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1 MR5REE

1.1 R EKER

WIS T 2018—2020 4F7E 572 2% 17 T E ML i 4o
FFRE . B X (30°43'N, 121°10'E) J& T-HiEa TR
X, Al AR AR B A = X FH 7K R S A i B A B
fiE, FFEKE 1669 mm, FFH5I 24 C, JofE
225~245d, “PIFEXHEEE 82%, H WA 2 037 h,

B8 XA A AR HE KRR IR B/ X 24 A GRS 6 m>22 ).

g, WX LR 1, 13 pH {8 6.0, T
AR RN 1.5 glem®, &% BN 2.6 g/kg, HHLFRE
H 36.2 glkg, AU E N 8.6 mg/kg.

% 1 2018—2020 4F % 4L 32 W 18] K5

1.2 It

P 7K S PO X = F KRG R,
3N KRS X CRifG: 757K 134) « 2258 7KHE Y CHll
. |95 o WRIWEFMARE (W0) FlidFzHE
W (WL 2 FREERE T3, 0 BfE K FEIR B 7 BEH.
PO WA, FLAAN S 6 NMEE MY BT
IR IRAL ARG, A2 A H () 4 b v e 1o
b ERE 3 ANER, ANXBEHEES, HAgolE
i ChnMpREE R AR ) BN R %
ACPEEARE BER A 3 YOt AE 720 (F3) 5 2 il R AR
SrBENESHEAE, MRS A AR E, LR 7728 130,
80. 50 kglhm?, HAEEREDECN 47%.
KA Ao

Table 1 Farmland water content and water level control standard of each treatment in year 2018—2020

LA ERBR/mm 3R 5y BEHI ] Sy BEE PTHA Fe e FLE TR
FEBE IR 20 20 30 30 10 10 0
WO FEE PR 30 50 60 60 50 50 0
W LR 50 70 90 100 100 60 20
FEBE IR 5 M (0.80s)  HTmZ4E (0.765) HmE (0.90s) 0 FHTH %2 (0.805) o
wi W LR 30 20 20 30 30 20 g
BEW LR 40 50 0 60 60 30

W RPERT NHIRKIRE, 0s A RS KE,
1.3 YM+EHR

WK FEAR R ARAE 0~20 cm 12, 2438 /K FEHR
ROAAAE 25~35 cm 125 KFEFKENE, HEE
KZEE, ERIE KA, HEEKZER, B 3~5 d
FH 438 7K 40 I 52 A 52 0~20 em C HIZKFE ) « 20~40
cm CRASKAE) LEEEI/KE, R H BTN OO &
0~20 cm CHE KRS « 20~40 cm (KR L2
FEHBRE, EIEHINERETE 2d s, B0
W1k CEe EBARRSN s /KFER KE (B RE) NE,
RFEKESBIREZHE. P 2B MR8/ X )
THEZKER, DS REA KRG R ORI K & . I
HEZKHT fa 87K A7 22 5 R H A HEK & .

KRB KRR PR A FE I AR TR 2 (LAD | Hb
BEAy R W D TYIREE. RARL TR, 4
BEINITAG, A AE 8 3 A R B AR 5 £SO 5 el =
AR TR 2 X K ARG AR R H TR 8 20 R, b #3580
(Z2. M B BT ERRRENE TS E; THBk
MRARMERE ;s 7R F WL R, SR /s X
7=, ME A SR .

1.4 S

KA R (WUE) 187 — & BI1EYD Ty
FRFIBHEARES 26 AE T, BRAL/K BT IR & AT IR 15 1 7= Sk
FEE, BIEYI R SHEFEKERN M, HH WUE,
WUEp. WUEgr 73 SRR K R FH 2R . B KR L
R E5FIKFI R . AR SPSS 26 AT XU F 7
T
2

2 ZREDH

2.1 I EARE K S B 3 4
KA /N X6 25 TR 32 A8 /K ST R 5% A B S

IRK, Hponl bk, BEREEmA KA K 2 S
TER e B R AR, RIS R k7K
FEAE B IS FeK B TR (30 a LA B JFRilde %
TSI 38T, I K SO SR 3R AT AN [F] B 7K A et
PRI FEK AR, W3R 20 Siit 2018—2020 AFE-~F il
KRGS F /K I L, 2018 4 47K 2 388 mm, AH X
ZAEPYE (BEIE 50%40%) fRfiliZKH28Y; 2019 4 438
mm, AR 2w F KRR 2020 4F 555 mm,
JETHEKER . Bk, DA ER AR RS B RHE 43
Prdeas, BA B HARER M.

& 2 2018—2020 K A5 4 F HAME KM F 47

Table 2 Analysis of rainfall frequency during rice

growth period in the year 2018—2020

FAIKAT 1% 5 10 50 75 90 95

%7K & /mm 753 665 405 298 215 172

2.2 AEFERIERN . KERMITEME KRR
2.2.1 KAGH@mARIEH (LAI)

2018—2020 FAN[FIFEBRAT 2 A [F 7K S A T
FRAEE (LAD A W 1. RRFESARR L, #
FE R A UTE 2 BE I R FL A LAL 355 T R
B, FEBTRAIN 2 PhEBERI N LA B T — 5 R
B AUKRE LAI SR 232K, LA WEE H I
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AHEG AU E AR, T BRI AR TR FRAE 70 BRI L 4R
T HA AR | 7L U LAL 3R T 26.2%.
9.0%. 4.6%. 7.2%. 0.2%, AS[FVEBR LAL 3
DN . AFRDKFE MR, R KEeE
BN LAI BB & T8 HUKRS, AR KRS, 4%
IKFEAE /T BRI SR AR, LAV, 3 AU
LA 73542 5 T 30.0%.23.2%- 17.6%- 23.6%- 21.2%,

FHEGHEE L, A FEKFE SN LA S8R R EOK
UBAh, ZA8KFE LAL WEE S AL, AH LG H
IKFEEAFIT 5 BKFE =™
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Fig.1 Changes of LAI of different irrigation modes and different rice varieties in the year 2018—2020

222 TR E=E

2018—2020 A [FIFE WA 2« AN [RIKFE S A T4
S EEE T IARMLE 2, ATLVEH, BAEE
WKFET Y S B A A E W g, Ko
BRI R FL A KA b, BRI ER, 155 KA
AR o AN R EE MRS =R /KA 1 T4 e 3
AR WL AbFE>WO B, 15 B 8 75 e U e s
PRIEAR IO RS BE, REARTW 00 SR AR o AHEL R
HERERES, VR UK FETE 2 BRI T Hh
R LA B BT e 5 R R T 16.8%.
24.9%. 7.4%. 1.4%. 0.7%. ASEI/KFEMFN, KRG
BT 5 e B SR R IR R AT K FE> T WK ARG, HAE
HFEHALLSS , 2258 KRG T4 o e S S E s . AR L
FUKFE, ZASKFBIESP BEM . SO IA. HREHA . FL3k
WL AT S B R 7 1.9.1.4, 1.8, 1.7,
1.6 £, WO, FHECEEBERL, ZKAG S AN T4 0
RRIHEK
223 HRFEAK

2018—2020 AN [F)HE WA 2« A [RI K FE s P AR £
AR K BE A F A0 L3R 3 FIlE 3.tk 3 FIEl 3

AL, RTANEEARL S, ARAF I, 2 M
R KFEARKTE 7 BEI L BRI Fe R B A DL
HERERE I, 7EFLAVEI R BB B, DA R AR 20
AR, AH B R AR X, v R RS A BRI K
T HA A FLA L BRI G n T-2.1%.
-4.0%-. -0.3%-. 1.1%. 2.5%, 2 HHEMERE 200K AR
KARTZ /N, v R E AR AR AR B W B S T
DU B KA ) N AL, i HEIRE IR .
2 B A KRR AR I B A B IE A PRI, B
R R F18 0 B . AR5 AR AE L 20 DL A A
B, HARETHIERER S, HEERK
HE RS B, 38 247K 5377 SR AR 29 70 B — 8 B3 28
FH PG R AR EAS X, T R WA TE 40 BE I T I
TR LA IR 0 T -1.1%. 2.1%.
6.4%- -2.6%. 6.7%, 77 R FE AR AL S AR A0

HAHA R T RRER R AEK
X T AN K ARG S, KFEAR SR A K & 57K HE
KAFY], RKFEBRKAE 7 BEHNE R S E, bEE
A AR, MRACIEET R, AR FEAR AR T A
IRBEAE, BfE FREHETRE: 24 HRKRE
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MR B B T HUK ARG, AL RKAE, 4438 KAE
TEAPBEW. $OT . RS, FLBUH. EAUER K
BN T 61.4%. 31.3%. 26.9%. 25.4%. 17.2%. Lt
B FIKFE S AR CEAR+ AR - EAREAR I,

HAZ KRB R 2 v T KRS, AHECE RUKFE, %

WRE DI T 44.2%64.4%. 75.9%-56.7%- 48.4%:;
AN TR 7K ARG SRl AR SR AR TR T s i, (H Bl A 2R
BIWIMHERE, BROBER, HRUKEE AR AR e
TG BT A2 K REAREOE 2 = T K FE,
BRI TFORFE S5 KRR R 1935 71

ATKFEAE ST BRI RT3, FRE0 . LR, il
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Fig.2 Changes of total amount of dry matter of different irrigation modes and different rice varieties in the year 2018—2020
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Table 3 Changes of root number during rice growth period of different irrigation modes and different rice varieties in the year 2018—2020

e 5B B AR ALY R
A B (OO0 R BOR (OHVERD% AR SR (SRR A AR (OISR IR AR (EREEAR)%
WOF3X 11 277 4.0 13 255 4.9 12 263 4.4 11 256 43 10 293 33
WOF3Y 19 412 4.6 20 421 45 15 426 34 13 412 3.2 11 398 2.7
WIF3X 13 295 4.4 15 264 5.4 13 247 5.0 12 298 4.0 9 254 34
WIF3Y 18 413 4.4 19 432 4.2 16 471 33 15 456 33 13 414 3.0
40 [ ghE, —a— WOF3X  —a— WOF3Y 40 by, —«—WOF3X —=a— WOF3Y 40 rypm, —a— WOF3X —a— WOF3Y
. —e—WIF3X —o— WIF3Y —e—WIF3X —e—WIF3Y ~ —e—WIF3X —e—WIF3Y
3Bt 35 - 35
E30 Eat} % 30
Z R -
é 25 ot ot
ol N i i ol i /}TF i - 0 | i&if’i
15 : : : : © 15 . : - : , 15 : - . : ;
70 ST S SYBEOHCW MR LB P BOW O AR AR 3R
2 EXp EEM
(a) 2018 4 (b) 2019 E (c) 2020 4%
B 3 2018—2020 £ R EBEAE K. TR KAG AP AR K T AL
Fig.3 Changes of root length of different irrigation modes and different rice varieties in the year 2018—2020
224 F% BB n 1.7%, 2 Mg E R AR E . AFRDK

2018—2020 FAS[FIEMRAL A . AR 7Kg i Fp sk
Brr= SR A LI 40 ASTRIER A S At A A R A
8B4 9.808.5 kg/hm?, T 5k E AR 20 7 B 40 Ny
9 972.0 kgthm?, ATUAFE i, AHELH MUAERE, 7 5 E
4

FELRIELEL, 28 ARG T34 11 172.0 kg/hm?,
UK AE = B 8 472.0 kg/hm?, # HG 3 #0 K A5

RATKFEF BRIy 31.9%, R EFIB RN
.
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Fig.4 Changes of yield of each treatment in the year 2018—2020

2.3 NEFERIRRN ., KiBmMXHEEFEKFI
231 RigFEHKE

2018—2020 FAN[FAbFE 44 HIMFE KR, B
. FARKERINE 4. T KRG M, [F— 58
B, HHRKRE (X TKE. FKEIRACT =5

KAE (YD), Ho 2018 4F, AT, 2%

IKFEM KR FEKEDHIMT 1.2%. 0.9%, W
FHEWAL IR, 2 BN 2.9%. 3.3%; 2019 4F, F
MAEERZUR, AT 2.7%. 2.4%, 75
BN, 20T 1.9%. 2.9%; 2020 4, A
BERSIUR, RN T 4.3%. 3.7%, T EEREBEE
T, ARIEINT 1.0%. 3.8%. Zidr 2 MUKRG A
3 a P, 24%KRE (Y) HIFEKE. FEKEDH
ELHHKAE (X)) T 2.4%. 2.8%, SARARIEF
BEKT . WTAREBRE A, F—KEmM, &
THE (WD HBIRE. FKE. FKEL R
TR (W) , M 2018 4, “FHU/KFEH
NS E. BRE. FEKEREIWEE S
FIEIL T 43.8%. 14.4%. 17.6%, ZRAC/KHE 5%
ik 7 38.0%. 13.0%. 15.6%; 2019 4F, & H/KFE%>
FIEIL T 61.9%. 31.2%. 34.6%, ZAC/KHE 5%
fik7 55.1%-. 31.8%. 34.2%; 2020 4F, & /KRGS
MIFEAK T 51.6%. 26.0%. 29.8%, Z<A¢/KAES A%
T 49.1%. 28.3%. 29.3%. Zi& 2 MEMAEK. 3 a
G, MR (WD RBRE. FKE.
K ELHE A HE (WO0) 7 5l FE1IK T 50.5%. 24.8%.
27.6%, SAZERIEF T EEKF.

* 4 2018—2020 F AR A FHKE T
Table 4 Changes of water demand and consumption
during rice growth period in the year 2018—2020

R pusiil BIRE/mMm K E/mm FEZK E/mm
WOF3X 46.1a 378.8a 424.9a
2018 WOF3Y 45.3a 383.4a 428.7a
WI1F3X 25.9b 324.1b 350.0b
WI1F3Y 28.1b 333.6b 361.7b
WOF3X 56.5a 468.1a 524.6a
2019 WOF3Y 56.6a 480.6a 537.2a
WI1F3X 21.5c 321.7b 343.2b
WI1F3Y 25.4b 327.9b 353.3b
WOF3X 53.7b 413.4a 473.2a
2020 WOF3Y 59.3a 431.2a 490.5a
WI1F3X 26.0d 306.0b 332.0b
WI1F3Y 30.2¢c 309.0b 344.6b
T 53 W
W ** (P=0.00) ** (P=0.00) ** (P=0.00)
\Y NS (P=0.10) NS (P=0.39) NS (P=0.32)
Wxv NS (P=0.57) NS (P=0.79) NS (P=0.99)

WLV IR TEBL IR 12 S5 KRR A, * A0 NS 23 5IAEFR P<0.05.
P<0.01 Fl P>0.05,

2.3.2 KAGHARIIE

I3 HT 2018—2020 AN [FIZKFE S Fh H #2158 7K
A BB LK 5. MKREMAE, AEKRES
FRTE 2 FERER 1) H RS AR — 3, A0 /KH
H ¥ FEK R0 & T % MUK AE, &4 F B iE 5N
1.3%~3.0%, ASFEZKFE S H 258K &2 2 A
B, NEWSERE, TR KREIE 25 KRS,
IKFE H B FE K AR A TE AR — 8, =g s I E
R dEEE, AR EHN 7 A B, ERAR
BB, BT H R KEROR: R HIA 2,
32 L5 R IR K R 2B K S R R IR B, RS
TRAR X B B, R P 1) 2% R RO 0 28 s 45 b T
IS UN

12 rjbgp, —&—WOF3X —a— WOF3Y 12 ppgm, —*— WOF3X  —a— WOF3Y 12 gy, —*— WOF3X  —a— WOF3Y
—~ 7 —e—WIF3X —e—WIF3Y | —e—WIF3X_ —e— WIF3Y ? —e—WIF3X —e— WIF3Y
3510 | 10 10
Es} Es E g
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war w 4 w 4
v AN =
=2t 22 22

o 1 1 1 1 1 J O 1 1 1 1 1 J 0 1 1 1 1 1 J

RTETEE PO AR L R BEEPYEE KW bR LB HE ETIEE BT MR AL
AEM AHM A EH W
(a) 2018 4¢ (b) 2019 4 (c) 2020 4

A5 2018—2020 7R EBAL X, TR AKMGLA A HHKE TR
Fig.5 Changes of daily average water consumption of different irrigation modes and different rice varieties in the year 2018—2020
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2.3.3 KAGH# B

2018—2020 A [FRIEBEABE X A [ 7K it P R
ERAEILE 6. ATUAUE H, W A FEBAE T
AR KR b A T A 2 AN L R L S T R
VEERE AL VR T 52 AR AL AE 51~63 mm, R [R] KR it A
T FE U EE R 2 A 22 0.15~0.60 mm, 1 UL i FH 3 /K g
VR B A2 HE WA S KRG PRI AN 3 . AR
BRI SE TR, F—AKCCER, HIFRE
MR W N T T S 11 T S O T2
% 3.2~6.0 mm, ZRALEZE; NFEKCER, L

500

A B AN K EIG N, SR PGS, WK
SRR T KRR A AR AV A T — 2. AT oK
FE SRR A A A4 HTHE I s R e A 2 2, K
SR (RN KR X REL S A R . A
K FE AT, AR LR, 5 A A A
Wi A E WIRENE e USSR AR S, AR
W REE , B KRG T8 e AR 4 A 1 IR S A
FAAIK 30.8%~35.0%, #+22 7K G v s HE MR AR 0 4228 & 1
VEE R S A G 30.1%~33.2%, 15t I T4 SR JRE WA = T LA
B R AGRER 21

OmHE B4R

s L
£ 400

300 F
:E.Ezoo 3
100

0 l | i | | = | b1 | I [t | hd | i |
W1F3X | WIF3Y | W1F3X | WIF3Y | WOF3X | WOF3Y | WIF3X | W1F3Y
20184F 20194 20204F
i

B 6 2018—2020 R HEBEAE X B KAG 0 AP BLE 5 R AL

Fig.6 Changes of irrigation quota of different irrigation modes and different rice varieties in the year 2018—2020

2.3.4 KAGKHH R A F

2018—2020 A [FIEBLAR X L A A K AE db A K 2
MR N 5. AFEMBALLE, ATUE H B
WML WUE, 5 WUEgr MK T 7 22 AR =X,
WUEp & 17 5 HEMR AR 2. o7 R VR A U R
WUE, 5 WUEgr 433800 1 57.7%. 38.8%, WUEp
BEAR T 12.9%, MR 5 7 B L 22 A B 1 A
FIKF o AFDKRESFEE, BERRIKE . AR K
BLOFEKEZERALE, (Hb T AN KR A&
ZE i, FECRRIZKAE AT WUE . WUEp 5 WUEEer
Bk 2 82K,

%5 2018—2020 1 R 4 3 K AG K A A 2 F T AL

Table 5 Changes of water use efficiency of

each treatment in the year 2018—2020 kg/m®
R Ab 2 WUE, WUE, WUEgr
WOF3X 2.2d 3.0b 2d
WOF3Y 2.9¢ 4.0a 2.6b
2018
W1F3X 3.50 3.1b 2.4¢
W1F3Y 4.4 4.0a 3.1a
WOF3X 2.5d 5.0c 1.6d
WOF3Y 3.2¢ 6.4a 2.1c
2019
W1F3X 4.2b 4.2d 2.5b
W1F3Y 5.3a 5.3b 3.2a
WOF3X 2.2d 2.9b 1.8d
WOF3Y 2.8¢ 3.7a 2.3¢
2020
W1F3X 3.2b 2.3c 2.6b
W1F3Y 4.1a 2.8b 3.3a
T ZW
w ** (P=0.00) ** (P=0.00) ** (P=0.00)
\% ** (P=0.00) ** (P=0.00) ** (P=0.00)
Wy NS (P=0.24) NS (P=0.15) NS (P=0.76)

WLV 2 RREREERL % 5K AR R, * A1 NS 7351483 P<0.05.
P<0.01 FI P>0.05,
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EU DK RE TR KR, OSBRI K EE BE e T AW
2R, Xiao 20O T 48 BT X I A3 1 X
ST XS KRR EEAT T T, A b A
B, KM AUKFEREK R BIKEMARE
Iy B BEAR T 16.63%~34.40% . 39.97%~60.80% Al
9.40%~31.53%, FEEHERE T 0.4%~2.1%, S5ACHT
SER—3, (HARAER — #02 XII JRA FK ARG AP T
T KU 7 o KRGV /K & 2 A2 96 FH AT B3 K
ORGSR EERY, 5KRRAEE
FHR KR T EF TR T 1K F ) T K
FEAE B WA 28 B RN 28 i S TR i AR i 9, (LR
/b %o AN [/ 7K S AR T B i e P Rl e e PO T
1956—2015 4FEMRFE/KBIRE,  FRAF 3 I HE T RE LK
AR ERAETE P A 3 FRESL R 43 78 5.52. 4.65.
3.83 kg/m®, RHLEERTREMTELT, HERK
IKEHG, HEBKESBERIES, SRR E
F—3.
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#N 259~271 mm, 2 5K FEHEBE € BN 394~394 mm,
HIF T BRRT F87m ZKRE K 7 e ORI FA AL, 1] WK A 5
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ANE 2 M AR, R KRR S AEFE
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BOK; TEEREMOKAE T RS 1.7%, A%
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Growth and Water Use between Conventional and Hybrid Rices as
Impacted by Different Irrigations

ZHENG Shizong, XIAO Menghua”
(Zhejiang Institute of Hydraulics and Estuary (Zhejiang Institute of Marine Planning and Design), Hangzhou 310020, China)

Abstract: [Background and Objective] The decrease in available water resources for agriculture in the South of
China has made developing water-saving irrigation essential for rice production. This paper investigates the impact
of an improved irrigation method on growth and water use of conventional rice and hybrid rice. [Method] The
experiments were conducted from 2018 to 2020 in plots within a paddy field in the Irrigation Experimental Station
of Jiaxing Pinghu in Zhejiang province. The rice varieties Xiushui 134 (conventional) and Yongyou 9 (hybrid) were
used as the model plants. They were irrigated by conventional flooding irrigation and thin-water film irrigation by
keeping the topsoil just saturated. In each treatment, we measured the leaf area index, total dry matter, root growth,
grain yield, and water demand and consumption of each rice variety. [Result] Water demand and consumption of
both rice varieties under thin-water film irrigation were lower than that under flooding irrigation (P<0.01). Under
flooding irrigation, water demand and consumption of both varieties during their whole growth period increased with
the increase in precipitation, albeit the conventional rice consumed slightly less water than the hybrid variety
(P>0.05). Compared with conventional flooding irrigation, thin-water film irrigation reduced average daily water
consumption by 22.6%~59.5%, with the hybrid rice consuming 1.3%~3.0% more water than the conventional
variety. Compared with flooding irrigation, thin-water film irrigation increased average rice yield by 1.7%,
especially the hybrid variety whose yield was 31.9% higher than that of the conventional variety. Thin-water film
irrigation reduced water consumption by 30.1%~35.0%, in addition to its significant increase in WUE, and WUEgr.
Due to the difference in yield between the two varieties, there was an interactive effect between the irrigation method
and rice variety, with their WUE,, WUE, and WUEgy differing significantly. [ Conclusion] The thin water-film
irrigation was effective to increase the development of leaf area and dry matter accumulation, especially for the
hybrid variety. Water demand and consumption of both varieties were affected not only by annual precipitation and
evaporation, but also by irrigation method, though no significant difference was found between the two varieties.
Key words: rice varieties; water demand and consumption; hydrological year type; thin dew irrigation; growth
characteristics
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