showed that fish tended to be more active and significantly expanded the activity
range in the rice-fish coculture compared to fish monoculture (fish not living together with rice
plants ). The contributions of 3 potential aquatic organisms ( duckweed, phytoplankton and snail) to
fish dietary were 22.7% , 34.8% and 30.0% respectively under rice-fish coculture without feed. Un-
der the treatment with feed, however, the contributions of these 3 aquatic organisms to the fish die-
tary were 8.9% , 5.9% and 1.6% respectively. The feed contribution was 71.0%. Rice-fish coculture
significantly increased the nitrogen concentration in rice leaves, prolonged tillering stage by 10-12
days and increased rice spike rate and yield. The results suggested that raising fish in paddy field
may transform the nuirients contained in field resources to bioavailable for rice plants through fish
feeding activity, which can improve rice growth and rice yield.

Key words: fish activity; diet analysis; tillering dynamics; yield components; leaf nitrogen con-

centration.
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Fig.1 Locations of quadrats for video recording in each field
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Fig.2 Frequencies of fish activity under rice-fish coculture (RF) and fish monoculture (FM).

* P<0.05; * * P<0.01.



149 i BUSE R AR AR GE R A0 BE IR AN R Bk K AR A K A R 303

*1 BIHATEYRENHR. R
Table 1 Contents of nitrogen and carbon in fish muscles
and food sources

T Carbon (%)
{8 Mean #RifEZ= SD

A Nitrogen (%)
(Y Mean #5ifi2% SD

LA 15.0 0.52 43.7 0.98
Fish muscle (RFf)

£ LA 14.9 0.38 437 0.57
Fish muscle (RFn)

i 14.3 0.24 44.7 0.82
Fry

a3 5.9 0.08 38.2 0.28
Feed

FH 12, 8.0 1.11 31.1 4.11
Snail

T 23 0.07 38.7 1.86
Lemna polyrhiza

% 25 0.84 38.9 2.01
Lemna minor

TR 0.8 0.06 13.6 3.18
Phytoplankton

RFf. FffdAE# M 8] Rice-fish coculture with feed; RFn: FEffidEfE
AR Rice-fish coculture without feed.
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Fig.3 Values of 8°C and 3N (%o¢) of aquatic organisms and
fish in rice-fish coculture system.

Feed; V. H M Lemna minor; VI 83 Lemna polyrhiza; VI . T#U#HE
L] Phytoplankton; VI . [T112 Snail. #[% k3£ T SIBER 43 #7708 24k 2547
ToJE IR LA IEZE Ellipses are niche widths based on SIBER, and
bars indicated standard deviations.

85.9%) , & HI H A HLA £ ) (K ZEZE W) I BT ik 3y
29% (95%Cl1:14.1% ~57.5%) , Horh i (467
MEMEME) M E, 5 8.9%(95% C1:0.6% ~28.4%) ,
TR AN T2 505 5.9% (95%C1:0~37.0% ) Fl
1.6%(95%C1;0~16.0% , ¥l 5).RFn &b # op H £ L
BRKAEAY EEETEHIE, TR 22.7% (95%
C1:4.6% ~56.3%) ; V7 e AH 470 R EE R 119 5 R 2R 43 3]
H 34.8% (95%C1:0.7% ~72.7% ) F1 30.0% (95%Cl .
0.7% ~67.3%).
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Fig.4 Relative frequency of contributions of commercial feed

(A) and aquatic organisms ( B) to fish dietary in rice-fish

coculture with commercial feed( RFf).
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Fig.5 Relative frequency of contributions of natural food to fish dietary in rice-fish coculture with commercial feed (RFf) and without

commercial feed (RFn).

2.5 JKRESE N LS R AN A
M2 T LLE W, A AE fa S 4L B ( RFF A
RFn) /K F6 19 #1872 B0 B 3 = T /KRS SAAE (RM)

1M RFn 5 RFf Z B ) FIE = d%A B & 25,
RFf 5 RFn A7 CHEECHR 2% 5 T RM, RM &b 3 T4
5 E ST RPn 5 REF, B A JL/EAN B4 2 1) 45 5%
S TR EMEAREEZS AR P =

201
Wl 0.334; THLEP=0.310) 3L R LI B 25 IR 4%
7 PIS  MITS S HS MS
& 2 12t ¥ "l" % aoTs
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R o] RM : b WEHS
2 s mFS
a PTS MTS
& 4 1
= :
0 RFn Ha
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g 7 a
g8 ool E3 . . . . . .
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=2
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] Fig.7  Comparison of rice growth and development process
£ among different treatments.
70 M ! RF ! RFE ' TS: 4rBEW] Tillering stage; PTS: 43 404 BEH] Productive tiller stage;
n MTS: Heii 43 BEY] Maximum tillering stage; BS: Z2Fl] (HEA&H 50%

6 N[FIALBEOK A 23 BE S A LA K BB AR B U

Fig.6  Comparison of tiller dynamic and productive tiller per-
centage among different treatments.

RM: /KF&E8AE Rice monoculture; RFf; F i 2 AE £ M 15 £l Rice and
fish with feed; RFn.; FfOFE/EREMIAEL Rice and fish without feed.
TIA] The same below. # . [f]— B #IAS[A] 40 PR H] 22 5% @ % ( P<0.05)

Significant differences among treatments at the same stage at 0.05 level.

B9 A TTF 4 22 78 ) Booting stage (50% of rice plants began booting ) ;
HS . Sl (BER 50% 19T il ) Heading stage (50% of rice
plants began heading) ; FS: ¥ 3X ] Filling stage; MS: FLZW (1A
50% B4 P F 2L 24 3) ) Milking stage (50% of rice plants under mil-
king) . ARG FREFRAL B 2RI R EOE 7 B3, AR/ &
BN AL PRI BE A K22 57 1. 3% (P<0.05) Different capital letters
indicated significant difference in the tillering stage duration among treat-
ments and different lowercases indicated significant difference in the boo-
ting stage duration among treatments at 0.05 level.



149 ik GIRE . AR R G A6 RIS A B K R A K AR R 305

R2 ARNEBEKBFEELEHNEGTE

Table 2 Fish productivity and composition factors of rice yield in different treatments

I H Item 547 Indicator RM RFf RFn
KA R P2 HE Grain yield (t - hm™) 5.5+0.24b 6.3+0.27a 6.4+0.26a
Rice H %4 Effective panicles (ind - hill™") 13.8+0.30b 17.5+1.63a 16.5+1.35a
BFAEEL Total spikelets (ind -+ hill™") 167.9+14.26a 151.5+6.16a 168.7+8.21a
2552 Seed setting rate (%) 89.2+1.72a 91.2+0.92a 90.3+£2.87a
T E 1000-grain mass (g) 23.9+0.51a 22.5+0.08b 22.9+0.02b
£ B PP Gross yield (t - hmfz) - 346.1+23.63a 164.3+42.00b
Fish e d Net yield (t - hm™2) - 278.3+22.50a 93.8+44.25h
[5l4#i % Retrieval rate (%) - 95.2+6.73a 90.5+6.73a

[RIZA ] /ING 7B 2 /s Ab PR A] 25 5 1 3 (P<0.05) Different letters within the same column indicated significant difference among treatments at 0.05

level.
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HEEER
Leaf nitrogen concentration (mg * g™ )
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BB ilizv ] 2!
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