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BER RGN 2 I BN 2 Re AR RIS P E . A SCEE
X ] T 48 AF 51 XA FH R /K U B, v BT 7K EE T
RESAAE K F AW REE vl DASHE ) S FH O 205, B
TP 48 25 A BEE BORHE T BT DORT A8 T A it 7t
X, FEWCERFIAEBARR . KA. KR B BREAR
EERNECNI N5 37 Sl B i N S s S RS
N K G ORI RFE 5 B SR P VRY R ) SR B B 7 R SRS,
PLA/ N P Bl KA A AR, SR Jensen BEAURAFE, K
AR AR BIR R D TR DN LR FLE T B, 8
A Hl) R A /A2 AR T 2 VEE B ) PSE DA e E A R R
GRft /K B PRI RO A /N FE PR PR LT

1 FARXER

1.1 EXEDR

BORTHAL T s, RIE T AN TS &
b T A A 8.85x10% hm?, .k R jE
6.51x10* hm?, 5 SRR 73.54%; A% 3t b Bk bt i
N 5.37x10  hm?, 5 - HUSTEFLA) 60.65%.

ST A T b Ak YT i AR T T G S 1 ) A
MR G SR, i, R, KRS, &
A RG22 RK. 1R B [ SR H 40 AT FE T R R
PEEE, b A AE L AR b B, s
AR 38.11%, HAiliHh 5 4.97%, & 33.14%,
LR T LT AR AL B, R AR DU a1
Fy PEZERF RSB A, 5 s
61.89%, oo 5Bk AT A 1L BT pp AR EURL T TR, 4
S TR 14.49%, 50 BRER DA N BRI 2 i v A
FIRIX, BT IR VLI 4y, o R TR
47.40%, FHH oA KERERYD Eix. AR I
X ERMESHE, EEHSRBXBLEZAN
44.3%, BN T R BRES DAV (3 i R L AT AR
PIRIX s YoHEL L Y- b AR X R 4
39.8%- 15.9%, EEIAGT R B DUAR I3 PR
DX YD B b 1 X PO, 3 4 (Xl =5 5 3 AR A A Ll o
R, LHEEKMEETS, FOKMERL, BERE LEN

0.25~0.5 m/d, Z57KEE u {4 0.033~0.053; ¥bIE-L. 1
N 11 M D05 R 5 o S/ i 211 T L (A e
FEAKMEERR, Rk, BIEREKMEN 0.5~8 m/d,
YBKEE u {7 0.041~0.067%71,

X A S A BRI AT KR S, Z4E (1956 —
2015 4E) THIBE /K BN 627.1 mm, ZEFH)SIE 142 C,
Fe A E B 2 FRAEM A K, AR 0
X, 2018 FERIE 58N 26.77%10" t.

1.2 KHEEBRAIFIRAKEZRE

A FH JEE T T ) P A e T K RE I ) ) s 1 2
R . BT VARSI BEX, A HHE R R = 5] HE KU,
VEWE /KR 32 BN 2t R KO B R kKU, AN (A HB X
IKBIR B IR %A 22 R . S P IR L Ar P R -
X DAFEEN =, BEBKIENTRER R K (b A R
X LAFAE N, HZH R KRR AN, 98 7K T HE e
REEE R KT 50 m, Hb R KNG A2, ANEEIFRA]
H, A HER 3 B e g N B K TR E BN K.
A T J2 1L 78 IR AT R AR R /N TR - 39 i bt 2
S, AT TE R N P R X L 1l AP R
DX ALy e G2 RE R X — KHEX

Hb R K B IR S EEORYR T R Ik B PR K R AR AR
BRIFIAS ALK, A2 RBN 22%. 25%. 50%. 75%% 7K
TRAIE A BE K B4 5N 723.8. 614.8. 465.5 mm. K
P CHATT 1:10 JIAKSCHU R R B IR Y , BN
FEXZEPEX, RS>, il X, i
JEB 5 HL X o AR 5 SR X 2 AR P B R AR U R B4
041, 021, 0.18, PR (i) XANHHEX, 4%
FE & FRUR) F M2 7K s Ll M A B B2 2 3k X 3 2 b R K
HE S AR AR BN, A TR KR EE N B RRA
R 7K, TRt 8 U B BR A8 FE Ja) db SkAs /N R Kt T
FEEMEHEBRMEK, BKTREEL 75%M K RIEFE
i, HEARR RS EEEXHC 0.18, M 75%FRiE %
A H X RKFRIEE N 83.8mm, LAFEEFI AR N
T5% Ml B, AR X AT AR A A ) 2R K B TR A A
628 m*/hm* (£ 1) .

F 1 HMHARKREERXATHAKERE

Table 1 Available water resource of different farmland irrigation areas in Xinzheng City

b K Surface water iR 7K Ground water K PE ]
. KEIREE T RIFTRE ey KOCER R R FUIBZ e
A< {E’E}Eﬁ B FeKE  ARIARE  Water  Available water “;‘Ktﬁ IR Buried Available ~ Total available Irrigation
Farmland irrigation areas  precipitation/  Runoff  resource resource AICrIeSOUICE  qenth of  water resource  Water resource
. module / module / types
mm coefficient module/ module / 3, 2 groundwater module / ) )
(m*hm?)  (m*hm?) (m™hm™) level/ m (m*hm™) (m™hm™)
P2 PR X
Yellow River flood plain 465.5 0.18 838 SHEFI 1438 5~10 1222 1222 Itk
irrigation area
PR 465.5 0.18 838 A 840 15~50 714 714 it
Piedmont plain irrigation area
1L FE GBI IX
Hillside gentle slope 465.5 0.18 838 628 335 >50 HEFIF 628 K

irrigation area

AR CGBrEsTT 1:10 JI /K SCH R ) P71, 3
W2 E TR EH K EIEEN 9479.69x10° m®, W]
B A 7847.24x10°m® , A B I A B F B H N

885 m’/hm”. . B2 JR HEME X % 2 R /K B 5 n] R
FREBON 1222 m’/hm?, X AR JE R KRN 48, K
PR E (<10 m) , & EAE A HEERKIR; (ArF 5
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VEWE DR Z K TR RSN 714 m¥/hm?, 35
NUPHEL, RAPBEKINE AL, R K KA HE R4
B (<30m) , dEEAE AR HEERE KIS, 1L ZE T X
R R K AR SO 235 mP/hm?, BRI L,
R AKOKALIEVR (550 m) , RABEKHNA 6442, AR
MU, ANE BAE AR B EEEKIEFF R A

R LATR AT E W, BT R P R EERE X L (LA
JER R X R L e 2 3 FEE W IX. = R IX, A FE W ) R
IR EAE S N 1222 714, 628 m*/hm?, #512 F JR i
WEDX o Ll AP SR W X o] R K SR R K, g%
I EWE X T R K BN R K (R D

2 RHEEBRFKESH

KNEELEEMEDTKRES 2L E A S EKE
AR A EF T 338 RS 18] 1) 2 AE R EE TR K &, R K
TR RN TR TR K ER, 772 R /K SR A
LA/ NEARNFEAEH, DIRE/KEIRMFHE, 54
FIFH A BRI K R
2.1 1EMEKE

PEYD 5 /K & AT R I I BRI sl (R et 5 2 Aoy
R, BETRETERS TR, @ TE R IO A X
VEVI TR K S R H AT Bk .

ISR ARG TR & N2
WEM TR KE, R ERE S AT AR R
B 5P ] FAO1998 4R ) Penman-Monteith 73
X, P A &b 2 EA PR R0k, HeiE
HM B & NE S ARG K& ET,, SR MR A S
GBI 5 FTPVRI K R A% I ER AT S0 BT ORI 1 A/
FEE YR EBIT 2 (Ke=0.876~1.01) , X} ET,
HATITIE G133 1A &/ N 22 R IS TERs K & ET, (BJ
FKE) , HAFHN ET N 425 mm 47, X5 HR®
ROV P 7] R0 B T 5 M B £ Ml X &
N E A DR RE K AR —B TR A IR 58T 46
A& /NE AR G K & ET, BUE N 425 mm™,

WA B AT Z AR RBERL, RSN
HWAoA1H—-11A15H) . & (11 A16 H—1H
30 H) « W Q2 H1TH-=3H31H) . il 441
H—4 H30H) . X SH1H—6 H30H) A&
FAEBMEDTKE S 24T KER G 558
16.0%- 9.5%- 22.3%. 27.8%. 24.5%, X —&5R 5 iH
20 50 45 B b 3t X A/ 22 5525 B WA FE K EL 431
FER—F, PEUL ) a v AR AN AR A E K
B RKICN 68.0. 40.2. 94.6. 118.0 A1 104.2 mm.
2.2 RARMKE
2.2.1 A EABAYE LR R E

TIEE AR E. WERRANE LR R E
P EESER . AL NERRS MRS, L 0~100 cm
T2 A R A KA AR K AR N R A KR I
M R, TR AN

Wnp =1000% (75— rv) (D

A W, NSRRI R, mm; 7 A RIEE AR K&
(ERAEKE) 5 %; r, AAEREL %.

A 3 SR BT R A I R R R X P PR 7R
KBRS HEKERZ /D, BTHAT 7-9 A
IKE G EERKER 54.8%, HIRFNERTELRE, B
Wity T RN E ERATHE B, Ft, &/NEEF
IR AT A SRR R XA I B AR
BEMRLE, HPHESE B, RRmsRpEm s, B
WEAERENE. Bk, T3Esebra] kR R
BIFHAXN

Wap = Pu— ETa (2)
K W, AA/NEREFI L BOY R &, mm; P,
KNEFERET 7—9 A AEMMKE, mm; ETa NEE
K 7—9 ASLbrERE, mm. 4 W,>W,,, B, SZEREKRE
=W, H.

T R R R K L R KR %
BERR . WHERT A AS [R5 M - e K MR 7 45 SR AA
weszmgE g, FIHAR (D HEED . wiEL. #t
AR B R IRIB S A03R 2 Fion. R 2 aRLEH, &
A 23 AR S L KRR R BAR A 2 5, HA2
AN [R5 M - ) B KRR R 22 7 R, AU R S
PR EAE, ISR T P R R X . LA TR X
Ly Fr B3 HE R IX 1) 338 o KRR 243 08 110.5. 145.5,
164.0 mm /245 WARF BT 1956 —2015 SE X G304 4 it
TR, BT FEIKE (25%FEKREZR) | FKE (50%
FKARIER) « T5E (75%MKEIEZE) 7—9 H &M
BN 396.6. 336.8. 260.2 mm, ZEFHEKEN
271.5 mm (GGEEEERLI/N) , ATLEW, #HEt=E
IKAESEKAE 7—9 AR B R T A KE. FIHAR (2)
A SAG F K E T TR . AT T R X .
e SR R X A /NS R P (1) T S8 B 40 il 207 110.5
125.1. 125.1 mm; Tfi-FoKFEFTF-RAEA R HE X ) T 458
WM, %18 65.3. 0 mm.

F2 ATRBRMTIESKESEIE
Table 2 Moisture capacity parameter value of different soil
texture types

SEON T

T+ BRI Eﬂ IEU%TKE M%%#{ Maximum soil
. Sources of  Field moisture Wilting A
Soil texture o - moisture before
data capacity/%  coefficient/% X
sowing/mm
Wi tpg e 4401 12~20 6.2 58~138
oy LIREED 1220 6~8 60~120
s AR 132 6.2 72
Sandy soil (9]
55 21.3~25.0 62~7.8 151~172
ARSI 13.8~22.0 6.2~7.5 76~145
Wi tpg e A4 17~30 75 95~225
it ERpED 17~30 8~12 90~180
Sandy loam  ZE Rk 18.5 10.0 85
soil b 26.4~312 5.9~9.7 205~215
AW 21.0~29.2 7.5~13.6 135~156
Mrpagesslol  24~35 112 128~238
. TR 24~35 12~18 120~170
Loam soil 2% R K 21.7 11.2 105
5 30.4~35.5 7.0~13.3 224~234
ARSM 252~340  11.2~152 140~188

e HEEKER, 2 RBETR R G KA,

Note: Field moisture capacity and wilting coefficient are all water percent of volume.
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2.2 A EEEFHRAALEAKE

KN E IR RE N, FEKE S WA 2L
Pk, MKIEHAT 1956—2015 F 543, GitfH
T FIRE (25%BEKIRIER) o SFIKFE (50%FE7K PRIE
H) . FRE (T5%FRKRIER) &/NEed 5 HERE
534 254.6. 2163 163.8 mm.

2.3 EBRFKE

HI TR A T & =T PRk &/, s mA K, #nr
AF AR RMANS TR, &/ 22 RE M R 7K & H TR T
LA 9

W=ETm—-Wyp—-P (3
qrb WA NERETYEMTKE, mm; ETm A%
M KR, mm; W, NE/NZREE, mm;
PR NEAAEFEWRKE, mm.

HO T AN A E IR K RN 425 mm 724,
M (3) THEAT M T & REWE DX AN [R] = 47 5 1
B KEINE 3 frox. B3R 3 w5, FREREX KA
PR BB R TREML R K&, BRI /KA X ) T A
IR BR8N T AN A K &

R3 FMTARKREERXZNEEMERTKE
Table 3 Irrigation water requirement of winter wheat in different

irrigation areas in Xinzheng City
HEMT TR

— B 19 e J= = = R
REEE ke R URKE KR
Soil water Atmospheric Irrigation Available
Farmland Frequency of R
e content precipitation water water
irrigation areas years .
/mm /mm requirement resource
/mm /mm
W2 PRI 25%F K4 1105 254.6 59.9 122.2
Yellow River 550/ spop 4z 653 2163 143.4 1222
flood plain
imigation area 7S%THE 0 163.8 261.2 1222
BT B 25%F KA 1251 254.6 453 71.4
Piedmont plain  50%F/K4E 653 216.3 143.4 71.4
imgationarea 750, TRLE () 163.8 261.2 714
W B HEBRIX 25%F7K4FE  125.1 254.6 453 62.8
Hillside gentle 50,54 65,3 2163 143.4 62.8
slope irrigation
area 75% T F4F 0 163.8 261.2 62.8

3 KRFRARFHTREEKEGMRLSE

AR, fFhEAMUS 2L TR fUKkE
AR, BT HOKEESEF ARSI, ki
YRR 73 77 R B H5 AT IR K BRI Ak 73 e = AE ) 2
KRR, e AR 7 R, 3K R 2L
WK A RS
3.1 1EM7K A P R AR B RO 1R Y

PEMIK I3 2577 B B R AR W07 8 5 AR W A K
B2 RAMNBEAREL R TP BOK > A7 b6 0
RCR] 73 N RS 2 Fh o SRR AL A A4
LT AR5 A B B BORKO AR A A 3 AN i FE T
IR, T H RS TARIB Bk i) “ a1 X7
B, AT R0 BO T SO AR
AR, SRR SRR 2 R B8
TEMIBET IS, MRS 7 &, AT S SEbRiE L, B,
RGN 7 B AR A SONE B IR B, TS

Sbr. SKEFEPF R Jensen FeiEAAL LA A FE
B, Jensen BRI FRIE A

n . ﬂ/l
ﬁzl—[ ETa: )
Ym o\ ETmi

K n NEVIEE B BEG ( NEMA B I B 5 ;
LN i BB BURIE R ETa, N i R BB B
bris R &, mm; ETm, N5 i EEMBIMBEBRKE (5
Ym XN ERE) , mm; Ya NEYISEBR &, kg Ym
FE R R (R . ke
3.2 BKEFMUKBEAEZSE

KNER R E AT R NI AL R
P EIR-RREA S MEEM R, 4B 1. 20 3. 4. 5K
TR, ERE—HBIX A NFEI ETmi A 30000 [ 52 3 5
Rk, &/ RE /K BIRTEAE AN TR A2 B B B i s fle b
oL, RIEFEKSE—ERNXGT, =R & KN ER
AR IR ETa, W2, BIXT A (4) K ETaAE Ya/Ym
B RE . fERARH ETa; )5, BRI E &N EAH
BB R W, HEAWT

Wi = ETai—Wapi — Pi (5)

o WS P B BEKE, mms W, N
NS P AEEM BIRIE R, mm; PONANES P EE
BB %K &, mmo

B FAERE X, — B SAEERE) W, F P YR
WL B, RFEH ETa; FED RIS BN EAREF I
BHE K E R Wio ETa; WRIATTBUTR

D T RMETTE, Kl (4 RikHN

F:(ETal T(ETaz T(ETasj”'“(Eij“[ETas T 6
ETm ETm> ETms ETma ETms
2) RHEAR (4, KMF Ya/Ym EREEHZ K
it F R, AR (6) WEALA
e (ETa)" (ETaz)” (ETa)” (ETas)" (ETas)"
(ETm)" (ETm2)"* (ETms)" (ETma)"* (ETms)"
3) BT EHIX, —ESEFEE ETm X (ETa))
NEEL L AONER, BIR
1
(ETmi)* (ETm:)"* (ETms)" (ETms)" (ETms)"
ETai=xi-Q 9
Kb a WHEHG 0= (ETa), NEEG xi N ETa; 5 O B
EbBl 250, x o txstrgtxs=1.
4) ¥ 8 . 9 AKX (7D, W (7) 7]
FRN

=a (&)

F =a- Qi]+iz+13+/14+/15xl/11x212x3/13x4i4x515 ( 10)

5 HT a Ov LBAEH, B (11) XAk
N
F=A-x1"x2" x3% xa™ x5 (1
A A Ay Jos Ass Aas As BIREHL
6) XA (1) Kimissr, HAHEET 0, WnI1H3.

A- A x? T xa P xF xa xst =0 (12>
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A-Ar- 2 M P xat xst =0 (13>
A- A3 T xa M xo xaM xst =0 (14>
A s xda* T xit xePxPxst =0 (15
A-As x5 xitM e P =0 (16>

7 AL ) s a3 X a4 LR Aas .
A (16) %, B4

A A
X, =2Xx~ x3:£xl‘ X, =X X=X
P 4 21 p
8) T xitvttxtxs=1, FE:

2 13 14 15
X +—x+—x +—x +—x =1
A A A A

Al
He A+ A2+ As++Aa+ As

EEIEGH

an

A (18)

% T A A A, + A
¥l (18) AL (9 715
A0 AW+ P+W)
ﬂ,l+lz+ﬂ,3++ﬂ,4+ﬂs_/11+ﬂ,2+13++ﬂ,4+15
(19

¥ ETa, RANAF (5) B[ iHEHANEARAEFH
BARAL A3 BC [ HE K SE B Wio 24 ETa/ETm; =1, ETa; 3 ETm;
B, WRERRKENTE, RPUATFEER, BB
I3 RIRIKEA R T BRI &
3.3 RS EBRFIERFE
3.3.1 BRBARE L, 09K

A 78 73 VEE R 1) PR A i 0 AR TR R K T U A PR ) 2%
PR, ERAEY 24 F A R 226 B 23 Bl PR 7K
&, KA RPKEEHTEY ST KB, PRI
R R iR & EBEEYA R A E I BIED K 5
BUBFR R B e A E R R S . P E A 20
80 AT ARLEIE A /0 EWE J7 TR AT 1 K B B it 7
TE ARG AR I HE, K Jensen BEAL5J))
EHIN S B2, WdbE s CEEE) @i 7 &N g
EEMFKESEARREA, THEH T ANEARF
LB BRIK D BURIES (R4 . HERA4VEH, A

ETai =

BT FE 3 A5 AN TR 3 X T 53 B &N AN TR A A B BUY
BB B AR A R, SR B KB/ P U
TR PR WESR L mMLL R, AR AR-E SR SIS whoK
ROV, SO, SRR R, T A UK
P/, SR TR AR 23 A e SR AT A [ B A A
MU o B WU R D A 78 7 V8 Bk 1 52 A ) B0 T
PRARHEA . R4 T R . BT —EMIERKRE
AR B A AR RS R ST, EHLWSCER 1 B )X 6 258 for
FAACT IR X, S AL T A F s SR X, ik,
F A C A TT R AR I T X AN ZE K 3 2R 7 R
WM, HEIGURMERE AR, WA BUR
PEFRE P IEREONE R (R 4) « AKX (19 WFE
i, BEZKOE A LA 0 e 45 R R TR AN R A & B B
BB i B RO ADS RDS - BBURRE 48 0 48 XD 70 e 45
RECHIANK

x4 ZNEFELEEHREDKS SRR
Table 4 Water sensitivity index of winter wheat in different
growth stages

S S . wHH ik 4 1 i ol I BEH
gk o OTW 0 BEOR BRI
. Seedling Over-wint Booting Heading  Filling

Data sources Region .

stage ering stage  stage stage stage

[19] M 01500 00110 01730 02420 0.1740
[19] 2 01140 00810 01470 0.1640 0.1280
[20] B2 00588 0.0148 01469 03286 0.1042
[21] #0208 0.0465  0.1912 02473  0.1704
FHIME Average value 0.1109  0.0383  0.1645 0.2455  0.1442

3.3.2 TRAFMNBRERBLE ETa, 095 %

AN R FE R DX AN [F) S AF B E oK B —R AR . 2
KNEEEFMIOKERT 2L FHEY T KE 425 mm
W, ANEAEMBSLRER R ETe i KB RE (FK
) ETm M5, BUEHA. R4 3. A, JER-ahsg
A B WK E 51N 68.01 40.2. 94.6. 118.0 A1 104.2 mm;
e F MUK ENT 2L FTEDFTKERN, #RA
X (19) MK 4 o 4 WBETHES, AREFH B
brits K& ETa; 5K S E BRI 15.8%. 5.4%-
23.4%- 34.9%- 20.5%. fE LR I ETa, = ETm,
UL, ETa B0 ETm A8, ASFERE XA RS EER AN
F A E WS bR is R E AL LSS R 5 Fios.

x5 MATLENELEFHREKEERETREENEMMUBLE
Table 5 Total supplied water in full growth stage and the distributing evaporation
in different growth stages of winter wheat in Xinzheng City

mm
A S = T —— .
A R X AR . %e% ;Ja,tf rT,S\:Jr; :Aation TEJ ﬁiﬁ B Fﬁﬁﬁﬁfﬁ 3 Dlstrlbutlng jvaporatlon in dlf;:;ent ngth;Stjgi:
Farmland irrigation areas ~ Frequency of years PP 7] A Over- PATH L HEHH]
in full growth stage Seedling stage  wintering stage ~ Booting stage  Heading stage  Filling stage
\4 . 25%F K4 487.3 68.0 40.2 94.6 118.0 104.2
VS A2 /’\J Y X
UL PR HERX 50% K 4E 403.8 68.0 259 94.6 118.0 97.5
Flood plain irrigation area
75% T 548 286.0 45.1 15.6 66.9 99.8 58.6
1L BT JER R v X 25%F K4 451.1 68.0 40.2 94.6 118.0 104.2
Piedmont plain irrigation 50% T 7K4 353.0 56.9 19.7 84.4 118.0 74.0
area 75% T 548 235.2 37.1 12.8 55.0 82.1 48.2
WLy 7 23 VEE R X 25%F K4 442.5 68.0 40.2 94.6 118.0 104.2
Hillside gentle slope 50% T 7K4 344.4 55.1 19.0 81.8 118.0 71.6
irrigation area 75% T 4 226.6 359 12.4 533 79.5 46.7
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3.3.3 FRAHNERRABKE PIRABEKEIR 6 Fin. KR 5 hfE &N AR

AN [ R DX AN [R) 540 4 2R 46 /N 22 B ) 1) - 398 i 47 FAEB MBI AR, Wk DR E (R 3) MASM#
BUER S Fn, KR 60 a HaAm KAMWERHE ST  KE (R 6) MINREAAREEX . NRESEERLNER
3, FIKEL PKE, TRELNEZHH B . FAE BB e, BARmER 7 s, 24 wi<0 i,
R, FEIR -G TR A B I RSB KRR 6 BTR . UL KRR K B KT SEbris k&, AN Fs R, #EKE
3.3.4 AN ERR AT NBRIENRTH KL 0, BE R ETHNIEY T —4 T W B L3R

AT S F AN EIEBE X AR SR ER N2 F 1 . MR 7 ATEH, BOATFEKELNL RN
ke, DA/NERE RN ER, @IEEDKS BRI, KRS REEE B B 73.3%~96.7%:;
AP RERAR R, BN EEFYHMKEBMRMANE  CPKEREOCE I IR, K E B e
B TEMRIAFAET B, IS B kE (K5 . B L4523 A 60.8%~68.5% 32.2%~38.0%; T-F4E

ANFEFARAEFERL AR X A /N R A 1 1338 WIS R SR FESRINTE R, AR O
WEWE 3 Fon, ARPAGEEMNELNERFRAGNE B, BEKE RS FEBE 2 8 LB &k 53.9%~71.9%.

*o6 HMMBHENELRREBHRKRSEKE

Table 6 Atmospheric precipitation in different growth stages of winter wheat in Xinzheng City

mm
ARAAE T LIRS AT A S
Frequency of year Seedling phase Over-wintering period Booting period Heading stage Filling stage
25%FJK4E 25% high flow year 486 489 458 512 60.0
50%F /K4 50% normal flow year 41.3 41.6 39.0 435 51.0
75% T 245 75% dry year 31.2 31.5 29.5 329 38.6
2 #7 MEIS (A SEHEE HEKEE
F=7 HATARSUERERZNEREEEEEKEL
Table 7 Irrigation quota in different growth stages of winter wheat in different climate years in Xinzheng City
m’hm?
- - WK Imieat .
¢ s R A B WK EAT Trrigation quota in different growth stages
Farmland irrigation area Frequency of  Irrigation total g fOrSi] P S A
year quota Seedling stage  Over-wintering stage  Booting stage Heading stage Filling stage
s 0,
B2 FEIR 2% 600 0 0 0 160 440
Yellow River flood plain 50% - /K4 1225 0 0 15 745 465
irrigation area 75% T R4E 1225 140 0 215 660 200
25%F K 455 0 0 0 15 440
AT PIRHEBIX Piedmont 50 s ) 4 715 0 0 0 485 230
plain irrigation area
75% T 54 715 60 0 70 490 95
L1 2 W X 25%FKAE 455 0 0 15 440
Hillside gentle slope 50%°F- /K4 640 0 0 0 430 210
irrigation area 75%T- 4R 640 50 0 70 460 80

CEVEAEWL . WA . JEF8 0 EE 3 FE 5N, SIHEWRS 5t 20 Bl 40.9%. 20.6%; T FAEREAER S
FIR &N KA R (R4 D SHEYIAX = 8t VEE VR 1) A S5 1K) 2 /N 22 77 B B AN E B ) B0 WE TR o
TS, WMESERWER 8 fim. MR 8 \TEH, T/KE T4y RE 58.9% 23.8%.

SRERAE 78 73 HE IR 1) B ik 49 A 4 /N2 7 2 LU AN VR B 1Y
x8 HIHARERFEBERTR/NEBMTEHE

Table 8 Estimated comparative yield under different scenarios of irrigation schedule in Xinzheng City

- i ETa/ETm;)" e
i e _ (ETaETm) _ e
Frequency of year Irrigation schedule i 3 A1 P Fjigre] WS Relative yield/%
Seedling stage  Over-wintering stage Booting stage Heading stage Filling stage
ANHEE 1.00 1.00 0.86 0.78 0.90 61.1
50%F- /K4 -
50% normal flow year Y51 e, 1.00 1.00 0.91 0.84 0.93 714
JEF0 7 HEE 1.00 1.00 0.87 1.00 0.99 86.1
ANHEE 0.92 0.99 0.83 0.73 0.87 475
75% 1 54F -
75% dry year 5 REWE 0.96 1.00 0.88 0.80 0.91 61.0
AEFE 5 HEE 0.96 0.99 0.90 0.96 0.92 75.5

W ETa/ETm; Yl & S e KB EE: 409 i E BB MBUEBSEEG X BN SEhn &5 78 /B 1 T e R ..
Note: ETa;/ETm; is the ratio of actual and potential evaporation; /;is sensitive index in growth stage i; Relative yield is the ratio of actual and potential yield in sufficient
irrigation.
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H A E N XHEYK R e it s, R T K&
M4/ AR B BRI I HE, HEH AR
) SR H AN AN F AR B AL K &, T ELAR A it
IKEWEER T FHEEKE, KSR LK E.
B B K B A e T B K B, X — IR T A A
XEEAKB R, TR, KR E RS A AR AT
RS, DAL RS e BRI K BB, AlidixX— ik
R RE, EKTIEA KM T, CHBTRIEMELLTE
S5 B SEPREE TAE

B AR T A H E R TR A K BRUR BN 640 ~
1225 m*/hm?, AN ]G 48 3 7 bs i —A Mk i 7K e 4
g 11 28.8%~55.0%, {HA&, TEVE AR H5IHE
WE AERTEERE 3 FRE R, FIHA/NEEIK AT R AL
YHEVI P BTG, Al AP /K A R BUCE 78 43 0k i
JE LU 35T REBE T3 7 20.6%~40.9%, T F4EA]
77 23.8%~58.9%, Kbk, FEAR HHJEEWE K YR KT R 1T
FFRMX, RO dE s o I R I, AR
R, NHETRFEAEL/NEHEME, RHWRS
TTHI ST, FKE/AN, (ERIfRE, M- OREE.

Bt E 2 X% E TRy, MRTRKE
MEM TR R AEVIK S BURIE A HE, NER
53 VE R ] i B T SR, BRARIX RIS E A —
SEARKER, (HRAH T e ek, BA =N
15, RPN RS TR Sk, JF

TESEB AT e 25 52 3 o
4.2 # i

D EXNEEEFTIOUKEEAN L (KEBEBKE)
BOLUR, FIHIA & /NF Ko BURE U8R R, K
Jensen MR AL AT DAAA 5L HH A& /N AN R AE B R B 43t
KiE CGERRERE) RAE, DUSEEUVNE P B K,
ANTE AR B B BEAE K R 1020 B L 45 L K o SRR B/
21k,

2) AT R K A K BT AT AR AN R HE TR R
B, MEMROCHEIA N RE SR, WEAK T A R AT L
N 73.3%~96.7%; “FKEMT REKFEE/DN T BT
KR, BT o R B, S R LR B KR
VK R S B A SRR E SR, K S L R
HRET L1554 60.8%~68.5%. 32.2%~38.0%; T-F4F
BT R SR, FESRINTE I, SR O
BEIA, VKB B R E B LU R IE 53.9%~T71.9% .

3) R A& /INZE K o AL oR BUA SR P AR G 7 T
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Water-saving irrigation regime for winter wheat in county areas under
water resources constraints

Zhu Jiawei, Zhao Congjia, Guo Ruirui, Zhou Linlin
(College of Resources and Environment, Henan Agricultural University, Zhengzhou 450002, China)

Abstract: High-efficiency water-saving irrigation engineering technology is facing a difficult situation to be extended popularly
covering the field crops. A feasible way can be to optimize the water-saving irrigation regime, thereby to improve the
efficiency of irrigation water. In this study, an optimization design was conducted to develop a water-saving irrigation regime
in Xinzheng City, Henan Province, China. Three scenarios were set, including non-irrigation, average irrigation, and
insufficient irrigation. The specific procedures were: First, Penman-Monteith formula was used to calculate indirectly the water
volumes that the winter wheat required in the full and every growth stages. Second, the collected parameters were selected,
such as meteorological data, the field moisture capacity, wilting coefficient of different types of soil texture, and
hydro-geological data, thereby to estimate the total water resource that supplied in the full growth stage of winter wheat,
including atmospheric precipitation, soil water content, and available water resource for irrigation. Third, the water sensitivity
index of winter wheat was used to monitor the water demand of winter wheat in the different growth stages. Taking the
maximum yield of winter wheat as a goal, a Jensen-model was selected to optimize the total supply water, and further
distribute to the different growth stages of winter wheat. Finally, the obtained parameters were used, including the actual
evapotranspiration, atmospheric precipitation, and soil water content, to calculate the irrigation water quota in different growth
stages of winter wheat. The results showed that: 1) The total supply water was less than that in normal and dry years in
Xinzheng City, Henan Province, China. Therefore, it was necessary to implement deficit irrigation regime. 2) Since the
Jensen-model cannot be used to calculate directly the irrigating quota in different growth stages, the actual evaporation can be
achieved for the weight coefficient of sensitivity index in different growth stages of winter wheat. Specifically, the allocation
proportions of evaporations were 15.8%, 5.4%, 23.4%, 34.9%, 20.5% in seedling, over-wintering, booting, heading, and filling
stages. 3) In Xinzheng City, the key irrigation periods of winter wheat were the heading and filling stages. In filling stages, the
irrigating quota accounted for 73.3%-96.7% of the total irrigation amount in high flow years. In heading and filling stages, the
irrigating quota accounted for 60.8%-68.5% and 32.2%-38.0% in normal flow years. In heading stages, the irrigating quota
accounted for 53.9%-71.9% in dry years. In Jensen-model estimation, the yield of winter wheat under insufficient irrigation was
20.6%-40.9% higher than that under non-irrigation or average irrigation in normal flow year, and 23.8%-58.9% higher in dry
year. Therefore, the amount of water resources available for irrigation in Xinzheng City was only 640-1225 m’/hm?,
28.8%-55.0% of the quota given in Henan Province local standard-agricultural water. Nevertheless, the insufficient irrigation
can be recommended for the field crops. The finding can offer the basic counties (cities) data for extending a deficit irrigation

regime to other counties.
Keywords: irrigation; crops; water-saving; deficit irrigation; irrigation schedule; Henan Province



