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1S Ak

1.1 3G gt

TR XA T 648 AR MR 2 Bt 5 1 AR P AR 56 il 5 122 b i A YT b 5P 5L A 8 388 Y VT o e vk AR R 1
BT %k, J8 T3] - s, AR s AR EE 1 i X M 3P E L RN 17.5~28.0 m, S VAT b 48 B (R R A 7 A
o 12X K Bl 2R S X, IR R T R A, SR DU 2= B, A IR TR 2 R, 24 KT 0 CIRLR
4863 C. FHMKIE A2 563 h, T, & TRIEMAK . BT FEAKE D 0 500 A) AR 55
B A2 45 R R, S BOZH AR A P A R e
1.2 Rt

PRI T 2008 4F 10 H—2010 4= 10 A 7ER I3 19 K HE4T « & /N FEF A KL 8 5 Hl Yanmai20 ( /%
BH T A REBE SR A , 5K it Pl e 43 548 52 958 1 7 FRLPU 5, Fo b, 7 51 8 5 L B B 958 St 2 1 /K MR AL 4 1)
A, Yanmai20- F' U5 g P R K R ZE I AT . 7E 2008—2009 £E 1 4 AN /K43 AR, 4351 S AR E A ]
FEOIKVTIK2 7K 37K AR BE , A /N2 FE KIS /A 23 ) 3R 5 B 31 B AN E S 3, B R K /K B3 0 Sl S 4k 1
AR AC RN RE SR B . 7E 2009—2010 4R 3 N /K 40 Ab R, 43 S AE AR BAVE 0 7K 17K AR 2 7K b B, 4 /)
2 HETK I B3R 5 BAANE S, B HORFE /K B 1 R W\ 1 A Sh B A6 . 2009—2010 4 % FY AH X 78
L HE 3 K SEEYI T, AN R E 3 /KA 57K 20 A B /K 5 100 L2 1, VB 1% 2R ) ek i,
KB HHEKE . BN/DNX 8.4 mx12 m, FEAL X HHEF , F SRS B A . BT A /N Xt AR 7K
S HEVE S i A LU VA e A [

%1 20084F10 H—20105F10 A K=& mm
KN HEAK
P 1] Qb
IR HA PATHA BRI HATHA NSt e
07k - - - - - -
17K 60 — — 60 — —
2008—2009 4F:
27k 60 - 60 60 — 60
37K 60 60 60 60 60 60
0k - - - - - -
2009—2010 4 17K — - 60 60 — —
27K - 60 60 60 60 —

1.3 MEMBSRHZE
1.3.1 £ RS2

A= 38K 3 I 72 R N 0~ 160 em, BEFE 20 om B 1 IR A, & 10 d I 12k, FEZK RS 25 00 12k, SR A
TR T KR . SRR 1R TR R, AN F 2 AR R 45 s 0~40 cm
+JEHN1.5 g/lem’, 40~80 cm M 1.4 g/em®, 80~120 cm 4 1.5 g/lem’, 120~140 cm A 1.3 g/em’®, 140~200 cm
N 14 gem’s TESHRH BTG N, & /N4 E T K E 1R, KRS 133 mm.
132 #£KREA N7

HRAE A B P A Bt SR K B ET=P+L-w, Jovh ET YA B WIFE /K B (mm) , S5 A PR 26 1 B AR
i) 7% K & PN K B (mm) , o B (mm) , W oRAVEY A & WA 380 /K 2840 B (mm) .

KNFFERENE /NG AN X B3 N 1 m* /N X BT R R . B ROK P il e s oK
B BN/ X BEALHHEL 30 B , W )5 5 ol
1.3.3 =& WUEN %

F= 8 WUE WITHE A XN : WUE=Y/ET, Horb Y N & /N SR BRI &  ET BN E G A /N ESE |
KIGFEKE
1.4 #ELIE

RIGHHE B Excel 2007 A1 SPSS 19.0 #fE AT AL 3 .

15



2 HBREDH

2.1 KBS TL

1(a)—F 1(d) 5 53R 78 2008—2009 £E 4 /NZZ2 1 2009 B T K% A0 Bl 4 A 398K 0 sh 254810 I 1
(e)— B 1(h) 43 HIFR 7R 2009—2010 £F- 4 /N2 Fl 2010 4F B K5 Bl A ARk A - 387K 43 s &8 8 K. 2008—
2009 AN E AT, LK B S IE 1) FTR,0~60 cm £ 2 & /KR Z FIR /N, 60~160 cm 25 7KH
BB ER, FA— LR E KR ZERTE3.0%LLA . 200945 A 24 H A& /NZIGERATAS [F HE K IR B &4
TEHEAKEBERIHBORZE R, 0~60 em 12 5 7K Z KB IMRICRE 3 7K 2 7K1 KF1 0 /K AL 2, 60~160
em 2 F K E B R I B BB, S B Bl K B B SE n, IS KSR N . 7R E TOKHR
FhEHI7 H 22 H,0~60 cm + 28 /K EMHZEARK,60~120 cm 2 KEH I T 257 ,60~80.80~100.
100~ 120 cm T35 7K K B /IME UORFE 3 K2 7K 1K A0 /K Ab 3 . 2009 5 K ILER AT, 0~60 cm
TR EKEBET —5,60~160 cm 1 )2 F /K FEA — & % 7,60 cm LLF % 1 2 15 7K 2 K /MMK IR
HE3 K2 K1 KA O 7K AR 3, 5 B FOKFEFP T AS [F) A2 5 120~ 160 em 2 & /K H A8 B FOK B R AT 2 7
ANEE, W7E 9 H 23 HE T KWGRAT , M52 I H Bl 8% 0 £5 00 38 00 5 7K 223820 g I i) i 44

LHREKE LIRS % ISR /% Lg%
10 15 20 25 30 35 40 45 10 15 20 25 30 35 40 45 10 15 20 25 30 35 40 45 10 15 20 25 30 35 40 45
0 ———————— 0 ——— 0 —————— 0 ——————
20 | AbF . 20 AR AEFE . 20 | A 20 NbE .
—a— 0%k —=—0/K o
540 b o 1k 540 ik 5 g 40 —e—(l);Jjé
%{60 ! —ﬁ—§7jjé %60 | _A_§7JJ§ % 60 @ 60 | —a—27K
A —— 37 A X —5— 37 SN %
w80 T £ 80 = 380 % g | oK
oo | 100 i
100 Z100
120 + 120 120 120 |
140 W 140 [ 140 t 140 r
160 L 160 L ' 160 L o 160 L
(a)2008-10-13 (b)2009-05-24 (¢)2009-06-22 (d>2009-09-23
TR EKE% TIEE K% TIEEKE/% FIEE K%
10 15 20 25 30 35 40 45 10 15 20 25 30 35 40 45 10 15 20 25 30 35 40 45 10 15 20 25 30 35 40 45
0 —————— 0 —————— 0 —————r—+ 0 ———————
1 | 20 20 20 |
5 g4 r g 40 g 40
60 S g t 5 60 S 6o |
% = » il
B 90 | ® 80 w 80 K80
= g i oo L
Tiag | s 100 F g, 00 1 N 100 T i,
—e— 0K 120 | —a— ok 120 F o ok 120 5 ok
90 I == ;ﬁ 140 + —Q—ZJJE 140 F —e— 15k 140 —e—ﬂé
180 * 160 L 160 L —=—2%K ] 160 L 27
(€)2009-11-15 (£)2010-05-29 (g)2010-07-03 (h)2010-09-27

B 1 2008—20104F & /s & A= B B A IEA B Fa ik B LR K S EHHFR

2009—2010 =4 /N IR AT, P 1Ce), #E 0 /K 1 KA 2 ZK AR FR ) 0~60 em T )25 /K ERH — 2 2% 57,
0~20 cm & /KR 2 F 8K ETRIE 5% LN o 2010 E KN EZIRGRATI S A 29 H , 5 2009 A 1) 2 , A
[EE KRBT ,0~40 em 2 8 /K RIEH R W E 25, 40~80 cm 4= 25 7K 32 1 /KRN 2 7K BE I AL B K
T oK. 40ecm LEUTFEANLERARIHEZR . 2 FKEMER7H3H, 520094 +HH,0~60
em TR EIKEE T —5,60~160 cm 12 F /KA —E M2 57, B HEKIREGE 1 60~120 em 12 F7K %
BN, 120~160 cm 22 AR . 2010 4F 5 FRIGR AT, 5 2009 4FAH R, &> 4 2 251l HE 7K 80 n -+
2 KRN, TEHIE 60~ 160 cm R I A &
22 ERMZFNEFKE FFEM WUE RN

KNEWFOKE EREM WUE W3R 2. 2 ailia g RIFR W, B BB, A& /N2 FEK & 21
IR 2 AN R A A R A . 2008—2009 4,0 7K <1 7K <2 ZK R AL HE T, Yanmai20 FFE/K B A K
852, 1M 3 /KA R, B A K E 8 S 2009—2010 4, 0 /KA1 1 7K FEEBE AL R AR 48 /K B AT X 8
52, 2 KEEB AL R A K8 T Rk, fEAE R AR R, A K 8 5 B /KT Yanmai20,
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MEF T HEE N , A KT 8 5 INFE/KE L T Yanmai20.
%2 2008—2010F & A4 K&, =& A WUE

X FE/KE/mm Fe i /(kghm?) WUE/(kg-hm?-mm™)
Bl 5] gt , = . = : =
Yanmai20 HAFRES T Yanmai20 HRIEST Yanmai20 AFRES T
07K 375.72abA 353.00deBC 6915.00cdBC 7252.50cC 18.4bcAB 20.55bBC
17K 383.39abA 372.26¢cB 7 350.00bcABC 7 601.25¢BC 19.17abAB 20.42bBC
2008—2009 4
27K 390.28abA 390.00bA 7 920.00bAB 8 122.50bAB 20.29abA 20.31bBC
37K 414.93aA 419.73aA 8 510.00aA 8 132.50bAB 20.51abA 19.28bC
07K 366.54bA 345.24eC 6263.13dC 8 294.145abAB 16.28cB 24.02aA
2009—2010 4 17K 384.74abA 361.75¢dBC 7 583.79bcABC 8 254.125abAB 20.69aA 22.82aAB
27K 410.00abA 419.94aA 8 214.105abAB 8 674.335aA 20.03abA 20.66bBC

W FEBIRNG FRER R 7 T 2 R M (1% R0 5% 2 /K, R,

M= 45 T, Yanmai20 A4 5K 8 5 #1425 FE R VX S 38 o, 7= 2R 2 /5 5 2008—2009 4, Yan-
mai20 7E 3 /K HEMEALFE N 172 i T A K 8 5, M AE 0 /K < 1 KRN 2 /K BERACHE i BAR AR AES S, H
3 7K VEL A T 5 H A b B 2 ) P 22 S 3 1 2009—2010 4F Yanmai20 78 & AN KA FE R P B T A K
JFE 85, H.2 /K EE Ak 3 55 HoAth kb 3 2 i) 22 5 B35 . 2 a AR B0 45 SR 22 B, Yanmai20 X 7K 23 f) 4b B b e UK
T A1 5% 8 5 A LI AR 7

M WUE %5 37 , Yanmai20 [ %5 FE 8 8 1 8 0, WUE 341111, 2008—2009 4F 0 7K V8 b R 5 Hodth J 1A
VEWRALBE 72 12 25, 2009—2010 4F R I [RIFF B R s A3 2K HE 8 5 1 WUE R A€ 5 2008—2009 4F &> #E
IK AL B 2 7] 22 AN B3, 0 AKEWR AL B K] WUE 8, 2 7K EBR AL B L 3 /K EWR AL FE WUE #2151 5.5%, T P2 &
JUTAHTE, 2009—2010 47 0 7K 1 7K HERE AL B (1) WUE i, 3 790 EE 2 /K EMR AR BRAE 15 1 16.2%4110.5%. 1t B
RS FHEE /K55 BRI, WUE ¥4I
2.3 ERXE EKFEKE 2 WUE RIS

HEKPFKER =R WUE WR 3. 5N R—30,2 N E K501 FE K 5408 Bl & B AL
(R 3G 0 3G 0, 2 5 DY 5 7 2008—2009 4 0 7K F#EBE AR BE 55 HoAh J LA b 38 22 57 B 2%, 2009—2010 4 0 7K L 1 7K
VEE VR M 55 2 ) VRE VR A 2 R U 2 5 T AL 958 7E 2008—2009 £F 0 7K AT 1 /K VEE T AL B 5 Al LA Ak 22 S B
% ,2009—2010 5 HEM AL I FE K fE 2 A B3 .

%3 2008—2010F F 2 K#K2 . =& % WUE

FE/K H/mm 7= /(kghm?) WUE/(kg-hm*+mm™)
1] bt - — — , . ,
FrEY S FBHL958 JER DY FHL958 FEY S FBEL 958
07K 357.22¢E 357.22¢C 7 821.28¢C 8 203.69cB 20.28cA 22.96aA
17k 403.61dCD 388.49bcBC 8 448.23¢BC 8 900.2abAB 20.93bcA 22.91aA
2008—2009 £F
27k 403.1dCD 424.55bAB 9 128.67bAB 9531.51aA 21.9abA 22.47abA
3K 459.88aA 464.36aA 9 453.66aA 9 568.57aA 22.65aA 20.61bA
07K 398.82dD 410.05bABC 8 151.00bcC 8 833.13bcAB 20.44bcA 22.54abA
2009—20104F 17K 417.98¢C 418.73bAB 9168.01aAB 9 336.3abA 21.54abcA 22.29abA
27K 438.96bB 440.91bAB 9324.52aAB 9326.71abA 21.93abA 21.56abA

M= 2 B 5 2 T K P e S I A R T O I B B 7R 5 2008—2009 4F, LY S 07K L 1 K
FEWEARBE 5 2 7K (3 /K E R AL B 1) 72 5 72 S S 3, A BRL 958 1 O 7K VEE VI Ak B L Ath Ak 3 ) 22 S B 2, 2009 —
2010 4 7 FL Y5 0 7K FEWE AL 3 5 H At A B (7] 77 B 22 S 3, AR 958 - Ab B 2 [A) 22 S AN 35 5 2 a ()R IR 45
BN AL A, KB 958 [ EE A iy T BV, B A R 3G 0, o ) 2 g s )N 5 B P ER Y
TR K 7 i R UK

M WUE 25585 , 7 5045 (1) WUE Wi 45 BERE VR 3G 0, KB 52 958 A 1 ek I & 35, WUE 34534 ;2008—2009
S, P DU O KR AL 3 5 2 /K3 KR A 3 72 S 43 R 958 0 7K L 1 /K R 2 /K HE VR Ah B B 3 v T 3 /KEE
WEACEE, 73 7 & H 9.0%  11.2% 11 11.4% 5 2009—2010 4, 7 51U 5 0 /K FEME AL BE 1Y) WUE 5. T 1 KA1 2 7K
FEWEALEE , 55 ER. 958 5 HEWE AL BE 1Y) WUE A W35 22 57, {5 0 7K A 1 7K EE AL 3 43 ) vt 2 7K 3.4% 11 4.5% 5
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W, B0 T 7K P OAS R 958 FEAE 47K 437 BRI, X R B AN B, 1 R WUE A g .
3t i

At IX — e & /N - B FOKRECAE R , FRAf 78 4 /N2 BUE B ROK, AN BRI 4 [T S X — X1y S
brA =tk . Panda 598 H, 76— 58 BI7K A WIE T, /NZ2 W DASRAS A (7K 0 R R, L 557K & 24 1)
K 53 Wiy BT DAY/ /INF2 (R RE K & TS 7= B IR M AN K o AHIE TR, A /IN 22 R B B KR 7K o ol 2 TR U B
W IRE K S IZE DG N, Yanmai20 F1 7 52005 505 5K 8 5 FER B 9S8 A LL , 7TE AW /L T, FEK R ZE AKX,
{BTEK S5 856 AE R A0 5 8 5 AT B 958 HIFE/K BARX B> BRI &, KB Z R HAHE. A
[ it b 2 8] ) 22 59 T BAABLE 7= & E,2008—2009 £ & /N3 Yanmai20 2 7K 5 3 /K BE R AL FRAR EL , 7= B 18
590.0 kg/hm?, i 41 5% FE 8 S A>T 10.0 kg/hm?,2009—2010 4F Yanmai20 1 7K FE LA 2 7K EME AL BRA EL , 7
B T 630.3 kg/hm?, 1141 5 8 S T 420.2 kg/hm?, 35 5215 /K P A [7] ) &N 22 R nt 7K 29 sk
BT R L, Wit — SR BAE WUE L, 2 1Kkt 5 R A

HERE KB, 767 JFE X, B 78+ 2R B AE 100 cm PA R HFE K E8U/D I, 420 HIE T EFEA
TR 7K B A0 3R 28 T DARS 25 AN, By -8 3l 7 T R A6~ IR, BTk 786 -+ 2 7E 0~160 em, &
UCRE R 59 60 mm, T LATH S AE /K ST IS 25 T BRI B8 F B REA TR E /K &R LR 250, H
1A LAt 78 2009 44 /N Z2 ISR AN 2010 4 5 FOKRISCER I, 25 AL BAE 160 om H3EERE B/K R — & £
S AHEAA RN, B

5 A FCIAN , E R 338K 43 BRI 3 AR 0~80 em Y [ , B 5 VEE IR B 1 N, R FHRE K Bt AR
I B SR RE 0 R B IR AR PRI . AT TR R & /N 1E 0~60 em 37K 73 A2 B HK, 1M 60 cm
PAR L3838 K AR/ s T2 a il 30, B BOKBEF AT E — BN B R FE R, 2009 86 Fh 5 A — Ik
75.0 mm [ BT, 2010 45 FOKFE R G A —1% 69.7 mm [ 7K, Rk, FOKFEF G 138 0~60 em T3R50 T
— 3, {H 60~120 cm IR A — 58 W2 57, 1XJE K /N A [FE K A B 7K 73 N353 18 B 520, 31 TR iR
I, 120~160 em 35 /K 73 80t 22 57, Ui W 3K 01— P NiB . T ROKIR R £ A 7E 0~40 cm"”,
2980% LA AR R 40 A0 7E 0~20 em )2 1, B8 & K SRR I 661 7E 58 240 60 em )2 LR IR R 40 A1 th
5 11.34%" s A& /NEAREIHFERIIRJZ K 73 0T 5 KT 5 FIFEXMELARI A, X0 RE R &/ N2 FOKBAE N
VEKAR R B F BRI, B AR FRT, R 77 20, WIRTHT R AR 2, G R T B2 ROKRAR 2 (19 i 5 A0 4L,
P B R ORXTIRZ K A R S 32 sk o R RO
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Effect of Irrigation on Dynamics of Soil Water and Water Use Efficiency
under Double-cropped Winter Wheat-Summer Maize

GUO Zifeng?, GONG Daozhi’, HAO Weiping’, MEI Xurong’, YAN Yongluan®,
LIU Lin*, LI Yuqin’, ZHANG Wenying', LIU Binhui’
(1.Institute of Crop Sciences, Chinese Academy of Agricultural Sciences, Beijing 100081, China;
2.Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences,

Beijing 100081, China; 3.Dry Farming Institute, Hebei Academy Agricultural and Forestry Sciences, Hengshui 053000, China )

Abstract: Two wheat genotypes and two maize genotypes in different drought tolerance were screeded to study
the dynamic change of soil water and water use efficiency (WUE) by designing different irrigation treatments.
The two years experiment results showed that the infiltration was a slow process, substantially in a period of 1
year. In the growth period of winter wheat, the soil water content in the 0~60 cm changed greatly. It was the
main reason that the water below 60 cm soil couldn’t be used by the summer maize resulted in the low irrigation
efficiency. Through the analysis of winter WUE, the WUE increased with increasing irrigation frequency for
drought resistant and water saving genotypes. Contrary to the drought sensitive genotypes. The yield changed lit-
tle and the water consumption decreased for the drought resistant and water saving genotypes in the water deficit
that WUE increased. Therefore, the selection of drought resistant and water saving wheat, moderate reduction of
irrigation frequency, could reduce invalid irrigation infiltration, without affecting the production, it could also im-
prove the water use efficiency in the North China plain.

Key words: winter wheat; summer maize; irrigation; dynamics of soil water; water use efficiency
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Application Research of Crop Growth Model WOFOST in Lalin River Basin

CHEN Hao"?, HONG Lin', LUO Dewei’
(1.State Key Lab of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, China;
2.Hydrochina Kunming Engineering Corporation Limited, Kunming 650033, China;
3. Environmental Monitoring Station of Xiangyang City, Xiangyang 441021, China.)

Abstract: In order to evaluate the applicability of crop growth model WOFOST in simulation of spring maize
growth stages in Lalin basin in northeastern China, 4 irrigation experiment stations (Haerbin, Shuangcheng,
Shangzhi and Fuyu) were selected to establish the climate, soil, crop databases of the model. The growing stages
of spring maize in 2013, biomass accumulation process in Haerbin station in 2009, spring maize yield in the four
stations between 2009 and 2013, and the soil water content in the four stations in 2009 were simulated using the
model, and compared with the measured values. The results showed that the MAE of DOY was 1.57 d, standard
deviation was 1.54 d, RMSE was 1.85 d; the MAE of soil water content was between 1.38% and 1.75%, the
RMSE was between 1.87% and 2.33%, and the MEI was between 0.48 and 0.73; the MEI of leaves, stems, ears
dry matter was between 0.82 and 0.94, and the RMSE and MEI of yield were 0.72 t/hm’* and 0.15, respectively.
The above applicable indexes were all in range of credible which proved that the corrected WOFOST crop model
had certain applicability in spring maize production areas in northeastern China.

Key words: model; spring maize; DVS; soil water content; biomass; yield
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