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Effects of rice-fish coculture on growth and yield of
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Abstract: [Objective] To investigate the effects of rice-fish coculture on growth and yield of ratoon rice with
different stubble heights in the double rice cropping area of South China, and provide a scientific reference for
rice cultivation and stubble management of the ratoon rice-fish coculture system. [Method] Using
‘YeXiangYouYouSi’ as the ratoon rice variety for testing, a two-factor field experiment was conducted by
setting rice cropping patterns (rice monoculture and rice-fish coculture) and stubble heights of the main season

rice for ratoon rice (10 and 30 cm stubble heights), to explore the effects of rice-fish coculture on the growth
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characteristics and yield components of ratooning season rice with different stubble heights in the main
season. [Result] Under the treatment of high stubble, the rice yield of the ratooning season was significantly
higher in the rice-fish coculture than that in the rice monoculture, and the rice yield was significantly affected by
the interaction of the rice cropping pattern and stubble height of the main season rice. Compared with those in
the rice monoculture, the effective number of spikes and seed setting rate of the ratooning season rice in the rice-
fish coculture significantly increased by 18.2% and 53.2% respectively, while the number of grains per spike
significantly decreased by 17.9%, which indicated that the rice-fish coculture compensated for the insufficient
number of grains per spike by improving the effective number of spikes and seed setting rate of ratooning season
rice population, thus enhancing the yields. In addition, stubble height significantly affected the leaf nitrogen
content at the heading stage of the ratooning season rice. During the maturity stage of the main season rice, there
was a significant positive correlation between the zeatin riboside content of roots and the nitrogen content of
leaves, suggesting that increasing the nitrogen content of leaves at maturity might be beneficial to increase the
zeatin riboside content of roots and thus indirectly promote axillary bud germination. [Conclusion] Under the
conditions of this experiment, the low stubble (10 cm) treatment was more appropriate for the ratoon rice
monoculture system, while the high stubble (30 cm) treatment was suitable for the ratoon rice-fish coculture in

the double rice cropping area of South China, which might be favorable to the subsequent growth and yield

6 W]

improvement of the ratooning season rice .
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Table 1 Effects of rice-fish coculture on plant heights () of main season rice and ratooning season rice with different stubble
heights h/cm
FEERE BA 4 B em 3kZE Main season F§4:ZE Ratooning season
Rice cropping Stubble HhH A D8] 7y BEH gy e8]
pattern (RCP) height (SH) Heading stage ~ Maturity stage Tillering stage ~ Heading stage ~ Maturity stage
RM 10 112.6%1.7a 116.1+1.2a 68.3+1.3b 78.942.6a 87.242.1a
30 113.1+1.3a 115.9+1.5a 83.6+0.4a 84.8+2.0a 87.8+0.9a
RF 10 113.3+0.8a 116.3+£1.7a 66.0+£2.3b 79.9+0.5a 87.9+1.6a
30 114.9+0.1a 118.5+0.5a 84.7+1.6a 78.6+1.9a 89.9+0.7a
B RCP 1.08 1.22 0.16 1.53 0.69
LA SH 0.80 0.55 133.68%* 1.16 0.64
RCPxSH 0.23 0.90 1.42 291 0.18

1) RM: /KA A4F, RF: #5 & 2:4F; 4Rk & 8038 A 3R E L6 -F HELAF 43R, RIS BB LA A — ARV B F84, 7 257
R R FH(P>0.05,LSDi%); ** & T~ FE XM B Z(P<0.01)KF,

1) RM: Rice monoculture, RF: Rice-fish coculture; The data of plant heights are the means + standard errors of three replicates,
and the data in the same column followed by one same lowercase letter indicate that the difference is not significant (P>0.05, LSD
method); ** indicates that the F-value reaches highly significant (P<0.01) level.
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Table 2 Effects of rice-fish coculture on leaf SPAD values of main season rice and ratooning season rice with different

stubble heights
R BR 7 B BF /em 3k=% Main season P44 Z% Ratooning season
Rice cropping Stubble R B 73 BEW S| A
pattern (RCP) height (SH) Heading stage Maturity stage Tillering stage Heading stage Maturity stage
RM 10 31.0+0.4a 19.9+1.0a 43.7+0.82 38.8+0.4¢ 16.0£0.5b
30 31.6+0.5a 21.1+0.4a 43.3£0.9a 43.9+0.4a 16.5+0.6b
RF 10 33.1+0.7a 18.7+1.1a 43.3£0.9a 40.9+0.4b 26.2+1.2a
30 31.6£1.0a 18.3+1.0a 41.9+1.6a 44.0+0.7a 18.9+0.9b
ViR RCP 2.12 6.07* 0.68 4.73 51.35%x
Total variance SH 0.37 0.24 0.68 63.21%* 14.87%*
RCPxSH 1.87 0.97 0.20 4.18 19.54%*

1) RM: /K45 #4F, RF: #5 & 2 AF; SPADIASE A 3R F A 09 -F A7 R %, Fl 5 886 LA — MR B T84, £7
EZ R RFH(P>0.05, LSDik); *Fo** 4 5| K R FALIA 2 F(P<0.05)F=#8 % F(P<0.01)K T,

1) RM: Rice monoculture, RF: Rice-fish coculture; The data of SPAD values are the means + standard errors of three replicates,
and the data in the same column followed by one same lowercase letter indicate that the difference is not significant (P>0.05, LSD

method); * and ** indicate that the F-values reach significant(P<0.05) and highly significant (P<0.01) levels, respectively.
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A and B are in the main season, C and D are in the ratooning season; RM: Rice monoculture, RF: Rice-fish coculture, RCP: Rice cropping pattern, SH:
Stubble height; The data in the figure for stem and leaf nitrogen contents of the main season rice are the means + standard errors of six replicates, and the rest
are the means + standard errors of three replicates; Where there is one same lowercase letter above bars in the same stage, it indicates that the difference is not
significant (P>0.05, LSD method); ns indicates no significance(P>0.05), and ** indicates that the F-value reaches highly significant (P<0.01) level.
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Fig.1 Nitrogen contents of rice stem sheath and leaves at heading and maturity stages of different treatments
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RM: Rice monoculture, RF: Rice-fish coculture; The data in the figure are the means + standard errors of six replicates; Where there is one same lowercase
letter above bars in the same stage, it indicates that the difference is not significant (P>0.05, LSD method).
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Fig. 2 Effects of rice-fish coculture on zeatin riboside contents in axillary buds and roots of rice at heading and maturity

stages of main season rice
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Days after harvest of the main season rice
RM: KR F, RE: B 6 (b 75 RiFE g nime ks, 25 KBEFEREMMRER
Pl o [ — B i) )L — AN RN S 2 8RR, R 78 /AR B3 (P>0.05, Hﬂ% 4 1 g, *ﬁ@ﬁ{’ﬁ‘éﬂ(%ﬁi{’ﬁ%{#?%é

LD B T 2 25 5 (E 351 AR TR

RM: Rice monoculture, RF: Rice-fish coculture; The ratooning rate at day
75 is the final ratooning rate; Where there is one same lowercase letter at the EEEETKBEAE, FIHEr~ 26.3%. FEIEBR

:;1;02;1.16’ it indicates that the difference is not significant (P>0.05, LSD @i‘_?ﬁ ﬂﬁﬁgﬁéﬂ(%ﬁﬁ%{*@iﬁ\ *@*ﬁ%[*u éfg;%}\}\
3 AFRWEIEBEE T KEEERERNIETEN T 5 5200 P AR B 7 &, T Sk 2 B o v
Fig.3 Dynamics of tiller ratooning rate of ratooning oW T AR IR KRS P B M R R TR R RORL BRORD &
season rice after harvest of the main season rice SR, M 72 B PE AR B RS AR A R S T v
*3 BERANBESENBEKEREENZWN G ESH
Table 3 Analysis of variance for the effects of rice cropping pattern and stubble height on ratooning rate of ratooning
season rice

Sk RECE 5 A R R 2R 2R

Trfftfint Ratooning rate at different days after harvest of the main season rice
10d 15d 18d 25d 30d 35d 75d
FEERL(RCP) Rice cropping pattern  20.76** 9.5% 2.56 4.15 0.31 5.47 0.08
B4 i 51 £ (SH) Stubble height 14.65%* 8.68* 4.33 6.34* 12.71* 8.55* 1.68
RCPxSH 2.40 422 3.10 4.15 8.47* 7.94* 9.12*

1) FA P TS R B e By A A & 4 0 ) R R AR .35 (P <0.05) 0L 2. 3 (P <0.01) 7K.
1) The ratooning rate at day 75 in the table is the final ratooning rate; * and ** indicate that the F-values reach significant
(P<0.05) and highly significant (P<0.01) levels, respectively.
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Table 4 Effects of rice-fish coculture on yield of main season rice and ratooning season rice with different stubble heights

FalERR B# i /em  kZE Main season F§4Z= Ratooning season
Rice cropping Stubble e/ A R FERLEL gESLRY%  TRIFR/g FEE/
pattern height (kg-hm™) (Ji%%-hm™) Grains number ~ Seed setting  1000-grain  (kg-hm™)
(RCP) (SH) Yield Effective spikes per spike rate weight Yield
RM 10 7814.3a 274.3ab 98.4a 28.3b 16.8b 1244.5ab
30 7814.3a 240.6b 58.0c 34.5b 18.2ab 955.5b
RF 10 7961.3a 306.5a 75.4b 40.6b 17.8ab 1229.0ab
30 7961.3a 302.0a 53.0¢c 55.6a 18.9a 1550.0a
B RCP 10.326* 8.254* 19.256%* 2.602 10.109*
Total variance SH 1.716 41.574%%* 7.709* 5.492 0.031
RCPxSH 1.007 3.381 1.337 0.075 11.220*

1) RM: 7K 4% 3848, RF: 48 . 348 ; & 7 3k KA = FHIEHOR T LG KB T IHELAR R R, RARBAIRE LT bk
#; R HEE AR AR DB FEE, AT EFREE(P>0.05,LSDik); *Fo** 5 3| A FRFILA % % (P<0.05) K 2 %

(P<0.01)KF,

1) RM: Rice monoculture, RF: Rice-fish coculture; The data of main season rice yield are the means + standard errors of six replicaties,

and the rest of the data are the means + standard errors of three replicates; Data in the same column followed by one same lowercase letter
indicates that the difference is not significant (P>0.05, LSD method); * and ** indicate that the F-values reach significant(P<0.05) and

highly significant (P<0.01) levels, respectively.

A AR A FAE 2K R ) = i B a5 sem . 75
AR A AR ZR KRR A RO B R K R LA Ak
PRI T 18.2% (P<0.05), i RF-10 A F ({4 %L
FEEH RM-10 #2758 7 11.8%, RF-30 {145 2REA R
RM-30 B E T 25.5%. W IME A Z oK igi
b1 B KRG AR P BRAK T 17.9% (P<0.05), 1K
£ (10 cm) Ak P FURE B8 8 B 2 (30 cm) Ab RT3
BT 56.6% (P<0.01), JLrh RM-10 [ RERLE04E
RM-30 & EHE T 69.7%, RF-10 AR B4 RF-
30 BERE T 42.3%. BEaEFATKBE LR
BOKRE AR R T 53.2% (P<0.01), 1K B 2 4k

PP AR 2R KRG 1) 45 S B0 v B A AL 3T S A v
30.8% (P<0.05), & B fE fa R i it 32 v AR 22K
FETEAARAT SRR EURIRF AL I &5 S5 R A MR BOA J2
T 2 1 2 ZR K R 1
26 LAFEWERZHE. ERASERBETK
el FZErEX S
E— 25 0 Sk ZE A A A IR AR ) R OK
HEES LT 25 &8 AR
77 J 7 A IR R 3EAT Pearson A AT Rk
B, SRR I R B & =5 Rt
RAESEAERENIEME I (&5, XRWAES

RS AFEAAHRFIRBHNERZLETIE, AFHERTSESBETENRE T ZRINBEX LR
Table 5 Correlation analysis between zeatin riboside contents in axillary buds and roots at maturity stage of main season
rice, plant nitrogen content of main season rice, and yield factors of ratooning season rice

$8#45 Index a b c d e S g h i J
a 1.000
b —0.429 1.000
c 0.362 —0.036 1.000
d 0.221 0.621* —0.084 1.000
e —0.207 0.289 —0.208 -0.292 1.000
f 0.394 0.216 -0.104 0.452 0.209 1.000
g -0.077 0.145 —0.141 —0.354 0.028 —0.005 1.000
h —0.369 0.144 —0.092 0.100 —0.010 —0.347 —0.609* 1.000
i 0.351 —0.006 -0.171 0.485 0.191 0.225 —0.690%* 0.542 1.000
J 0.497 —0.051 —0.178 0.553 0.416 0.642* —0.177 -0.034 0.697* 1.000

Da:BFERFBFSE, 0 RERFHFLE,: ZMAA T, &TH RS E, e RAFAR, L ABARK, g ARER h: T
BRE, i BRR TR TR MR R F R (P<0.05, Pearsonik),
1) a: Zeatin riboside content of axillary bud, b: Root zeatin riboside content, ¢: Stem sheath nitrogen content, d: Leaf nitrogen

content, e: Final ratooning rate, f: Effective spikes, g: Grain number per spike, 4: 1 000-grain weight, i: Seed setting rate, j: Yield;
* indicates correlation at significant level(P<0.05, Pearson method).
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