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Abstract; This research studies the effect of the combination of rice ridge cultivation and rice-fish-chicken
cultivation on the growth of the rice root system. On the basis of the researches carried out by other scholars on rice
ridge cultivation, rice-fish cultivation, and rice-chicken cultivation, this research came up with a creative planting
and breeding technique that features combining chicken and fish breeding with rice ridge cultivation. This research
was based on a field comparison experiment that consisted of conventional rice ridge cultivation (CK) , rice ridge
cultivation with fish breeding (RF) , rice ridge cultivation with chicken breeding (RC) , and rice ridge cultivation
with fish and chicken breeding (RFC). The growth trait and biological activity of the rice root system under rice-
fish-chicken ridge cultivation was explored. The results showed that there were differences in the structure and bio-
logical property of the roots among different cultivation models during the two-year experiment. RFC and RC had no

insignificant differences in root dry matter, root shoot ratio, root volume, root number, maximum root length, and
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root antioxidant activity and bleeding sap after full heading, which were slightly higher than CK ( some indicators
had significantly difference). Compared with CK, the root volume of RFC and RC was increased by 0. 77% -
14.05% and 0.10% —13.88% respectively, and the antioxidant activity was increased by 2. 15% —13.48% and
0.64% —10.05% respectively. Compared to CK, RF showed a downward trend of all indexes related to the root
structure, the antioxidant activity, and bleeding sap, in which the root dry matter, root volume, the antioxidant ac-
tivity, and bleeding sap were reduced by 24. 62% - 50.70% , 7. 80% —47.45% , 10. 49% -21.68% and
24.39% —-39.25% respectively. In conclusion, rice-fish-chicken ridge cultivation and rice-chicken ridge cultiva-
tion had a higher level in root morphological index compared with conventional rice ridge cultivation,such as root
volume , root shoot ratio, root number and maximum root length. The biological activity of root system was improved

after full heading stage and the aging of the root system at later stage was reduced, thus ensuring the growth of the

overground parts of the rice and its yield.
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Fig.1 Diagram of rice-fish-chicken symbiosis pattern under ridge cultivation
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TYE CK 225 ¥ KA 5 B EKFE(P>0.05);
RC Ab3ERR 2019 4EFLA B 2 & T CK 4k, AR BT
W5 CK ZRW R EE] B EKFE(P>0.05);RF
AFER KRR 2 T4 0 AE 4 BE M — B B8R

1 A 1,2 a 4 ANACBE R KAER & T4 5
TR BE - SEREIN I N, SR — R
/N, 2 a ™ RFC ACELT 43 BERH — iUH B K R AR 2

CK W ERFEIR (P <0.05) , F%IE 24. 62% ~50.70% |
2 a ¥ RFC I RC &b 2 [a] 7K R S 34+ ) Jo e 7 ) BE
- A E R AR,
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Tab.1 Rice root dry matter accumulation of different treatments g
i I EEH] 2R SR A A
Tillering stage Booting stage Full heading stage Milky stage Maturing stage
Treatment

2018 2019 2018 2019 2018 2019 2018 2019 2018 2019
RFC ~ 3.87+0.29a 3.25+0.27a 10.96+0.74a 9.78 £0.44a 13.65£0.35a 12.46£0.37a 9.35+0.28a 9.01 £0.22ab 7.80+0.29a 7.45=0.28a
RC 3.83+0.22a 3.28 +0.06a 10.74 +0.71a 9.29 +0.45a 13.20 £0.36a 12.36 £0.39a 9.32£0.47a 9.13£0.25a 7.79 £0.15a 7.29 +0.28a
RF 2.78£0.09b 2.51£0.15b 7.14+0.28b 6.68 +0.21b 8.15+0.38h 7.00£0.24b 4.96 +0.09b 4.25 +0.18¢ 4.07+0.18b 3.57+0.12b
CK 3.90 £0.38a 3.33£0.29a 10.84 +0.36a 9.85+0.37a 13.27 +0.46a 12.26 +0.26a 9.29 £0.21a 8.62+0.37b 7.69 +0.16a 7.18 +0.16a

B R AR FNE FRERIRAE P <0.05 KV 2503, £2-5H,
Note ; Numbers followed by the different small letters were significantly different at 0. 05, respectively. The same as Tab.2 —5.
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RSP BEIIANAEE CK A s, 3408 52508 0.77% ~

14.05% F10. 10% ~ 13. 88% , Hod7E 2018 4F i 2
HIAT 2019 4S5 RE T 5 A 22 S5 285 ) B K P
(P <0.05); RF &b B4 CK ¥4 5 B A% # %, v iR
7.80% ~47.45% , % 2018 4F-43 BEM AL, HAR I 3k
FEFEKFE(P <0.05), 2 a H RFC RC il CK 4b
IKFEAR 5 LU 7R 43 BEH] — BT (A 48 RF Ab B3
fn, HAE 2018 4F 43 BEJH — A0 AN 2019 45 57 i
1] — B 22 5 243K 3 i 3 KSF (P < 0.05) ;2018
AErf RFC \RC A1 CK b B8] A9 A es L TGt 25 1 22 5+
(P>0.05),2019 4E1 RFC F1 RC Ab ¥ 7] 5 3% ¢ i
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Tab.2 Rice root volume and root shoot ratio of different treatments

N it M Bk A
st Tillering slage Booting stage Full heading stage Milky stage Maturing stage
Treament R on® T B e’ i kR o’ il R e’ Rt R e’ Tl

Root volume

Root shoot ratio Root volume Root shoot ratio Root volume Root shoot ratio

Root volume Root shoot ratio Root volume Root shoot ratio

2018

RFC 3404249 0.1556£0.0059 61.55+5.35a 0.1334£0.004 1a  64.3443.11a
RC 30.9442.38 015612000562 61.30+3.9ab 0.1343£0.004%  63.59£2.01a
RF 30.60£0.%  0.1385£0.0079h  41.73£0.30¢  0.1198£0.0068b  42.12£0.48
(K B.8el5la 015622000530 356.13£1.64b 0.1335£0.0022a  59.8442.3a
2019

RFC 3.99£0.09a  0.1423+0.004 32 53.42+2.82a 0.12490.0012a  55.05¢1.7Ta
RC 32.0640.350  0.1455£0.004 la  53.181.30a 0.1207£0.003 1a  54.972.63a
RF 20.27£0.39h  0.1375£0.0027a  27.36+0.94b  0.1213£0.0062a  28.59+1.12¢
K 3.75£0.340 0.1448+0.004 02 52.96+2.35a  0.1254£0.0034a  48.27£1.66h

0.050 6:+0.001 2a
0.052 4:£0.000 7a
0.0452£0.001 4
0.051'3£0.000 7

0.1123£0.0012a  54.26+3.44a  0.0614£0.0002a 44.27+1.83a
0.1146£0.0031a 55.17+2.20a 0.0636+0.003 la 42.92+1.8%a
0.1004£0.000 1h  33.67+1.27b  0.055 1£0.001 5h  28.14£1.36¢
0.1123£0.001 62 52.851.%a 0.0626=0.0007a 39.46+1.70b

0.1102£0.0034a  46.47+1.84a 0.0616+0.0002ab 39.45 +1.68a
0.1111£0.0056a 46.66+2.35a  0.0635+0.0012a  40.530.72a
0.097540.0035h  25.48+1.10b  0.05490.000 7c  20.30£0.62¢  0.045 8:£0.000 3¢
0.108340.0023a  45.02£2.69a 0.05920.0012b  36.83+1.21h  0.0492£0.000 9b

0.030 7+0.001 0a
0.050 1£0.000 5ab
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ANEFE(P>0.05), 7 2019 4E 22 Fll] RC B E =T
RF(P <0.05) , 5 H] RFC F1 RC B & T RF(P <
0.05) , 7L RFC W2 5T RF(P <0.05) , B
RFC .RC il CK ¥Jig & F RF(P <0.05) ,
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Tab.3 Rice root number and maximum root length of different treatments

SHEEH) 2 M EE WA
s Tillering stage Booting stage Full heading stage Milky stage Maturing stage
Temel RN RKRRm  BH RKERm B RRRe  BK BKBRe BX RKER
Root number ~ Maxinum root length ~ Root number ~ Maximum root length~ Root number ~ Maximum root length ~ Root number ~ Maimum root length ~ Root number ~ Maximum root length

2018

RFC 35.00£14.73ab 2.40:2.4la SH.47£15.88a 370280 557.80£16.87a  35.67:2.18a  5I5.67:14.3Ta  34.95:1.08a  468.73:12.80a  33.8740.92a
RC 308.00+18.00b  31.67+2.7a  53.53£16.60a 351021582  S4L80x17.84a 35 241d0a  SUB:I720a 35021002 461.27:10.80a  33.75:1.4%
RF 8471349 30.66:0.98a  425.67:12.50b  31.65:0.87a  409.53:15.51b  B.A5:1.6a  3719.27:11.80b  32.86:1.63a 33.87:14.98b  3L.86:21%
(K NL00£29.17a 30752650 520.53:20.83a  3.69£3.57a  538.67:28.4la  33.%4:0.84a  S01.27:8.20a  B.78:l3Ba  44T3:1278a  33.19£0.90a
2019

RFC B125.280 3153:0.20a  SM.67+13.28a  3.661.26ab 537.89x14.93a  35.72:0.28a  SOLS5:11.85a  3293:l.6da  422:17.54  29.81:1.5%
RC 23.67+3.76a 3167015  517.45£20.72a  34.05:1.63a  520.56+12.17ab  34.66+1.88a  510.67:15.68a  32.68+2.85ah 426.44+8.37a  30.56+1.64
RF 250.116.8h 31510302 388.78+11.88b  30.13:1.39b  384.78+8.6lc  30.73:1.63b  33.11:14.30b  29.21£0.90b  261.8921.56b  25.80«L.17h
(K W.45:1.07a 31572025  S08.44+16.98a  33.40:1.91ab  520.56:14.200  33.87+1.91ab 497.33:4.3Ta  32.29:1.29ab  419.44:22.75a  30.04£1.08

2.4 ZEREBHAKBREZSUFTHHOZIE
3R 4 FIHL2 a 4 A RE TSR] - PR +
15 d KRG IIR R ARG I 2 EAGE S, 2 a
Hi RFC 1 RC 4bHi45 CK 7K FEHR 2R Bk IS I HE 5%
FET - 578 + 15 d 94 ks 38550 R 2. 15% ~
13.48% £1 0. 64% ~ 10. 05% , Hi /i 1E 2018 4F 55l

WIS +7 d 278 B EKF(P<0.05);
RF Zb UK FEHR R AT J1 3458 CK B (P <
0.05) , %084 10. 49% ~21.68% ; RFC 5 RC 43
KRR R E AT N 22 R ARZE (P >0.05) ,H
¥R EE T RFALFE(P <0.05) ,

x4 AELERKBIRRENEN

Tab.4 Rice root antioxidant activity of different treatments g/ (g-h)
e ?’Fi%%ﬁ FHE 47 d FHE 415 d
Treatment Full heading stage 7 d after full heading stage 15 d after full heading stage
2018 2019 2018 2019 2018 2019
RFC 125.24 £5.53a  105.39 £6.21a  110.37 £4.71a 94.48 £0.82a 84.29 £3.51a 68.48 +0.82a
RC 122.69 £0.91a  106.27 £6.47a  108.64 £5.28a 93.47 +1.11a 82.07 +4.20a 67.47 £1.12a
RF 98.78 £2.67¢ 84.01 +3.33b 86.36 +2.44c 77.17 £2.53b 64.19 £3.55b 52.51 £2.76b
CK 110.36 £1.61b  103.48 £6.89a 99.24 +5.64b 90.05 £3.27a 78.65 £3.42a 67.04 £0.67a

2.5 ZERBEBHEIKBRAGRRHZNE
H2 5 AIH1,2 a v 4 A EITE SRR - S5AE +
15 d (7K ARG F- 35 M8 28 05 U R 340 2 R A1 e 4, G v
RFC b3 PRI A 37. 64 o/ BRFEZFFRE +15 d 19
28.84 g/tk,RC ALBR T 37.21 o/ FRFE E 28. 58 o/Fk,

RF b HF 26. 18 o/ FEFEZE 17. 14 ¢/fk, CK Zb B
35.83 o/ BRFE % 27.39 ¢/#k. 2 a ' RFC Hl RC #%
CK AbFR7EFFHEIN — 5588 + 15 d KRR ARG RA
FrEE I, B 2019 4E55HEH RFC F1 CK AL FH 22 53k 3]
B F K (P <0.05) 51, HAEHH B R A 3 W 0K

x5 ARAERKEBRRGRRK

Tab.5 Rice root bleeding sap of different treatments o/ B
e ] FrHE+7d FHE+15d
Full heading stage 7 d after full heading stage 15 d after full heading stage
Treatment
2018 2019 2018 2019 2018 2019

RFC 38.95 £1.26a 36.33 £0.60a 34.47 £1.06a 31.93 £0.65a 31.62 £0.76a 26.06 £1.39a
RC 38.44 £0.88a 35.98 £0.63ab  33.94 +0.95a 31.58 £1.08a 30.98 £0.31a 26.18 £1.58a
RF 28.62 +1.39h 23.74 £0.87¢ 23.59 +1.85b 20.85 =1.19b 18.45 +0.69b 15.84 +1.05b
CK 37.85+1.17a 33.82 +2.14b 34.67 £1.39a 29.99 £1.52a 30.37 £1.29a 24.42 +1.6la
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