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Abstract: In order to clarify the combined application of green manure cultivation and rice straw on the
growth and yield formation of machine-transplanted double-season rice taking Zhongjiazao 17 and Hyou 518 as
the experimental materials, an experiment was carried out during 2013—2014 with 4 treatments of different
cultivation practices namely, (i) CK, no fertilizer; (ii) CK+GM+RS, no fertilizer with green manure cultivation
and rice straw return; (iii) NPK, single fertilizer, (iv) NPK+GM+RS, fertilizer with green manure cultivation
and rice straw return. The results showed that compared with CK and NPK, the treatment of GM+RS could
promote rice growth and significantly increase yield of machine—transplanted double—season rice.Compared to
NPK, the treatment of NPK+GM+RS also significantly increased paniclees number, grains per panicle, yield,
ratio of productive tillers to total tillers, total of dry matter accumulation, LAl and CGR of MS in early and late
rice by 1.75% and 1.51%,1.82% and 1.46%,5.39% and 2.56%,10.38% and 2.08%,5.69% and 7.01%,5.10%
and 7.10%, 5.21% and 4.51%, respectively. Therefore, the combined application of green manure cultivation
and rice straw return could promote the early tillers during the early growth stage, and improve population
quality in the middle and late growth stages of rice and so that the yield of machine-transplanted double—season
rice could be significantly increased.
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1.1 K IE R

RIS T 2013—2014 476 VLV 24 VE I A o0 sl i I 78 6 (AR 28 115958, b4 2826 ) iF AT, 1%
b DA, 780 1 35, SR %) I RS T T e AU S, A TR R SR, Z24F (1978—2016 4F ) °F-
YR IR A 17.7 C, R A 1 528.1 mm 50 b A 3580 o BUME B IR + | 056 A 116458 4 58 (0~20 em)
(A FRAL MR H 325 T 1.213 g/em®, pHS.47 , H HLJ5 23.61 glkg, 2% 1.41 glkg, 45 0.36 o/ke, lfF A
92.28 mg/kg, AL 3.47 mg/kg, MR 167.48 mg/kg.
1.2 RiEIT

RIS B 4 AR FE : OXHR(CK) « 4 PR, HLAIOH i A B RS AT 438 th H Rk J, AN AR s @A
it AL AT+ 2 AE A FH +F8 53 FH (CK+GM+RS) : & Tl 48 2585, i MR ISR e R R AP R 2 i Rtk
JEL s B EATIAL AL (NPK) « & 0N, MUK 5 A B s FF 4 A% H FH [B) R P A 0B 80 T it s DA A + 2 A
i FH+FEFLA FH (NPK+GM+RS) : &R 5 2 0%, L B RSCIR 5 RS RS AP R i 4 ik H AR A SE0mi 0 1 o 2
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Hiz 0 XS A SR . 350K K XK, /NX AL 200 m?, AR R B3R E R . LIEA
Tt A0 ) i P 7 2SR U2 R A A it A 0" B B2 i 405 4 180 kg/hm?, 4% m (FEHE) = m (53 BEAE) -
m (AR ) =5:3: 20 s BEAE (P,0,) 4 67.5 ke/hm?® , ACEERE — YR it 5 B0 E (K,0) 9 150 kg/hm?,
Fi m (FEAE) m (BEAE) =9: 11 jifi ] .

AbFRQ @ FPHE L8 2T 5 Bl AT RM”, T 2013 49 A 30 H #5218 30 kg/hm? (4% Fh i 2 51 80T
T, 2014 4F 4 7 2 H ¥ 48 2 S o fBE A H, BB e S0 2 &b B A 5% 25 0 ff 5 7 i 43 1) Ry (32.25+
1.77) t/hm* F1(33.80+2.83) t/hm?, fif B Hp 38 4 o 5 1t 9.50% , V-4 57% 730 % 1 0 A 3.33% 185 0.20%
B 3.78% ; b FQFN @) 1 R He ik FH - BEA CRF — B0, T R AR ATLAR K 1 [) B s A B DTk L, N 0K
HARHII ), R J5 ZHHER AR AUERE A £ o WSl is 52 2 b R B R RS 0 B 20501 R 5.92 t/hm?
F16.19 t/hm?, - 35 3% 43 & & MK 38.75% F139.91% R 0.72% F1 0.75% H 0.09% F10.11% £ 2.02% F
2.05%.

WL R RS A R L 2Z-455 TR BRI LA B, R4 %% B 30 om M123.8 em FEAEATHE , BRI A il
76133 em. B AR AEA S A P s 7 MH AL 518, BAE T3 A 24 HEF, 4 A 17 H HULMIE R,
7 H 11 HUSCEN s e g T 6 H 28 HEE RN, 7 H 20 HALAIEARL, 10 H 20 H Y HIM ™=, &b BRI H 7 =
FIGEAEAS R A, HoAth A3 BERS PR — 3
1.3 MEmMBS5AZ*

1.3.1 AFH i FEA T AW (transplanting stage, TS) .43 BEW] 1] (early tillering stage, ETS) |
A aia| (panicle initiation stage, PIS) i fe 1A (heading stage, HS) F1 82 (mature stage, MS)., Hr,
R AR -4 A A AL 10 A BRI, SR A —Rb R S A= 5 o 0, B R - U S A S

132 E#EHE ESRE/NX T, 2 S 20 HAER 1A WE A, B/ IR AN WE S E N ES . Al
PG B 5~7 d A 1 IREEEERL, 2 28R E M k.

133 FTHR FAEKRER T @AREHR S5 TR BRI 2o A Al R b 45 b
FR B HURE S 8E  BEAR BYBR 5 #2225 o AR 4L, 75 105 °CF AT 30 min, 80 CHE R [H i, B HIG K
BT E, R TY R 2 AR KR (crop growth rate, CGR) |, [A]As} 42 B /N 51 0 1530 1
FRIEEU (1eaf area index, LAI) .

1.3.4 FERAAMARREE  BAIIRA FSEA/NX B A 120 31, TG 0L AR 3R - 348 RO AL
W5 BEHEAT 2 | 25 SRR A5 IR TR i 5 53 A A BRBE ML I 3 A, B ) 6 m? I 2 S PR
i

1.3.5 A KIsAReyit Hoy ok R =T RO R 04 2R BEEX 100% (1)
Wz - Wl

CGR = 2

T (2)

K (2, CGRATEM K Z (gm?-d) ;s W, F W, AT 5 2 Wl /914 B & (vhm?) 5 T, 7 T, R RIS 2
Y 72 B HsHE] (d)
14 Sitoh

K H Excel 44 BEECHE 55 i &, 12 F SPSS 17.0 544X B0 647 G0 K 06 F o 22 500 o Tl —4E45y
AN T A B 27 ) i 22 L AR P /D S B MRS 56 ( Duncan ) 15, DU R)/ING FRE R 15 31 P<0.05 3 4 5
KV T BRI R E2E

2 HBR5HH

21 SES5WERATHAXNEHIEE S ERENZIG

KRGS BEH K B SR AK AR A S MA R B — D EEIE bR . SEEHUIRFE L BE s S A 45 R (E 1)
FEH LA R 5 A B () 2R BE BB R R UG B TS RISk B . AL IR A A B ) BB 2R
BERCAE A [F 2 B i 28tk — 3, th 2 3]0 1 K I NPK+GM+RS \NPK . CK+GM+RS Hl CK., F 77
NPK . CK+GM+RS . CK Ab 38 () 22 BB ML IS 55 15 KIT IR 9 25 55, IR AR50 43 Rk & K, 1Mif NPK+
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GM+RS Ab P73 B2 BH I8 38 RT3 381 g W 9 e (R B FG 43001 5 o, BRAABILIS 55 10 KA1 38 X ; B A 40 BE B g 14
IR 2 = W A S (B 23301 A AR5 55 10 R AN 42 K o B (B NPK+GM+RS &b £ (1% 157 16 ZE BE 0 NPK A2 75
SN 1.08 4>/3 1 2.53 /8, CK+GM+RS Ab FHAE CK AL FHSE 23 534 0 1.324N/38F1 1.72 4> /86 . 7] Ul , 4%
JIE 5 48 FLHK A 0 HRE % 8 LA S 6 A Y v e 2R A, TC it AR AR E D A R T A AL A LR 0 BE
Kk,

b BEFS Late rice

a 5L Early rice 25
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Fig.1 Dynamics of double rice tillers number under green manure cultivation and rice straw retention treatments

SR S AE RS I AR EE T ARG R A S BE S R (3R 1) A L CK AR, A8 CK+GM+RS 4 31

e U 2R B A AR BE A BERE (ORI I N 17.35% . 24.04% . 21.43% . 5.70% , A% 535138 il

13.70% .18.13% . 17.24% .3.90% , H Ab P[] 22 5 735 3 1 35 /K F- 5 5 NPK AL FRAH LL , 7 e f NPK+GM+RS

Ab PG e e R BEAR A A CEBEA A BRI KR MU R W R, RS 4 0 B 0 7.18% . 18.37% .

11.76% . 10.44% , B R 43 554 i1 11.62% . 13.92% . 12.50% .2.07%., 5 CK kb FEF1 NPK 4k FEAH 1L , HA48 CK+
GM+RS AL HI NPK+GM+RS H 4 BE N MR I P REAIG, WA I o 25 4 v
1 ZRSBETHNNEESEREHZM

Tab.1 Effects of green manure cultivation and rice straw retention on tiller—earing of double rice

5 e Rk IR EER  MRARCEREE BRSO JrEE TR R/ %
Vi
M Number of peak ~ Number of effective  Increase rate of  Decrease rate of Ratio of productive
Year Treatment
tillers per plant tillers per plant tillering per day tillering per day tillers to total tillers
FR CK 7.61 + 0.05" 5.99 +0.16" 0.14 + 0" 0.05 £0.01° 78.71 + 1.54"
Rarlyrice  cgiom+Rrs 8.93 +0.23° 7.43 + 0.06° 0.17 + 0.01° 0.04 + 0.01° 83.20 £ 2.51°
NPK 14.77 + 0.25" 10.07 +0.12" 0.34 +0.01" 0.13+0.01* 68.18 + 1.31"
NPK+GM+RS 15.83 + 0.29° 11.92 + 0.14° 0.38 £ 0.01* 0.11 0 75.30 £ 0.47°
[ CK 12.63 + 0.22¢ 7.28 +0.19° 0.29 + 0.01¢ 0.13 +0.01" 57.64 + 1.75"
Laterice  cx.GM+RS 14.36 + 0.06° 8.60 = 0.10° 0.34 = 0° 0.14 + 0.01° 59.89 +3.91°
NPK 22.04 +0.23" 13.86 + 0.12" 0.56 + 0.01" 0.21 +0.01" 62.89 +2.21"
NPK+GM+RS 24.60 + 0.19° 15.79 + 0.21° 0.63 +0.01* 0.22 +0° 64.19 + 3.08°

2.2

FIESFEEE AT B X WEIHTEM mARE L (LAT) B2

- Th1 AR B (LAD) 2 W FE AR R A ™ B iU — 2R R , REUSSRAEA AR A 9 A ROIR DL L B

FERERFRAE O . I 2 0T LIE B A 45 b B 1 AU B sh S A A a3 AR — 30, YA B bR Y
e B A LTS T R AR AR B AR SRR I8 B R, L RS CK+GM+RS Zb B (d5 K LA N
2.53F13.91) % CK L343 3 i1 8.48% F117.76% , NPK+GM+RS &b 3 (#5: K LAI 7 5.88 F116.67 ) ¥ NPK &b 3
S3M3E N 7.20% F18.58% . - WA 5 Ak B i T RR 8 BULE 45 A B I 3R LA NPK+GM+RS>NPK>
CK+GM+RS>CK, 78 i), F. 1 A% CK+GM+RS &b 3 4 LAT 43 %1 24 1.27 F12.90, 48 CK Ab B 43 51 48 fin
9.25% H17.54% ; NPK+GM+RS AT ) LAT J3 3.92 F14.07 , % NPK ZLFH43 511541 5.10% F17.10% .
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Fig.2 Effects of green manure cultivation and rice straw retention on leaf area index (LAI)of double rice

23 ZEBESBEBRASTHNNESIERTYRAEZNZMm

RN SRR R G O AR ACZEAS T PR 877 A — e 52 (3 2) , 5L R AR 25 A 3HLE T4 o i e
KENNEF PN NPK+GM+RS \NPK . CK+GM+RS F1 CK , H A [a] &b 3 7] 22 5 ¥ 3k 1) | F /K. 5 CK b3
FHEG, 5 B RS CK+GM+RS Ab (1) 534 5 52 43 7 34 1 0.64 t/hm® A1 0.82 v/hm?, 34 1§ 4351 >4 10.05% F1
10.83% ; ¢ NPK AL FRAF L , B W A NPK+GM+RS A0 H {1 5 9 57 & 43 )48 011 0.79 t/hm> A1 1.01 t/hm?, 34

B4R 5.69% F17.01%.

SRR AR BRS84S . RS & A B R B T B AR R e, AN [m] A B pR DR BN A
A NPK+GM+RS \NPK . CK+GM+RS I CK., B A A= K i 01 (RS Ak -4 B 44k 00) Fn rp 3 (4l o3 Ak ) -
FAE ) 4 R B R T T Y L B A CK+GM+RS>CK \NPK+GM+RS>NPK, 1fii 4= & J5 ]
(Al At — B0 ) I L 30 CK>CK+GM+RS . NPK>NPK+GM+RS., W& L F B T i 24 &
PR EA T I, R R ST a0 53 3R 44.37%~48.45% F134.529%~39.37% .

2 WENIEBARMEFHRARES LA

Tab.2 The amount and proportion of dry matter accumulation in different

SRR |@Jmma WA | W
HS MS

periods of double cropping rice under machine-transplanted

B2 il A RE S A R hRE Y] - B

TR TS-PIS PIS-HS HS-MS
= Jis: ] - f
t-hm HEE/ TR HEE/
Year Treatment : L 46/9% L 41/9% L 4/9%
Total weight (t-hm™) B/ (t+hm™) e (thm™) b
Ratio Ratio Ratio
Biomass Biomass Biomass
EeN CK 6.37 + 1.05° 1.69 + 0.02¢ 26.53 1.75+0.02' 2747  2.92+0.02' 45.84
Early rice o oM4RS 7.01 +0.93° 1.89 + 0.03¢ 2696 2.01+003 2867 3.11+0.06° 44.37
NPK 13.89 + 1.06" 3.29 £ 0.01" 23.69 3.87+0.02° 2786 6.73£0.42" 48.45
NPK+GM+RS 14.68 +0.16" 3.49 £ 0.04° 2377  4.11+0.05° 28.00 7.08+0.98 48.23
R R CK 7.57 +0.27° 1.87 +0.07* 2470  273+0.09°  36.06 2.98+0.11" 39.37
Laterice o, GM+RS 8.39 + 0.85° 2.09 + 0.04° 2491  3.09+0.06° 36.83 3.21+0.06° 38.26
NPK 14.40 + 1.41° 3.99£0.11" 2771 532+0.15° 3694 5.09+0.14" 3535

NPK+GM+RS 15.41 = 1.14° 4.31 +0.04° 2797 578 £0.05*  37.51 5.32+0.35" 3452

24 ZESWEBKATHMVBENESHBEEEKE(CGR) RN

BEARA KA (COR)IRBL T /KRG T4 o ot ) SRR 5 SR A de /K R B R o e ) T 4 450, I 3
HE— 2T e i B R A B R B TR AR K e AR B R AR R Rtk R EAEF R
WAk B ek, HAS ] Ab B3 5 RREAA AR 1 R 43501 K 23.61 g/ (m?+d) (NPK+GM+RS) .22.44 g/(m*+d) (NPK) .
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10.37 g/(m?+d) (CK+GM+RS) \9.74 ¢/(m’+d) (CK) ; MU AN LA B AR R e b, AR RS A K 53 5]
$322.25 g/(m*+d) (NPK+GM+RS) .20.49 g/(m*-d) (NPK) .11.89 g/(m?-d) (CK+GM+RS) ,10.49 g/(m*-d) (CK) .
MU RS A B W BOR RN B B A KRt R B)/INY R NPK+GM+RS \NPK .CK+GM+RS fil CK,
AR 3 ] 2 S 23R B b 2 KF- o ZETCIEAR0E T FUAA R A CM+RS ARSI b 5 IR A K 325530
14 10.56,1.28,0.63 ¢/(m?-d) £10.73,1.40,0.61 g/(m?-d) , 3 W5 551K 11.57% . 14.60% .6.47% F1 11.72%
13.35%.7.57%; T HtAL R A5 04 F  HLIF S I RS GM+RS ARBR AT b 5 TR (A= K 300 338 1 055, 1.25,
1.17 g/(m’-d)F11.06,1.76,0.62 g/(m’-d) , 31 735514 5.84% .6.46% .5.21% F117.96% .8.59% .4.51%

30 OcK B CK+GM+RS ENPK NPK+GM+RS

25

— [
w <

Crop growth rate
=

BEERKR(gm®dh)

<

W45 Late rice

FLHS Early rice

€3 5 e B ad X R A A KR A SR

Fig.3 Effects of green manure cultivation and rice straw retention on crop growth rate (CGR)of double rice

25 ZESTWERAEBEXNEVEESERGNEFRIRMm
R L5 R RIS 0 T RS I SO LA e i (58 3) , ZE AN AR AL 26 T, - e A CK+GM+RS
Ab B CK AL B 7= 1 43 B3 10 0.24 kg/hm® 1 0.29 ke/hm?, 73 5142 i 8.57% 1 6.71% 5 76 5L jis A6 T 7% 1F
T, A NPK+GM+RS ZbF4E NPK AR B 7 522 3 5113 /1 0.44 kg/hm® F10.22 kg/hm?, 53551142 55 5.39% Fl
2.56%; 77 253 M BT, . (WG 4% A AL 1] ik 25 S K ) W 25 K-
*3 FIEESWEKSEEMNYUENEE~ER~EMME R0
Tab.3 Effects of combination of green manure cultivation and rice straw retention on

grain yield and components of double rice under machine—transplanted

&l fb g AR/ (10 hm™) FERERIER BESLAR % TR Bii/g 77/ (t-hm™)
Year Treatment Paniclees number  Grains per panicle ~ Seed-setting rate 1 000-grain weight Yield

LRy i CK 128.32 +7.99* 93.33 +4.33° 93.57 +0.91" 28.07 +0.19" 2.80 + 0.24"
Early rice CK+GM+RS 139.63 +2.42° 102.33 + 4.26" 94.52 + 0.32° 28.30 £ 0.42° 3.04 £0.13°
NPK 232.43 + 4.02" 139.72 + 1.85° 91.51 = 0.38" 27.71 +0.17" 8.17 + 0.04"
NPK+GM+RS 236.50 + 2.59* 142.26 + 3.30° 92.45 + 0.66° 2791 +0.12" 8.61 £ 0.15
WA CK 185.64 + 5.74" 99.25 + 3.65° 92.44 £ 0.92 27.42 +0.82" 4.32 +0.15"
Late rice CK+GM+RS 193.62 + 1.14° 103.38 + 4.86" 93.45 £ 0.73" 27.46 £ 0.15° 4.61 £0.15°
NPK 311.42 £ 6.70° 115.17 + 1.62* 88.08 + 1.46° 27.24 +0.96° 8.61 £ 0.56"
NPK+GM+RS 316.12 £ 8.75° 116.85 + 3.11" 90.71 + 1.31" 27.38 +0.64" 8.83 £0.11"

PR R R T AR (3R 3) R, RUZ=HLId R 25 Ak BHLEALAS7. 1 AU OB SO 3 ROk 25 hy 22 311/ 33

LK NPK+GM+RS \NPK . CK+GM+RS F CK, i % 52 5 Fl T-hr Jot 2 B R F) /N 3R 31 CK+GM+RS . CK
NPK+GM+RS #1 NPK, 5 CK AbHAH . , CK+GM+RS Ab 3 25 580 1 5 06 A A7 250 R 8k (4 0 8.81% Al
4.30%) R FERLE (HE R 9.64% F1 4.16% ) F4E5 523 (B 1.03% F11.09% ) , {H T4 57 5 38 I RCR A i 2
(915 0.82% F10.15%) ; 5 NPK Ab FRAH Lt , A% NPK+GM+RS 4b 35 (1445 25T | A Febober B L 45 52 % T br
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Jo i 4 BN 1.75% . 1.82% . 1.03% F10.72% , W A8 43 534 i 1.51% . 1.46% .2.99% F10.51% , H: v A5 50 Ak
BRI A SR ISR A B 2 K, TR B I SUR AN 3 . 258 Wk E , CKEGM+RS 4k
PR NPK+GM+RS 4b 3 5 25184 7 ) 32 B R Ve T v 1 A SO ARk

3 i #
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