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Fig.1 The effects of sowing time on the number of days in rice’s main fertility stage in rice-crayfish co-culture system
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Fig.2 The comparison of internode length of different rice varieties under different sowing dates
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Fig.4 Effects of different sowing dates on rice

yield in rice-crayfish co-culture system
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Table 1 The effects of sowing time on rice yield and its components in rice-crayfish co-culture system
0 o i B TR 3L TR/ g 4559:% /) % S PR/
o Lm( (H 7 /hm?) Spikelets 1 000- Filled grain (t/hm?)
Sowing date Variety . ] . . .
Panicles per panicle grain weight percent Harvest yield
L F Y Xiangyaxiangzhen 19.97Cc 84.51Bb 18.49Cc 89Bb 4.26Cc
1A KWL 953 Tianliangyou953 15.23Cc 99.49Aa 27.19Cc 92Cc 5.32Cc
The first
sowing date 2w 5 5 Ezhong5 18.15Cc 88.3A Bab 23.09Cc 92Aa 5.88Bb
KEAE 036 Tianyuanjing036 18.18Cc 70.94Bb 30.27Aa 83Cc 5.30Bb
Z& 4t 390 Taiyou390 19.63Cc 90.36Aa 22.78Cc 84Bb 4.78Cc
5 2 %% %% Xiangyaxiangzhen 27.12Bb 87.59 ABab 19.11Bb 90Bb 7.30Bb
The second . o B
sowing date KWL 953 Tianliangyou953 18.73Bb 105.67 Aa 28.39Bb 94Bb 8.79Bb
Zhrh 5 5 Ezhong5 23.55Bb 80.66Bb 23.98Bb 93Aa 7.37Aa
KYEHKE 036 Tianyuanjing036 20.97Bb 81.70Aa 31.82Aa 90Bb 5.94 ABab
R 390 Taiyou390 22.53Bb 93.27Aa 23.95Bb 93Aa 8.60Bb
P 5 ¥ Xia axiangz . f . a 75 Aa .75Aa
55 3 4% ] % FFY Xiangyaxiangzhen 28.62Aa 90.40Aa 20.75Aa 93Aa 7.75Aa
The third KW 953 Tianliangyou953 20.82Aa 109.25Aa 31.58Aa 96 Aa 9.46 Aa
sowing date 2eh 5 2 Ezhong 30.09Aa 89.68Aa 24.69Aa 81Bb 8.19Aa
KYEHKE 036 Tianyuanjing036 23.15Aa 86.93Aa 31.14Aa 92Aa 6.48Aa
F A 390 Taiyou390 25.75Aa 99.50Aa 25.72Aa 94 Aa 9.84Aa

T« [R50 BUE 5 A ) /NS 8 KB R 4r I AR TE 0.05 5% 0.01 /K E25 8%, F#EIR., Note:Figures followed by different lowercase

or uppercase within the same column mean significant difference at 0.05 or 0.01 levels.The same as follows.
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Table 2 Effects of different sowing time on rice quality in rice-crayfish co-culture %
ki ] i i k2 AR RASES R
Sowing date Variety White rice rate  Head rice rate Chalk white rate  Chalk white degree
% F#FE Xiangyaxiangzhen 82.83c¢ 71.76¢ 8.80a 4.57¢c
&1 KM 953 Tianliangyou953 83.28¢ 64.51c¢ 17.03a 4.47a
The first » - ) ) o
Sowing date 28 5 %5 Ezhongb 84.34b 73.89b 3.13a 0.60a
KEAE 036 Tianyuanjing036 85.80c¢ 73.54b 9.77a 3.23a
A 390 Taiyou390 84.29¢ 74.79¢ 10.43a 2.70a
55 2 10 B X .
i % ¥ #FE Xiangyaxiangzhen 85.36b 78.21b 5.40b 1.13b
The second o o
Sowing date KWl 953 Tianliangyou953 85.52b 75.60b 12.50b 3.87a
28 5 5 Ezhong5 85.77ab 74.52b 2.30b 0.53a
KU AE 036 Tianyuanjing036 86.93a 81.48a 8.90b 2.73b
4k 390 Taiyou390 85.20b 81.20b 8.50b 2.03b
K o 4 % %Y Xiangyaxiangzhen 87.11a 83.81a 2.47c¢ 0.53a
EHRE D ]
The third KWl 953 Tianliangyou953 86.83b 83.41a 5.8 b 1.50b
sowing date e 5 2 Ezhongs 87.40a 77.18a 1.33c 0.50a
KIVEAE 036 Tianyuanjing036 87.65a 85.30a 2.57¢ 1.87b
&R 390 Taiyou390 86.48a 84.10a 7.10 b 1.67b

3 i
31 WX MERXTAEAEYPX KTERMEKE
B

R — B 2K RS 1 — D EE N R, 5
SOTACRER F) A R AN SR g KRR 1 7= B R J5 3 25 7K
AR R MR 47 A — S B DRI . IR 481 4R 53 Dk AR A
ZEE KRR AR B R R ALK e
B 20k U B 1 2, ARBDRE A AR 2k X Bl B AR 32
GRS ZEE0 2 50K A SRR
K KREZEFEER AN H0 I L S5 08 R ) i i &
TR . 3 /KR 25 AT AN SR G0 e A LR RN SE
TR BRI A BT 524 2 5 AR L 43 A A
SRR 2 B g KRS AR A 32 B S OK A A B
i R AR A5G S AR BB A0 1 i 55 R 1 A
KA 5 T IR B AR Y A0 DR 5 RS B A s
il RV PR B8 G AR I 1A S R it an R 3 D7 =X it
AE &k L IRDE A3 A BOoK o 0 B AR T IR )
R A5 2 KA R G DR BRI BRI . S 1
G T AT SO REET X KRS A B 45 ok 16 4%
R IR AR . A R R 0 IR BE 53 W 7 ik

i#

5% 22 B 5 470 8 7 40 DG I56 55 2% VI 1) 2K R 25 FF 19 TE
B VERAEARED . BH A KR IR T A 5
JE A 5 R KRR 19 IF AN — 8 52 7K A A bk ik
1R T2 55 7K A 1 25 AT 1) P B oK A 25 FF 04 21 R 43
HRS, R AFENKEEARSZFES LR
PET 35— 20 1 B A L DA bk 3k vk I R K R 1 AR
F4) 2 6 P o 45 o 18 REL 7K R 25 35 351 ), B4 I =5 /1
] B &, BB A A s K R o AsI AR B8 7 s A B A A
7K R 2R L R L K R AR AR g ) R
7 S5 TN SRy K RGP AR T8 B 2R A S 5
PR O BT AR B8 1 32 Z5FF MR 10 R ) i 3
ABIFEXT 5 A K FE R R AH DG AR AR AT H AR
RIS BB AR ) A A g2 R R R
036, KWl 953 A=A 390 Y2 . Fi Al E 1 M L 4
59 09K AE A RS 5 SRR A FE . X TR-—K
e it o, 6 () 48 390 2% 42 B B4R RE T i AT 40 B
AL, R A /Y KUK 036 5 KFIL 953 7645 1 4%
W41 N ML BEIR 68 ) B 4 B B R 4R e IR
RE B WSS . A 2§51 558 3 4% 00 2% 1 1 Y 3]
RIGE A B 25, S0 5 SRS 2 FFI AR T
I Z L 390 18 3 N6 Z% 1 T B4R 45 BOs A



30 ISR LR N A = = g 4

%39 &

BEMEES.
32 WML MEEXTARBERAXN KBERMTER
= EH R E F 00

ENUFE STV R IO SN 1T
ol 4 77 A 24 A7 BT B, O HL 22 Sk B 2 K.
A WFFTAR R TR 2B A 7R 19 7 2 B 301 4
A BRI ER A Y B B 5T K R L A
f% 7 Bk I 7% 30 B0 4 ORI  AE A) E HA, J0 A i X
o 25 S 9 D DAL S R R RIOHE A i o i 7% 300 4 3R
SR AR 2 e 3, O H3E A9 1% 30140 BE Y
AT S ok 7K B 7 Ak 2 3 RS (R By S

MK 7 K R DR 2R 23 i 3 47 S0 A 4R
ZIFFELARPI 953 M4 ROHE . Tk 8 e 45 50K
YA s, H 28 5k B R 2 OK P 5K R Y
A A A B DR AR — T G R K B % 0D Y
AR B T A A (E 25 S5 O R 38 B R KR o]
PRGBS R PIL 953 #9771 19 1 2K
PR 7 o A RAORE L TORE B 25 52 R AL 390 B A AL
R LT 2 A 00 A A T4 o 25 S R A
AP SRR A5 SR 5 2.3 Ak A B A
IS B EORRCER SR B A % 0T B AR A B g L
225 I AR IR EN W F KL L B BRI 390 197 4
P R PR 2 A RO T RL TR 5 SR 5 5 AR IR
036 1A 0RE Bl 27 4 10 1) 3 38 29 A o 3 L 22 5+
I8 B A 3 K A RREORE BORT ok EE A B L 5
265 AN 2 Hoh R UFORE 036 1 45 52 5 i 4 15 1)
O RSB AT T T i 22 S 3K B 35 KT BORT A5
RSP 5 5 7 B R TN T R A RO R
KIUFHE 036 B~ A4 N T A O M AE 0% 45
AR ) BB AL A L 5 KR Rl A A TR
A B B BRI S F N 0 i o 4 0] A 938 AR A A
KETEEFAERKEY L 1.2 HIEZ R miR R
SGAH T RERE R A 8 5 52 W B KRS ™ 5 3 2 4R
S 30T 5 AT LA ARG A 0y 8 B 5 T A O DRAIEAE ) IE
A T AR K R T L AR S PR A R L
1.2 SRR KRS I AR KR B A 32 8% 45 KL
BT R EAR R B R B IE SR A 5 L TR
Wi 1 7K B 7
33 FMEMAMERXTAREBEHNBIHLERB/RA
i: A

RO il A G 95 2 B 32 i o AR B 3t A DR R A o

EZSNFS I SIUR- A R NI B 32 PO =P S0 B2
i) 32 B AE T K R O T I 4 2 3] BT Ak B R SR R R
[vi) o 8 7K R 1% 3% R B3 A ), O T 5 i) /KRR R K
JOT o A0 3 o A T A [ 475 0 0T R DK i T 1 5 ] s
B Bt R IR R KRR R A A
TR R, B RESHR T 20 A A Y K
a3 3 A A R L S BRI — R A R X TR
K i A 0. 23 PHAED IR 9T SR 76 K B
AR KR 9 2 11 2 32 495 0152 ) e KA R 4R v
T2 o v 2 AR AR U K R P AR AR N K B
TR R AR SR ST A R K R K A I
AP 5T K S 84 A2 B 0T S, — o R
IR R AT DA TR R R OK T O bR AR
FERIF 5 S 25 O 5 A oK A 7 B R B 4% 00T e oK
sty JOT ALt s A ] xR ORI 2 R 4 R %
01 RE B35 A K S R {H G T 22 S R A SR A
PRI 38 2 4 3R K 0902 A AL 38 BT DL A K B
AL AE X T H G 2 K RS o 4 R A 0T U)K R R
AN 3T H B A

AR 5% FE ARG UE HEAE 2R S8 P A 7] 4% 1 X AN [
e JBR R A K il BRI B WD 465 R 36 I L BE 25 4 100 1 #
R BTFHFES KM 953, KIEE 036 K& 2L 390
ARG K SRV R B T Ho 22 Rk 3 K,
ghrp 5 Sl RIS A% RIFREE B
L B TR AR 5 AN KRS & R i T R
P8 Tk . S A B AL B T R K A v
(NY 20—1986), ] LLE Hi 5 A~ 7K R & Bl (19 4 K %
FIVHE NG K 343K B — AR 1 5 5 A 7K B A %) 2 1
RN (i A B 0 A AR T R R 2 A B B
K-, SR 5 B A [ A A R R B
P2 S UL HER R ] .5 AN KRS & Rl S0 & S
) e o X B A A0 BT AR OK AR T (NY 20—
1986) AT A Y, HAGEH 5 5 3 AN &I &4 T 2 1
B FEIRB T —Hhr e, 2 FF 2 MK
036 19 13 AEHT 3 MBI B —Jbrife 7255 1.2
FEWIR B b, = 390 7646 2.3 & WIAF] —
BhRUE, RIIE 953 7E4 3 N FE IR B — Fbp i ;
FEE, HA SR 5 5 3 NI B ik 8] —9br i
SA T RLEE 3 DY P —Hbr v, 78
55 2.3 FEIWAA B Gohr e HiAl 3 AN OKAE AP 3 A



% 2

AT 2 IR AR AR TR 7S TR 478 200 X 7 A ™ ek 0 6 JB 1) 52 ) 31

BT Z Hbr . R IL, 35 4 4 3R 4% 1 Bk
FE— R WGEROR ST X 5 AR ZE D B Y
ZER

25 bR AR R AR AR R ECR, Bl 2 R 0 A
R, 5 A S KRG fb Bl 7= 82 | S 5T R 48 B A
AN TR R 2 1 4 o o AFLE: o 1 3R % 0 K R 1 e BB AR
B 10855 , 23 R A K R ™ 1 KU . AE 3 AR I Ak
AT, KWL 953 FIZE 4k 390 MK Fe = it R
B FLRAEFEL S8 5 5 K KIEHE 03655 4 5 Fh
w5 2 B LL A A 1) A Rl R URORE 036 . K B
953 M A& 390, fH KU HKE 036 19 4= 2 F WA AH X 4%
R N TE PR AR R A L 0D ™ S A R R BT K
et d A Ry R PIAR 953 FIZE R 390, SR 5 5 B Rt
{5 £R RE 7 8 55, AHR AR R AN LS8 Al A . PR L 36 B
FEf R e A A5 21 7K e Bl R 8 A 3900 R AR 953
FER R 5 5, FLK RS 55l ‘B 1 B8 AR Bl A 0 ke A
i),

£ Z ik References

(1] EREE W3Rl B L SR LT ] R 28 5, 2004
(1):45-46.WANG Y T, YANG F. Some understanding of the
modern agriculture [ J]. Agricultural economy, 2004 (1) :45-46
(in Chinese).

(2] e, B ARl A 7= v A7 76 1 m) B0 B 3 58 [T ] AL st Al
2015(29) :179-180.PENG W C. Problems in modern agricul-
tural production and countermeasures[]J]. Beijing agriculture,
2015(29) :179-180(in Chinese).

(3] B, AR AR 2 B, 20 B I 03 A% G A A 25 Rk SCWT R R 1Y
FEELAEWHISE.2016,30(6) :619-624. CHEN C,ZHENG
H B,HUANG H,et al. Rethinking of traditional rice-fish eco-
agriculture civilization development in the new period[J].Crop
research,2016,30 (6): 619-624 (in Chinese with English ab-
stract).

(4] BRI, ks, BUEM 55 A Ta) 3% 43 F0K 43 45 BT 2 % K A
BB AR aE 0 i 82w [0 R A 25 2 4. 2004 (4) : 646-650.
YANG C M,YANG L Z,YAN T M, et al. Effects of nutrient
and water regimes on lodging resistance of rice[ J]. Chinese
journal of applied ecology, 2004 (4):646-650 (in Chinese with
English abstract).

[5] AP, MM PR, 55 7R b b X8 ¢ 2 SR A 481 AR 1R 11y
WEFTLI]. vk BH Al K 2 2 4z, 2003 (3) 1 161-164. HUA Z T,
HAO X B,SHEN F,et al. Lodging traits of north Japonica su-

per hybrid rice[J]. Journal of Shenyang Agricultural Universi-
ty»2003(3):161-164.

(6] Wit HARME, 22000, 55 KB 25 FF JE 245 45 44 FRAF A4k 24
Sy 5 HUEIRSE R LRI VY LAY 241 . 2007 (11) : 2346-2353.
LUO M C, TIAN C T, LI X J, et al. Relationship between
morpho-anatomical traits together with chemical components
and lodging resistance of stem in rice(L.) [J]. Acta botanica
boreali-occidentalia sinica, 2007 (11): 2346-2353 (in Chinese
with English abstract).

(7] & BD AR BRP 5 KR 2250 5 HTEROC R i oF 5
AROTT WAL B2 ,2015,54(9) : 2054-2057. WANG Y, WEI
7Z W.SHAO P, et al.Research status on relationship between
culm characteristics and lodging resistance of rice[ ] ]. Hubei ag-
ricultural sciences, 2015, 54 (9): 2054-2057 (in Chinese with
English abstract).

(8] Jm. wEER,.KFE, F KB F QTL qHd8.1 19#5
A B[], A K AR RLE, 2012, 26 (1) 1 43-48. ZHOU Y, CUI
G K, ZHANG Y Z, et al. Fine mapping of a major QTL
qHd8.1 for heading date in rice[ J]. Chinese journal of rice sci-
ence,2012,26(1) :43-48(in Chinese with English abstract).

Lo 1 NikE, B mide, 15 e, 55 K RE Gl A B4R 35 80 QTL 43 #r [T ].
TE%: 42 . 2005 (3) : 348-354. XIAO Y H,LUO L H YAN X
Y,et al. Quantitative trait locus analysis of lodging index in
rice(Oryza sativa 1.) []J].Acta agronomica sinica,2005(3):
348-354.

C10] A= BH. 3 399 05 8 /o T X 7K et 7™ Sk IR K J5 109 52 i) B A=
HAHLHI D] R A el K %%, 2011, ZHU L Y. Effects of
sowing date and high day and night temperatures on yield and
quality of rice[ D]. Wuhan: Huazhong Agricultural University,
2011(in Chinese with English abstract).

[110 3088 4% W6k B G A8 ™ I8 65 i BT 52 m (D], 3 0 « 45 M
K22, 2015. WANG W T. Effects of direct-seeding date on
yield formation and rice quality[ D]. Yangzhou : Yangzhou U-
niversity,2015(in Chinese with English abstract).

C127 UWems an, o N0 o B 2 450 PR 458 A 24 TR o A6 oK oI5 3% Il 1) 1F 5
HEFE [J]. 40 V5 4Rl 2 4. 2006 (3): 155-158. YOU Q R.
HUANG T X,MA H M. Advances in effects of environmental
ecological factors on rice quality[J]. Acta agriculturae Jiangxi,
2006(3) :155-158(in Chinese with English abstract).

(137 B 77 B, e b AN R) A0 A 25 A5 10 0 AR i B ik 8 53 T
EEE N B T 5 4 LD b R K R B2, 2001, 15 (3) £ 28-32,
CHENG F M,ZHONG L ]. Ariation of rice quality traits un-
der different climate conditions and its main affected factors
[J].Chinese journal of rice science,2001,15(3):28-32(in Chi-
nese with English abstract).

(147 Z2 009 SCE TR, 45 AN WK R AR 5 W TR DG R [T .0k
BH Al K 2% 2 3, 2004 (4) 2 328-331. QIN Y, JIANG W C,



32 o Al R R R %39 &

ZHANG C,et al. Relationship between sowing date and quality [J]. Shaanxi journal of agricultural sciences,2010,56(1):9-11

traits in different rice varieties[ ] ]. Journal of Shenyang Agri- (in Chinese).

cultural University,2004(4) :328-331(in Chinese with English  [167] #f bk , 3522 M5 , Bk S, 55 R 55 55 i X A K b 525% mil f BF 5 i

abstract). JELI]. b [ #% K, 2017, 23(6):13-18. XIE C L, TANG ] P,
[15] #IBAR A%, T, 5 ARG I 15 AN RIS & AR K & 5 YAO Y, et al. Research progress on effects of cultivation

SR L) 1B 7Y 4%l 2%, 2010,56 (1) : 9-11.CHU X D, SHI J, method on quality of rice[J]. China rice,2017,23(6) :13-18(in

WANG Z.et al. Influence of sowing time on the quality on rice Chinese).

Effects of different sowing date on yield and quality

of high quality rice in rice-crayfish ecosystem

SHI Shijie ', LI Chunjie' , CAO Cougui'? , WANG Jinping' ,JIANG Yang'

1.Shuangshui Shuanglii Institute/College of Plant Science and Technology
Huazhong Agricultural University ,Wuhan 430070,China ;
2.Hubei Collaborative Innovation Center for Grain Industry ,Jingzhou 434025,China

Abstract Rice varieties including Xiangyaxiangzhen, Tianliangyou953, Ezhong5, Tianyuanjing036,
and Taiyou390 were used to study effects of sowing date on the growth period,lodging index, yield, yield
components and quality of rice in the rice-crayfish ecosystem. The results showed that the main factor
affecting the shortening of whole growth period was the delay of the period from sowing to jointing and
the lodging resistance of most rice varieties gradually increased with the delay of sowing date. Tianyuan-
jing036, Tianliangyou953 and Taiyou390 had good lodging resistance. The yield of 5 rice varieties in-
creased with the delay of sowing date. The main factors affecting rice yield are the effective panicle and
1000-grain weight per unit area. The brown rice rate, white rice rate of 5 rice varieties increased and the
chalkiness and chalky rice rate of 5 rice varieties decreased with the delay of sowing time.

Keywords rice-crayfish farming system; ecological agriculture; sowing date; growth period; yield;

rice quality; lodging index
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