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B AR 4. 5C, 24 = 10°C A1 30F-R 2 700°C
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IRIGIE 1A HLHE R AL 33 AN K AL B D
K HEBE (XTI, CK) (IR BREE R T D, A
PRERAE T . 1) AR 2R 75 1 .4 BRI A0 3R HIAR [R]
(R 5 3K, FE K2 (0 ~ 20 mm) 52) 43 HE . /K HE
WE/INDX R T AR G i R e v 5 =X ] 7K A7 G 2 A 4
£ 100 ~ 150 mm; [A]BEBERE 7 ~9 d #EK 1 K, BIK
HEZK 50 ~70 mm, ffi AL 20 ~40 mm /K2, A RTE
T HKZE4~5d, KE3 ~4 d, RREASHE 0 1 4b
PR SAT R AL, o A R R JS F ) K 2 R AR
TE 30 mm Z2 A7 EE 1 AR BRSAT 8 BHE IR, 2 B N
S W RIK 2R B RETE 15 mm 247 ;3) KFEAEE
A (PRCTT R AT AR LA EE 1 E 1
Ab SR R B TR Ak B (LS A A R, 0 1 K2
UREEARFFAE 30 mm A2 47, 50 1 K2 VR BE AR FFAE 15
mm ZE 47, FLACGKIA 8 H Ay, WE 7K HE R | (] s |
P T U T Ab P 4R N T HEAK AR T, 4 S Ab RS R
FH 8 R TR B AN HE K B8 PR it . i/ N IX PR BATEE

I T 2016 4F-4 H 15 HEFP,5 A 18 HiffL, i
A HAE | AP 30 em x 13 em, FEFL X A HES , B4
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(panicle length, PL) . A % ## % ( productive panicle
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Table 1 Effect of different irrigation regimes on number of rice tillers under straw returning to field

E| SFBERL Number of tillers/ (tillers - plant =!) SRR
Ttems AYBEI TS Zail] BS R FS FA MA Percentage of productive tillers/%
/K Flooding irrigation 14. 75a 16. 42a 14. 63a 13.88a 83.61a
[A) BRI Intermittent irrigation 15.67a 17.33a 14. 54a 14. 04ab 75. 62ac
# 1 Control irrigation | 16. 38a 16. 96a 14.79a 12. 79abd 69. 09he
#HET Control irrigation IT 16. 63a 16. 79a 15. 50a 11. 63acd 68. 12bc
FHI{E Average value 15. 86 16. 87 14. 86 13.08 74.11
FR1fE2% Standard deviation 0. 84 0.38 0. 44 112 7.16
A5 RELCV/ % 5.31 2.25 2.93 8.55 9.66
T FFUR R RE R 22 5 B (P <0.05) , T,
Note ; Different letters in the same column mean significant difference at 0. 05 level. The same as following.
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Table 2 Dynamic of dry matter accumulation during different growth stage in rice

FeRR B2E T )

L SLVEN Dry matter weight per plant/g
Irrigation regimes
Iy BE] TS Z24) BS FEHRE FS A MA

W /KHEBE Flooding irrigation 0. 56a 1. 48b 2.56a 4.32a
[E] Bk HEE Intermittent irrigation 0. 66a 1. 70ab 2.54a 4.27a
HE T Control irrigation [ 0.58a 1. 73ab 2.72a 4.40a
FEHET Control irrigation TI 0.67a 1.90a 2.59%a 4.43a
SEIIME Average value 0.62 1.70 2.60 4.35
FrifE2% Standard deviation 0.05 0.17 0.08 0.07
SR CV/ % 8.79 10. 18 3.11 1. 68
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B R R . T TS B i Bk A , 43 L 2

BETYR
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Fig.3 Distribution of dry matter in organs in different growth stage
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Fig.4 Distribution rate of dry matter per stem in organs at different growth stages
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Fig.5 Characteristics of dry matter transport in rice under different irrigation regimes
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Table 3 Rice yield and its component factors under different irrigation regimes

Wy = EERG Y =3IS HEIORAL RN AR g5 T 7 GY
Irrigation regimes PPN/~ PL/cm FGP FGN SNP SSR/% TGW/g  /(kg-hm~2)
VRS 7K TR T Flooding irrigation 13.38a 20. 66ab 138.33a 9.29b 147. 67ab 93. 68a 26.95¢ 8 656.72b
[ B HEE Intermittent irrigation 14. 04a 21.07a 136. 58a 9. 89b 146. 48 ab 93.30a 27.21a 9 088.92a
#E T Control irrigation | 12.79ab 20. 41bc 133. 96a 8.85b 142. 81bc 93.59a 27.05b 8 484.87c
FEHE T Control irrigation II 11.62b 20. 88ab 138. 52a 15.77a 154.29a 89.92h 25.06d 7 727.19d
XA Average value 12.96 20.76 136. 85 10. 95 147. 81 92.62 26.57 8 489. 43
Rl L 1.03 0.28 2.11 3.24 4.79 1. 81 1.01 568. 16
Standard deviation
A RECV/ % 7.93 1.37 1.54 29. 60 3.24 1.95 3.80 6. 69
A Variety 5.75™ 18. 42 ™ 37.58 ™ 6.44 ™ 36.71 7.24™  1537.86™ 1324.74™
FAH . %T ﬁit 4.03" 1.87 0.59 12. 15 2.78% 9.58™ 1047.21* 1173.37™
Irrigation regimes
F value
R x _ _ )
B x BT 1.61 217" 3.65™ 2.66 ** 4.26* 226 218.14™  512.81*

Variety x irrigation regimes

W, A RIFERTE 0.05 #10.01 KF FERBE, T,

Note: *

3R 4 W RS FRE H 20N R [RIE I 7 =6 AN
[7] it o 7 B AR B IR 1 B 52 i) A RUAR TR) , 76 7=
T, VR g XO0T i A L A P 5 i ) SR A 2 KO
Hrp DOpRG 22 PR 2 o3RRS 7 7 R EORE I
e R, K O KR , 3 5 v A o AT b R —
B, MORAERE 2 JeRE 26 AT 14 JeRE 17 43 7RSS EE
PERE 1L VE K BETR T 77 i di e, 3X B2 S Rl By
PR ) 5 76 7= 14 B R O i, EE D SRR 7 1Y
A RRECY W k  EKOF W RG22 R Rk 3 e E

, ™ mean significant difference at 0. 05 and 0. 01 levels,respectively. The same as following.

A 2 A RE R ) 2 S B2 R AR A 3 KSR R AR 22 0
TR 2 JERE 17 B RERRSOR B 52 e 22 57 3K 0 25 O
RFKN R T RE 22 P KE 2 e e T R0 AR R R AL
RS K A 25 R S KR W e A 22 e A 2 e
7 e 17 RO KA R R Kt 2 A 2 K
- XA 22 FPORAE 2 JEAR T BSE SR B R IA R
Y& /G SO R Sn T L A RE5F - A IR BN
W F K

%4 FESMKEFEREMAET

Table 4 Rice yield and its component factors under different varieties

TR FE A WH BREE HK BESON RN BRI 45Tt THE e GY
Rice variety Ttems PPN/ PL/cm B FGP  #{FGN SNP SSR/%  TGW/g  /(kg-hm™?)
JeA 22 WK HEWE Flooding irrigation 17.00a  20.32a 116.17ab  7.00b  123.16a 94.36a  29.67a 9 679. 84h
Longdao 22 [ BHEMR Intermittent frrigation  17.00a  21.20a  125.33a  8.33b  133.67a  93.38a  28.43h 10 580.29a
5 1 Control irrigation T 12.33a  18.86b  91.33bc 10.83b  102.16b 89.6la  29.467a 8 797.73¢
#HE T Control irrigation 1T 15.33a  20.97a  107.17b  24.50a  131.67a 81.74b  27.53c 8 420. 86d
SE-HI{E Average value 15.42 20.34  110.00 12. 67 122.67  89.77  28.78 9 369. 68
PR Standard deviation 2.20 1.049  14.49 8.05 14. 40 5.73 0.99 964. 21
A RECV/ % 14.27 5.16 13. 17 63.53 11.74 6.39 3.44 10.29
F{H F value 1.36 7.22% 6.79%  9.79* 6.31°  9.69* 219.89* 190.79 ™
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x4(%)
TKAE =] ARER MK OESOR SRR EBRERE S0k ThE e GY
Rice variety Ttems PPN/4>  PL/cm B FGP  #{FGN SNP SSR/%  TGW/g  /(kg-hm™?)
rhole R 2 WK H#EBE Flooding irrigation 11, 67a 19.38a  189.33a  9.50b 198.833 ab 95.23a  26.00a 10 275.97b
Zhonglongiing 2 i i b Tntermittent imrigation  12.33a 20.45a 203.00a  15.00ab 218.00a  92.87ab  24.43b 10 751. 21a
FEHE T Control irrigation | 11.00a  20.88b  180.83b  7.33b 188.17b  96.15a  25.57a 9 085.37d
FEHETL Control irrigation II 10.33a  20.25a  180.50a  18.83a  199.33ab  90.73b  23.67c¢ 9 624. 81c
M Average value 11.33 20. 24 188.42  12.67  201.08 93. 74 24.92 9 934, 34
FRifE% Standard deviation 0. 86 0.63 10.55 5.23 12. 40 2.44 1.06 730. 42
TR CV/ % 7.59 3.11 5.60  41.26 6.17 2.60 4.27 7.35
FAH F value 0. 46 0.41 1.32 4.09" 1.76 3.81%  104.38* 598.15 **
IR 3 WEKHEME Flooding irrigation  17.00a  18.88b  127.16a  7.66a  134.83a  94.1la  24.13b 9 361. 34b
Zhonglongjing 3 )
(] BKHEME Intermittent irrigation  15.66ab  21.25a  149.50a  12.17a  161.66a  92.96a  23.83b 10 475.23a
PEHE T Control irrigation 12.67b  17.80b  130.00a  8.67a  138.67a 93.89a  24.46a 7 029. 34d
FEHET Control irrigation II 13.33ab  19.48b  148.00a  9.00a  157.00a 94.54a  22.03c 8 214. 94c¢
I Average value 14. 66 19.35 138. 67 9.38 148.04  93.88 23.62 8 770. 22
¥R Standard deviation 2.02 1. 44 11.72 1.95 13.27 0. 66 1.09 1482.73
R RBCV/ % 13.76 7.46 8.45  20.75 8.96 0.71 4. 60 16.91
FAE F value 3.06 6.63 " 1.14 0.61 1.16 0.24  127.88* 654.59 **
e 2 WK HEBE Flooding irrigation  13.00ab ~ 22.16b  115.50¢  5.50a 121.00b  95.36a  27.15a 7 343.29b
Longxiangdao 2 i Tntermittent irrigation  10.00ab  24.05a  149.33ab  9.33a  158.67a  94.25a  26.767a 8 381.69ab
EWE T Control irrigation I 14. 00a 24.67a  152.00a  6.00a  158.00a 96.20a  27.47a 9 872.43a
FEHETL Control irrigation I 8.00b  23.37ab 131.17bc  7.33a  138.50ab 94.72a  21.80b 5 460. 23¢
A Average value 11.38 23.56 137. 00 7.04 144.04 9513 25.90 7732.02
FRifE2 Standard deviation 2.75 1.07 17. 06 1.71 17.98 0.85 2.68 1 853.95
BRFECV/ % 24.19 4.55 12.45  24.32 12. 49 0.89 10. 34 23.98
F A F value 2.54 6.16*" 7.08"  1.71 7.02* 1.0l 22.09 13.1"
ek 7 H#EKWEWE Flooding irrigation  13.66ab ~ 20.80a  143.00a  11.83a  154.83a  92.34b  28.80a 8 817. 74b
Longdao 7 pie X8l 17.67a  20.47a  117.50b  4.33b  121.83c  96.48a  28.43b 9 674. 84a
EHE T Control irrigation I~ 14.00ab  20.25a  122.50ab  4.66b  127.16bc 96.37a  28.87a 8 346. 67¢
FERET Control irrigation I 11.33b 20.47a  132.00ab 12.17a  144.17ab 91.19b  23.40c¢ 7 065. 20d
FIMH Average value 14.17 20. 50 128.75 8.25 137.00  94.10 27.38 8 476.11
Fr#fE2% Standard deviation 2.62 0.23 11.24 4.33 15.23 2.73 2.67 1 089. 51
A SERBCV/ % 18. 48 111 8.73 52.54 11.12 2.90 9.71 12. 85
FAE F value 4.33* 0.17 2.57 9.08** 513" 5.85*1 104.86 * 1151.55*
JeFe 26 #KHEE Flooding irrigation 9. 67a 20.83a  126.00ab  5.67a  131.67ab 95.62a  27.50a 6 776.72d
Longdao 26 ) BKIEME Tntermittent imrigation  13.66a  20.55a  115.16b  8.33a  123.50b  93.26a  27.66a 7421.21¢
EWE T Control irrigation I 12. 66a 20.00a  136.66a  10.50a  147.16a  92.83a  27.26b 7 954.81b
FERETL Control irrigation I 13.33a 20.08a  133.83ab  7.16a  141.00ab 95.03a  27.50a 8 400. 87a
-2 Average value 12.33 20.36  127.92 7.92 135. 83 94. 18 27.48 7 638. 40
FRifi2 Standard deviation 1.83 0.39 9.62 2.04 10. 40 1.35 0.16 700. 27
A RBCV/ % 14. 80 1.94 7.52 25.76 7.66 1.43 0. 60 9.17
FAH F value 2.45 0.33 2.16 1.06 2.39 0.88 6.95*" 187. 63 **
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m4(45)
KA i T H ARG B HSOR Rk MR A9k ThE e GY
Rice variety Ttems PPN/A~  PL/em  ${FGP  %UFGN SNP SSR/%  TGW/g  /(kg-hm~?)
A 14 WK HEIE Flooding irrigation  12.33ab  21.58ab  147.50b  16.16b  163.66b 90.07ab  26.26¢ 9 317.99a
Longdao 14 [ BKHERE Intermittent irrigation  11.00ab  20.83b  132.16b  12.00b  144.16b 91.55ab  28.10a 7 600. 47h
EHE T Control irrigation I~ 13.33a 20.96b  135. 66b 9.50b  145.16b 93.67a  26.60b 9 300. 48a
FEHETT Control irrigation II 8.66b  22.35a  168.33a  29.33a  197.66a 85.55b  26.06¢ 7 518.75b
- Average value 9.55 17.21 117.16 13. 61 130.61  72.34 26.75 8 434. 42
FRifZ Standard deviation 2.01 0.69 16.32 8. 82 24.99 3.43 0.92 1010.72
RRECV/ % 21. 12 4.02 13.92 64. 85 19.13 4.75 3.44 11.98
FAH F value 2.45 0.33 2.16 1.06 2.39 0. 88 6.95*" 187. 63 **
JeFE 17 WK Flooding irrigation  14.33a 21.3la  142.00a  11.00a  153.33a  92.33a  26.96c¢ 8 449.22a
Longdao 17 [FBKHEEE Intermittent imigation  15.00a  19.78a  100.66b  9.66a  110.33b  91.67a  30.03a 7826.41h
FEHE 1 Control irrigation | 12.33a 19.85a  122.66ab 13.33a  136.00ab 90.03a  26.76¢ 7 492.07¢
FERETL Control irrigation II 12.67a  20.06a  107.16b  17.83a  125.00b  85.82a  28.50b 7 111. 88d
A Average value 13.58 20.25 118.12 12.95 131.16  89.96 28.07 7 719. 89
FRifE2Z Standard deviation 1.29 0.71 18.39 3.58 18.13 2.92 1.52 567.11
5 RELCV/ % 9.47 3.54 15.57 27.67 13.82 3.25 5.42 7.34
FAt F value 0. 49 1.96 4.32° 1.11 4.32%  1.22  463.70* 267.10*
2.4 BHEHATARERAXASFIARLESH WL AH LL, R BROEE R R T AR EE T 4 oK

2.4.1 RATZE T RRERS X EEKETHH H 10.97% 23.08% F128. 72% ., \/KFEe&EEFME, A
F5 AIH I BEEE ARV T PERE L 3 RPOKIEME Y IRy U R A BE A K S mR, A
KIE AP R ECR ,, K BB RN, ka0 A E KSR 40% VUL,
AR R RE I, ORI, 5K

*5 FREZEHEANHEERKE

Table 5 Field irrigation amount with different irrigation regimes

_ R 3 BE ) ) .
SEF DT R RN
» o R een R HRERR a0 pamk sawm L
HEWE = . . Transplanting Tillering Heading L P K
O Steeping . stage to Irrigation Natural &t
Irrigation . to turning . stage to stage to . Water
> field . tillering headi . it amount rainfall Total amount .
o reen stage eading stage maturi saving,
regimes /(m?® +hm~?) & N igz stage 3 ° 7: N }i, /(m*+hm=2) /(m*-hm~2) /(m®-hm~?) saving/ %
/(m’ +hm ™) 3 5y /(m’+hm™) /(m’-hm™*%)
/(m”+hm~7)

TETKHEWE
Flooding 600 225 1410 2910 1230 6 375 8 250 14 625 -
irrigation
i) i 38
Intermittent 600 225 900 1920 1125 41770 8 250 13 020 10.97
irrigation
1
Control 600 225 600 915 660 3 000 8 250 11 250 23.08
irrigation |
FHE
Control 600 225 300 690 360 2175 8 250 10 425 28.72

irrigation Il
AR

‘

Note: ‘ —’ means no existed.
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Table 6 Comparison on water use efficiency of different irrigation regimes

- . X - TEWE KKy A 8RBk K 5
e . KA FIRFEIK STk L JE iy [ﬁ%ik\jfﬁ ke s 22
M)y X i o FIHRCRE FHIECR VI I Y &S
o . Irrigation Natural Total water . R o 3
Trrigation Yield . Irrigation Natural rainfall Total WUE
o] /(kgehm2) amount rainfall amount WUE WUE /(kgem ™)
>gimes . 3 e 3 2 3 -2 ’
/ h / h / *h
T e WAL =
KT
Flooding 8 656. 72 6 375 8 250 14 625 1.36 1.05 0.59
irrigation
i) i 18k
Intermittent 9 088.92 41770 8 250 13 020 1.91 1. 10 0.70
irrigation
Bl 1
Control 8 484. 87 3 000 8 250 11 250 2.83 1.03 0.75
irrigation [
FEHE T
Control 7727.19 2175 8 250 10 425 3.55 0.94 0.74
irrigation Il

2.4.2 FEAFZE T KRR B XK AR 5B
IR FIRCR 2 AR K A THFE S P A 7 2 1)
KARMEBLZEETE R, 3R 6 AT HEEAIK 73R AL
BARKERE N > $0E 1 > (Al BREERE > WK HEWE;
SRIE AR 53 I FH AR Ry 18] BRGEE R > W /KR > 0
I > #0E L Sk R HRCRR O R T > =¥
> [A] BRUE I > 78 7K HE B

3 itig

IR A ZE BRI b v e e L i Y R 2
o FJEH FERFT AR R B TR AR M
T HLTHE RS KRS 7 B B 2 ), A BT T B ) 25
B0 AT RO R R TR LR, L 4R
B AR R B SRS AR B A [ 90 1 D 2k
TR B BRI |k B A 8 4 R A o M) T s
KA, RO R PR @, T2 s B SR 254 | [R]
I ids R A 4R R KR A AR RROR TR R B T 4 v 7K
i, ABESEAE SRR, R AT L 1T 5 K 807 X
REAS L HE /KRR P AU 2R BER, = 1013 >4 38 I /K 2 fiE
RN 25 o BE , B 20 BE BORE R A ) T4l K ek
5, W AR B K R AL AR b o5, i e AR AR AR
FEARRMSC R A | X 5 BTSSR A —

KRR B A i AR, S B TR
Fie GEHE AR IR AR SR IR R R AT
IR REBE KA o BE P, A L K AR
il , RE 8% A RO A AT 34 1 ST S ), 334 i 7K A 400
TY AR R AN VLR BT R BAE RS FRIE
AR R T IR I 0 B 2R T B e TR

MUTEBE , HLREH A 2R AU BE , 22 5 Bl R, AN
FAUREW] FEFFE T 1K EMA A TR E T
B R (2t MK R AT T B R Bl R
B B BE S AN A RN s T K E R, (EL5F
FEIUTA AU AR S, 1 25 A0 4y Jo U JC 1A A AL
A M T IR AR B O e 0 1] P2 B E
T RLAFAEA X SRR A RA T 2, AR
Hh FE AR S A PR 3R 5 T, AS () 3 18E 75 5T
SR KREBEAR L, 250 1 P 1 R A B A, T
(] T 7 F A P 4 i, X S AT AT ST A R — L A
[F gy o ] 7= gy o, (R R de A 14 TR 17 AE 3 b
TRHEME T 2R A7 B R T K REBE, R 6 4
P AR B 7R 3l K BE AR 1F T 2 T K
B, BEWITERS AR R SR IBGE 24 19745 7K i 87 U RE
PEHE KRS = P s, AP TS 4 R A — e i 1
Vi Py & e chaals MO 57 N E 7 wed K g
R B HEBE RS AT 28 TARSS & AU F TR RS AR K
RH I REB AR 6 R R e L i SR A
R AWFTEAE R B FEAE IR 3 Bl K HE B
J7 A HEM KR I A R8T R HE B, 1X 54
AT AER WA R B RWITOK M AR B
NSV DG &

Zi b LT ORRARS R ik TR AN () 9 i 7 %7K A
FZEBERL MR TR A O i ST R A N R A
s, B B a5e I o — 2k X TR T
WFFERT FH B Re it Fofr i Ak DX RS AT 3 T i R 387
AR AR T 2, K AR AT Fp i — 2B S, LAY
AR SRS ARG R KA K 434 SRR AR 2 Al
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Effect of Different Irrigation Regimes on Rice Yield and Water Use
Efficiency Under Straw Returning to Field
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Abstract;In order to explore the application effect of straw returning to field combined with water-saving irrigation
technology, the effect of different irrigation regimes on rice growth and development, yield and its components, and
water use efficiency was studied under the condition of straw returning to full field. The results showed that as for rice
growth and development, to some extent, straw returning to field combined with water-saving irrigation technology could
increase tillers number in the early middle period, decrease plant height at maturity, reduced the panicle formation
percentage with the decrease of irrigation amount. In the early middle period of rice growth and development, proper
reduction of water supply is beneficial to the accumulation of dry matter in leaves and stems and sheath, the dry matter
output rate and transfer rate of leaves were the largest under the treatment of control irrigation I , arriving at 14. 19%
and 4. 15% , and the dry matter output rate and transfer rate of stems and sheath were the largest under the treatment of
intermittent irrigation , arriving at 28. 69% and 17.39% , respectively. As for yield and its components, the yield order
of the different irrigation regimes was intermittent irrigation > flooding irrigation > control irrigation I > control irrigation
Il. As for water use efficiency, irrigation water use efficiency was the largest under the treatment of control irrigation Il
with 3. 55 kg+m ~*, and natural rainfall water use efficiency was the largest under the treatment of control irrigation II ,
arriving at 1. 10 kg-m . Total water use efficiency was the largest under the treatment of control irrigation I , arriving
at 0. 75 kg-m ~*. The results concluded that, under the condition of straw returning to field and ensuring yield, the best
irrigation regimes were intermittent irrigation and control irrigation 1. The results could provide theoretical basis for water
management under straw returning to field in Northeast China, increase water use efficiency and improve rice production
sustainable development.

Keywords : straw returning to field, irrigation regime, growth and development, yield, water use efficiency





