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B, MEF S EY R K= A B . I
VTR R 5 a0 Wik, 45 Hh R O P38 AT R i) 2
G N EFUK B EER R, A
KA AR I 48 tH, B HE A & NETH
KN B SR R P35 KGN o EUVIN R AE 5 #T
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G TESBERA -, AZFHERZFHEOR
IFE] S P35 RE . AR RS IR s, AT
AR Hgzm, KB ARBEESSEYT KENT
S, B AR A K AR A, ANFEIBEKERT
KL HFXIAEY K E R0 AN G T, A fpidt—
AT . CAUMR DR IR DB 1) R Y AR T 7 7 A FH AR
A R G0 5B AL WIBI 70k /R 0 A B B R A
RBFR RS DORN G, 458 1955—2019 4F
iS5 %84, K Penman-Monteith 2 SUFEY) £
HoEl, WA N - TR K AR AR AR X AR
YK EAEOK EEEYZE . AR A [F] B K AR 1Y
T HIRARE, IR T 0 M TR B AN [F] B K
FEMTEMTFKEMEEIEZRH T, ARXITFRE
22 REI A 7 SR AR

1 R5EE

1.1 #RXHER

CINEENER R K SO s T B R P R VIR
v (115°34'09"E, 34°35'04"N, ¥k 50.2 m) Hukb
T RAHAES RGN, EPE TR, WiRHEER
R, MR AR N Tk W
POEAE, ZNZERFARER 10 HHH—EF 6

H Ef), ERAKREKFANEF 6 H E—9 A M.
WX Z 41 (1955—2019 4E) BE/KEARN 7129
mm, FZEKEN1 7350 mm, G HIERE N 2 149.1
h (%/N#ZE1 2893 he B £KZFE 737.8 h), FF3
¥ 143 'C (X/NFZF 83 C. EEAKZE 256 C),
=0 CHUE 52925 C (%/hFEZFE 20298 C. B &
K2 28207 °C), AW 206dEA. Xkt
FE R PIRRY R E W L, A Ehm L
W ANEFE LRI . H 1994 SRR eS|
AN TRE DA et K, @I o g B K S
WE ()7 AT HEE
1.2 BEIKERIBIXI 57

K BC A E AT B KRR 43 o LA /N2 3R ol
BRFEE KRR N BRI TR BAr, AR K&
HREVNEES, MRS M%, kK ihskity
Bk T RS2 AT IO, BR/K B <25%[% K IRIIE
FRAERUNFEIKE, ZT75%0F KRR 284 B R K4,
HARFEM AT KEDT, ZRHKEMFENEST,
TR AP K E WE 1.

%1 HARERREKFET EMEHE
1955—2019 F-F ¥ K=
Table 1 The average precipitation of crops under different

precipitation years from 1955 to 2019 in Shangqiu

o ‘ R it SF 8RR B /mm
BfE/mm e g ER O FEkE e
FiliK 4R 585.7 15 189.9 317.2 507.1
TR A - 32 224.1 449.9 674.0
FIKE 834.4 18 300.1 653.6 953.7

1.3 EEEMESEIRH

KR TOR 2N 2B W AR —IR T . R
FH— R RO AR 4 AME
BB, HEKEFY D N —R T K —
TEERA . HhEE—BCRI 3 N EREL, EMAEE
IR BT R P A% AR S 2R G0 1 5 SRR L T
5T ¥4 (http://sqa.cern.acs.cn/meta/metaData) 1999—
2019 EAEMAE S WINESE, HEELEFHERH
WFME, 4R 2.

%2 AAME 1999—2019 F &%, EEALEFUH

Table 2 Crop growth period of winter wheat and summer maize from 1999 to 2019 in Shangqiu

A PES
A T B P e HH B i B
1014 0221 0315 0415 0603 0606 0716 0805 0925
MRAE R P R HAES REEZ B IR0 1.4 SEEFRSEEMEKE

WAt 2011—2018 F R HR i & B ORI 1R
TR ERSE, SERNESEEDTKETEL
N B EKRBEEMARBIFBCEIE, SR IER 3.
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[EFERSREEZKS %0 (http:/data.cma.cn/),
BARATUEHT A 1954 4F 10 H—2019 4F 9 A, %
BH YR REiREMRREE (CH. MXHE
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(%), PEKE (mm). FHHGE (m/s). HIEFN
] (h)o Z/NEFESGHHE NEFE 10 HREF 6 A,
HEABE G NTE 69 A, HESZEEH
1954 4 10 H—2019 4 9 H, &/NEZE. B R AKFEM

KNFE-ERCKFEELN 65 a ¥, XL 1955—
2019 FRKx. ZEEYTFKE (ETy) KA FAOS56
HEFZ ) Penman-Monteith 7 F2iH5E, HAK L SCHER[16],
ACAFER

A3 HHEBELA DR, EEREGFH AR

Table 3 Crop coefficient (k) of winter wheat and summer maize at ten-day scale in Shangqiu

o A4 10 H LH) 10 4] 10 A FH) 11 A LAy 11 A4 1H A 2 A LA
) ke 0.61 0.57 0.64 0.65 0.63 0.65 0.64
A 12 HHA) 12 H R A 1H L4 1 A4 1ATH 2 ALH 2 As)
ke fH. 0.58 0.55 0.53 0.51 0.51 052 0.54
e At 2ATH 3A LA 3 AdA) 3ATH 4714 4 7 4 7T
N ke fH 0.58 0.74 0.87 0.97 1.08 1.14 1.18
A 5 H LA 5 H 4] 5 HFA 6 A LA
ke 1.13 1.08 0.71 0.47
A 6 A LA 6 Hf 6 H 4 7H LA 7 AA 7H T4 8 A LA
Tk ke 18 0.43 0.43 0.59 0.82 0.99 1.22 1.27
) At 8 Aty 8 HFH 9H kR 9 Aty 9 FH
ke fH 1.29 1.27 1.30 1.27 0.68

1.5 BYEKE, EMEKE. BKENTE
P 1 X 26 /N 52 TR B ) B /KB BE AN K, A=
AR B IR RN, TR A BT A oK E
UM 3K &, AR E T O
Pew=PhutPw> (D

S Pow AANERRFRTE A 5BAK K
W T A 2y Py NSRRI H (014
KB (mm), TFAKNEREF R Py AN
S H WA (mm).

HRKA KRR 4 R BRI,
ﬁ%m:

0, Py <5
Pe-M: O9PM; 5<PM<50’ 2)
0.75 Py» Py > 50

K Poy WEFKHAMEKE (mm); Py NE
FoKHBEKE (mm).

KAED REOE AN E . ERKTKE,
Bl ET=KXETyo R H: ET, WEWFKE (mm/d):
K R%ENFE . BRREYREL

K ENEYIAE B W BOA B K S 2R K
Bz,
1.6 BB E

SKH Mann-Kendall 32X AN [ i [a] ROBE A3 28 K
2. (EMFHKEMEDHUKERT@BGR, St
i 7>0 BN EZRR R B THE, Z<0 FRIRZ
b PR, 4|z >1.96 BB EE
(P<0.05) P% X E Gk R H T XHE
WK BRI TR I AT HEFE Y i R 4.2.1 #E4T
R . St

2 ZREDH

2.1 BubEKE
2.1.1 &k, BERAFRANL-B ERABFAAE
K&
Bl 14 1955—2019 4 /NER, BT KFERA
INEZ-B R AFER MK E. BB 1 ATk, wE i
X &N REKE YN 242.8 mm, &SR
BB ER] 40.68%, mfEHILAE 1963 4 (505.5
mm), FACEHIAE 1970 4 (109.3 mm). LXK
A WK E 8 354.1 mm, 7E 107.9~663.4 mm
Z W), mmEEIAE 1979 4, HARE HITE
1966 4 . %A /NF-H K KR FEH KEKEE
268.8~998.8 mm . [A]484k, i e fE AN B AAE 430l H
BUTE 1979 4EF 1966 4F, f i B ARAE H IR A]
H5HEEARFMHE, "TREZEN 1979 £ H EAKFERKK
BEOK, 1M 1966 F 5 FKFERIA/NE R K EILH
DRTEL. X 19552019 FEA/NETF, B EKFRL
INE-H EKREER MK R AT RARI R, =
Z5yHIL 3.09. 523, 8.32 mm/10 a (R ZHEEEE FT).
—— KNEFE HEKEE JAAE

120 e KNES PEP S 4
y =0.31x+232.63 y=0.52x+336.79 y = 0.83x+569.42
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ADNE-BEERBAFABEKREFIFER
Fig.1 The interannual variation of effective precipitation in the
winter wheat, summer maize, and winter wheat-summer

maize seasons from 1955 to 2019 in Shangqiu
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212 &2k, AERZSAFTNEAZEKE
KNG BREKREEFTNBASEKE LI E
BIRIRINE 4. K/NFEFER—IRTF WA K
BiE, NN EFEAYEKER 41.74%, H
VORI —USCIRIY, BRI LI, HEX
/INFZ IR T R AR R T — AR A R K &= 43
A NET] 7.97%F 12.59%, HIJEL2ZE %k
B, WX 2 NMEF BB RN, B EK%
A B W B R K B 2 A, BRAERE R —ik
TR MK E RS N EES A, HAAEFE B

PRGNS E TS, WO K N R A N
WOk, R ERLE, AT EEK, R
AT EEHEWR -

Fili 7K 28 /N 22 - B T R JA 4 1 K AR 2 /N 22 il
TE— SRR R K B R R % ETHES (P<0.05),
R KFERTRE LN UK ER EIHES,
FIRFLNZTA KRR TGS, ARFEK
FRNETRFAUFKER ETHEY, HFKFE
BT EEAE K B 2 82 T REEY (P<0.05).

k4 A2k, LEREAFTNBAMERETNA LA AL

Table 4 Annual variations trend of effective precipitation of winter wheat and summer maize at different growth stages

KN

LERS .

BEokEm bR

B —IR N RE RO R AR AR B BRI SO o K

PE/mm 101.4 194 30.6 91.5 242.8 122.0 85.3 146.7 354.1 596.9
FUAGE SRR/ ] ) )
(652) (mm40 a'l) 3.37 0.10 2.12 1.74 3.09 4.32 1.45 8.10 523 832
VAL 0.92 -0.06 -1.18 0.76 1.08 -0.66 0.29 1.33 0.62 0.97
PE/mm 88.7 17.8 22.5 66.3 195.3 84.7 53.7 96.9 235.3 430.5
= =
LSS wﬂ’i@ﬁ%/ 8.86 -1.41 3.79 422 15.46 -0.91 3.53 3.19 7.64 23.10
(15a) (mm4d0a™)
VA 1.44 -0.30 0.05 0.64 1.53 -0.15 0.25 0.94 0.05 2.23*
118 /mm 93.0 19.8 29.2 87.0 2289 120.5 90.8 125.7 337.1 566.0
SZ = %
FoREE wﬂ’i@ﬁ%/ -2.48 0.20 -2.58 8.31 345 -7.79 5.54 4.46 221 5.66
(32a) (mm4d0a™)
VA -0.26 0.11 -1.64 1.99* 0.68 -0.97 1.14 1.01 0.29 1.04
PE/mm 126.8 19.8 39.8 120.7 307.2 155.8 101.9 225.5 483.2 790.4
= =
FoRAE wﬂ’i@iﬁ_}}/ 10.12 0.61 -4.81 -13.84 -7.92 -2.76 -8.63 12.43 1.04 -6.89
(18a) (mm4d0a™)
VAL 1.33 0.57 -0.42 -1.25 -0.34 -0.11 -2.01* 1.17 0.19 -042
HEMREAE P<0.05 K TR EE, FH.
2.2 1EMIEKE 1200 e RNFE HEKE A
[ennneeees KNS HEKE R4
5& ,‘& S Jz 7‘& 5& _ 4 Jz
221 &2 kF, BEIARAFRANEA-BEEAAF Y 1000 | y= 2524+ 043,78
o = I
&K= £ 800
& > . M S i -
2 0 19552019 &N HERFERLD  E g y=-LB5+ 50489\ _ 4674+ 438.90
> S V= WAy i R j 83 oA 3oiligheonencs. .o ° R,
B TR EEYFKEFERE. HE 2 774, g 400 | wu'f?-w\s-ww.;a;a;fw-af”%«c-w
N . L
A b X N EZEFIKEFSN 4167 mm, e fE = 200 |
HILEE 1968 4F (504.5 mm), HARAE HILE 1991 4 0

(330.7 mm). HEKFEFKEFIN 443.9 mm,

W HIE 1966 4 (611.2 mm), HfRfd HILAE
2003 4 (356.7 mm), AR EEESHILE 20 {i
4 60 FEAR, FRAEYYHBLE 20 ORI E 21 tHa
VI, &/0NE-HEKBEEDTKESKE
703.0~1 086.3 mm Z [W74 4, {EVFKETIH
860.6 mm, 5 = {E FIERARAE 73 50l HIRAE 1966 4 (kb
JKEE) F 2004 4F (FF/KAE). 19552019 F4&/NE
. HEKFERENEZ-E EKEYFKE#AT
Mann-Kendall # #4556 &K, =& 29 LL 6.72,
18.47. 25.19 mm/10 a i X 2 M & F T [ # %
(P<0.0D), &/NEETHEEHETEEKE, H
TAE I E T BN T B E T KRN T
ESEER

12

1950 1960 1970 1980 1990 2000 2010 2020
F1n

B2 BamR 1955—2019 F 4 k. R EAFR
ANE-BERBFENEREFIFER

Fig.2 The interannual variation of crop water requirement in the

winter wheat, summer maize, and winter wheat-summer

maize seasons from 1955 to 2019 in Shangqiu

222 2k, BEAREAFTNAEKRE

KhZE . BEKRSEFBRGH KRR EH IR
WK 5. ZANZHBE—IPIT K E RS, HM—&
FkZ, X 2 MEBHBIEYRKE S 2L TN
71.41%, 1955—2019 FiX 2 MEFHBAEM T KR
3 HILL 4.67 mm/10 a F1 2.00 mm/10 a 585 £ A% 5
F Y, 46k 4 ARKER ETHEH M,
AKX 2 NAF BB R T RED . 1R E—IK
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THA PN ZFKEEARE ETHES, RKT—E
MEARZETEEY. 866K 4 /R, BE—KW
B BT K E 2N RS, R
#HNEEHE T, RUIRRIZ 2 MEFH BN

T R T AR i1 4 — 3 7 O B — 3R
S R AT AR R A 7 K
BB G HOROR, (H T M B R, R K
TR

25 Xk, REREAFTMBRERETUALAL SR

Table 5 Annual variations trend of crop water requirement of winter wheat and summer maize at different growth stages

Wk A E L i
T WEFI—IR W) IR — T SO — A R K AR SRR SR AR
¥J{f/mm 95.6 30.0 89.1 202.0 416.7 119.1 103.0 221.8 4439 860.6
FLAREE /ﬂ%mrﬂ? -2.00 0.42 -0.46 -4.67 -6.72 -4.22 -4.82 -9.43 -18.47 -25.19
(65a) (mm4d0a™)
Za S2.72%% 1.24 -0.23 2.86%%  -2.67%%  -4,58% -4.33%% 5.41%%  -6.15%% -4,.90**
¥){H/mm 99.2 32.0 88.6 206.9 426.7 123.9 106.9 229.4 460.2 887.0
LSS /ﬂ%mrﬂi‘;/ 421 -1.51 -3.83 -12.02 21.57 -4.14 -6.60 -9.49 -20.23 -41.80
(15a) (mm40a™)
VA -2.23% -0.94 -1.63 233%  -2.92%% -1.34 -1.14 -2.03% -2.13% -2.82%%
¥J{E/mm 96.0 30.3 90.5 206.0 4228 117.9 101.4 222.8 442.1 864.9
K %W@jrﬂ%/ -1.06 0.63 0.29 -5.05 -5.19 -4.15 -5.84 -10.53 -20.52 -25.71
(32a) (mm4d0a™)
Z1H -0.97 1.10 0.16 -2.53% -1.36 -3.89%x -3.31%% -4.09%%  -4.77%% -3.96%*
YJ{f/mm 92.1 279 86.9 190.6 397.5 117.3 102.4 213.8 4335 831.1
A %w“ﬁrﬂ%f/ 247 1.12 -0.10 -0.34 -1.11 -4.27 -1.97 -6.89 -13.13 -14.24
(18a) (mm4d0a™)
Z18 -2.31% 1.25 -0.19 -0.04 -0.64 -2.16* -1.02 -2.08* 2.31% -1.17

VE #RRTE P<0.01 KPR EE, TH.

HERS A E BT KR (8] 24 8% T
Feiady (z<0, P<0.01), Hi—Wk IR KE &,
TKIHECN 49.95%, HHr 1959 M1 1966 FH4#T
300 mm; HHFR 4 wAL, R —BORINA K E R
TS, HahE—BGR I LT TR —dh
HERA, DRk, R —UCGRIIT K E R T a5
IKE BT Ea A BT R, Wk T — ok
AR SR FEBE T R T RE PR MREF—4T I, B
EMFKERE THEES, HEKEHE TRFEES,
AR P — 3R 5T A R VR 7R SR T BEATI AR AE

ANF BRI N &N - ROK AR &N
B RRAEE TR KEHET B A K> K E>E
KA, B2 EHZEAK. MKELNENEE
KELEBENBE TR KRR TBB@A, ELNEFN
IR — R A E FOK B 5 A — A T A %
18; FAKRELNERE —MBEITRKES LB,
HEKRSEEMBERKESEMEE TR, £
KA N IR E— IR T FRKE 2 BT,
KNEHMEBTNBEAE EREE BTN B FHKEY
RN =R
2.3 1EERkE
231 2 E&F AEAFALDR-BEREFH
K=

Bl 34 1955—2019 FE4 /N2, HEKRERL
NE-H TR SR EFERAEN. BB 3wk, w
X & /NEZEFKELL 9.81 mm/10 a (RS
TBE (7=-1.73). 19552019 FEX/NEFHKET

¥I9173.9 mm, eE{E HILLE 1968 4 (383.3 mm);
BARAE HILAE 1963 F (-149.2 mm), FKNZFEA B%
KEIE 505.5 mm (B 1), MFHAKEN 356.3 mm.
1955—2019 FE £ KZEGH/KEDL 23.70 mm/10 a 1]
R EE NS (=250, P<0.05). 1955—
2019 FH2 FAKFHKE T 89.9 mm, mHmfEH
BLTE 1966 4 (503.3 mm), HALEHBIE 2003 4
(-233.7 mm) . &/NE-H FKEFEHRKEFHN
263.8 mm, fxmfEHILE 20 HaE 60 F4L (1961
1966. 1968 4£), FH 1966 FE /K& s (817.5
mm), 2003 fEHKERAG (-181.4 mm); H&/NE-
B EKEFEFRKEEMEA I, 19552019 £/
FEHKELL 33.51 mm/10 a BIHEER S EE FRFEE
o (7=-2.97, P<0.01).

e KIEF FET S it
--------- KNI TET S il
900 Y =-064x+199.13 y=-2.62x+173.45
IS y =-3.26x + 372.59
£ 600
HLEH A r
S 300 | L. 's. ¥ A\ ¥ 2de 2 /| 0
® f&lé"-'\' 'f"'M"’\'a“‘r"*'\7"&‘?“s\’(a‘;f‘-‘ﬁ;.‘ﬁ.‘;;‘..\d.m"\ﬂ..ﬁ
R 0 ) [ i o
« L‘ ')
-300 1 1 f 1 1 1 1
1950 1960 1970 1980 1990 2000 2010 2020
Fhy

A3 WAHK1955—2019 F X 5%, EEAER
IUNS ESY LT T X T30

Fig.3 The interannual variation of crop water deficit in the

winter wheat, summer maize, and winter wheat-summer

maize seasons from 1955 to 2019 in Shangqiu
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hwa, &NEZE EEASTHKEHET
Mk, HERAKFETHEBRSTANES, KU
Fedh X AR E — @ K20, B EKRFETKE
mTA/NEZE, BT IE SR A S N
232 Ak, BEAS AT N BHARE

KN BB KRE A E W Bk Bk 5 L
R 6. Z/NFMBEVGINEUKER R, THHUKE
N 1104 mm, 1955—2019 FH/KELL 6.42 mm/10 a
)3 K218 R R (Z=1.81), 1981 4EG/K &K &

(251.4 mm), HXE 1968, 1967. 2001, 1960-.
1978, 19714, A FHr Bk &35 IE 200 mm,
BUKBE S EMIEALE 20 tHae 60—70 F£4X, 1M
2010—2019 4F, HhiFE—WIHEKEIE N 94.0
mm, A[RESZAEFMBETKE N, BKE LA
Ky T EHEOK & 5N E AR E EUKE
[ 33.63%, 1955—2019 FH/KELL 1.66 mm/10 a [
WEREE ET (7=041), RE—KTTEKE L
0.32 mm/10 a HF L2 LTt (Z=0.66),

k6 Xk, REREALAFMBHBAZEURALAL SR

Table 6 Annual variations trend of crop water deficit of winter wheat and summer maize at different growth stages

K g R 2R Rt
T PR —IRE W IRE R B A —UOION AR KTE BRI SO R i — o AR TR
¥){H/mm -5.7 10.7 58.5 110.4 173.9 2.9 17.6 75.1 89.9 263.8
FLANE %f@}‘ﬁm? -5.37 0.32 1.66 -6.42 -9.81 -0.10 -6.26 -17.54 -23.70 -33.51
(65a) (mm40a™)
ZMH -1.36 0.66 0.41 -1.81 -1.73 -0.21 -1.41 2.81%%  -2.50% -2.97%*
¥J{E/mm 10.5 14.2 66.1 140.7 231.5 39.2 533 132.5 225.0 456.5
EESS %Wﬁjrﬂ? -13.07 -0.11 -7.62 -16.24 -37.04 -5.05 -10.13 -12.68 -27.86 -64.90
(15a) (mmd0a™
VA -1.83 -0.25 -1.63 -1.63 -2.62%* -0.15 -1.44 -1.24 -1.53 -2.72%*
¥1{H/mm 3.0 10.5 61.3 119.0 193.9 2.6 10.6 97.1 105.1 298.9
i;k:f ?ﬁﬁ?gﬂj{ 1.42 0.43 2.87 -13.36 -8.64 3.64 -11.38 -14.98 2273 -31.37
ZMH 0.13 0.39 1.20 -2.46* -0.97 3.89 -1.88 2.40%  -2.79%% -3 57%%
¥J{E/mm -34.7 8.1 47.1 69.9 90.4 -38.5 0.5 -11.7 -49.7  40.7
KA %Wﬁjrﬂ? -12.60 0.51 4.71 14.18 6.81 -1.52 6.67 -19.32 -14.17 -7.36
(18a) (mmd0a™
Z1H -1.40 0.64 0.49 1.10 0.34 -0.04 1.63 -1.70 -0.72 -0.34

B ERSAE BN BEUKE S HFKELR LGSR
—3, WETEES, JUHAEME— VORI RS
F Y (7=2.81, P<0.01), X 5fhE—Usrkiy]
PrkEE B AT KERE TRERARL BEE
KAFEFI—H T BAERK & TR R o, HEUKED
EART, RIZKSER, ELCHE 23 a HIL
KA, HANERHOKE- 100.0 mm, ik
HILZE 2013 4F, HKEA 103.9 mm, FEAKA
T B AR P — 3R 1T HE B

R KA /N - FORFAE. &/NEE K4
EEHIHKELY R FRES, RHELNEEML
INEBERAFHRKEEHREE FTHREBESHS
(P<0.01); “P/KFA/NE-H K FEHFKE RN
BE FRBBY (P<0.01), EEREATKERLN
FEME FRFHOKE 2 T EES; RIRKH
IKEERISF KRN -H KR s E . £
IKELNERHOKEERE LT, B ERFHKES
M
2.4 FEIFERTEREKEREMEIKE

# 74 1955—2019 ££. 2000—2019 £EA1 2010—
2019 FEENFE . B EARAFBEKER TS EFH B
BoKEWMH. mF 7 /5, 1955—2019 4F, K /NFE-

14

HEKEE, XNEMEEREEFTHESEEFTN
Btk BRI R K> P K E>FEKE; 2000—
2019 4, “F/KEE. FKE. HKESHH 11. 7. 2a,
KNG, BEKREEFRANEFRRE KT
WIRNPR T — B . B SRR R 3R Fh— 51 A A4
T — SRS B Bk 7K 5 R I A A 7K AE > /K A>3 K
T, Z/NEEMFERM—IRET . WE—SER I E
T 2K Z (A T — il 3 B oK B S B K AR L HE AT T
A, AN Rk T AR OK BRI TR >
IKFE>F KA, FE— USRI SR 2 R I R 7K >
FIRFESPKE, HFKET— s K &R A
FKFE>FEARESTPKE; XMRRIHEFAE 2010—
2019 FANEHKBBUFVIERLS:, H2Y R
P — IR, % KRR EOK R IR K>
IKESHREKAE, 2010—2019 4F 3 FlfF/KER R E TK
PSR BT S5 2000—2019 FE0EH A,
BARR IR FKFESRKAESFKE, XA ReS K
EAE AL B B B 23 B B R AN [F] B /K AR B R AN
R, R DU KF R IX 2 Bk 6 & 42 F B B AR
YR KR R A e HERf, R oREAT LA B BB
P K B b AT A A KR B R 4. B3R 7wl
1955—2019 4. 2000—2019 4EAI 2010—2019 £+
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KERR, BRE TR, B KR e4dE
WK ARA 3T R — SRR EOK B3 A UE,
TR o X AR R A B FEKE, nIAFERE; 2000—
2019 SEV/KEMT, H R KT —miEREoKEN
fifH, 2010—2019 A1 1955—2019 FHTT—IhifE]
BOKEE/N (3.6 10.6 mm), 3 ANMFAE]REE T fhikfi—

WA K BT T 60 mm, FEHISF K AR R i
[X [N % & 76 il A 3 E 8% . 2000—2019 4E AT 2010—
2019 4 3 FlKSCHER N &N R —IR T K &
NOEEE N, X AR AR T SN B K
BTG RET RERETE H IR KR E B et
X &/ N AR R —IR T K B D .

T ARABERFATLANL, AERGAFTPRELFTNBHRKZ M

Table 7 The mean of crop water deficit at different growth stages of winter wheat and summer maize under different precipitation years

KN

\ K2 1 Ex

w e FEFI—IR T WIR T — R A — AR R — ORI A K ZE R — RO AR — S S — SO A K e
FiK4E (15a) 10.5 14.2 66.1 140.7 231.5 39.3 53.3 132.5 225.0 456.5

1955—2019 4P /K4 (32a) 3.0 10.5 613 119.1 193.9 2.6 10.6 97.1 105.1  298.9
FKE (18 -34.7 8.1 47.1 69.9 90.4 -38.5 0.5 -11.7 -49.7 407

HiKE (2a) -24.4 493 127.3 160.9 313.1 36.9 99.5 250.6 386.9 700.0

2000—2019 4=F/K4E (11a) -0.1 17.1 69.6 102.1 188.6 0.9 -16.0 64.2 492 2378
FKE (Ta) -63.9 10.8 67.1 1118 125.7 -65.6 6.2 -45.7 -105.1 206

kKA (1) 9.5 29.9 34.7 169.7 224.7 31.0 46.0 86.1 163.1 387.8

2010—2019 4 “F/K4E (5a) 10.0 22.1 67.5 69.4 169.1 18.5 3.6 67.6 89.7 2588
FIKE 4 -69.2 10.3 52.4 105.7 99.2 -38.0 542 -66.3 5501 49.1

2.5 ZIMEFEKRENEERTF

® 8 NEARHTAEAFREKER T A E
F LI FTIKER ORI . & 8 AIEN,  H MR [E
AP35 RO AEAS [F] f KSR R 2 B R B, AR
T2 R A /N 22 ZE 0 A AR A KR B I O BT HE s AL
FoAh ey B9 R B s, i BE AN B TR R R
FKRFRGKE . FARENT RIS, oAb B
RKIA ETHES .

8 KRR M AFA T L% BT KA % A
UZEES R A
Table 8 Effects of meteorological factors on crop water

requirement under different precipitation years

TR TR
AT R ORGE T BT WS R

TERZE/% 25.12 21.69 15.94 152 11.46 10.59
-

Zf4  -3.17** -356** 099 0.02 069 119

[ THRFI% 31.17
ZfH  -4.88** -5.82**

TR I% 21.56

ZH  -2.80%* -3.86**

TR I% 27.02

Zf4 -337**-337** 158 001 149 168

KNS T TTHRZE/% 31.26
Z{H  -4.23%* -543** 2.68** 2,03* 4.85%* 391**

okl TTHRZE/% 16.21
Z1H  -2.58*

. TTHkZE/% 23.85

Z{§ -2.18*

R TTHkE/% 27.01
ZAH  -4.62%* -547** 154

. TIHRE/% 25.77
7 o
Z1H  -2.58*

26.28 9.38 9.89
-2.38* 0.76 3.84** 4.00**

11.09 1219

19.10 16.79 1457 1285 1512

-0.99 2.50* 3.49** 3.56**

19.97 16.05 1348 11.23 1225

16.33 18.03 11.08 11.28 12.02

12.69
-3.64**

28.16
-1.21  3.03** 3.71** 3.71**

16.21 13.48 13.25

17.23
-3.37**  0.20

1712 1756 154 8.83

-0.50 -0.59 0.00

21.26 1269 16.05 13.18 9.81

-1.75 -0.73 174

20.70 1390 16.04 1243 11.17

-4.02** 046 068 136 2.20*

Bk AN T K AT IR S RV 7R K B 2R
— MR AN, HABER . BT H R %A
— MR 5 R BRI B 3 T
BIRGE, EA SR .

X 3 FRBEAKER T A FKES TR, W
VEMD T K B 55 — PR AN — PR~ 34 9 E J st ) 0
PERGE, Hix 2 NIRRT RN E T B,
S 80 P [X AN B ROK AR T KR AR
ERE RKE. SFARE) @ = FEHRK
FERIE KA AR S, PR R R

XA /NEZE 3 R KA BUEY) 7K & 52 R &
BT, FAKEE AR AKFERIARE, A
AED T K2 — R R T, R ) R A v UL
HFEHE H T, HEHMETFZERER; X 3 #
FER N MR R BRI, BT FKEL
INEEREKR 2, HEARTZE TREER, W HRE
) 2B N B, REiREEWREE LT,
=HLFEH RBFKFELNEFFTKE NHFES
AR . HARAERR 5 R A = T3 AR
BT XGE, H 2010—2019 4F R i X kK 4E
HEER BN (B 1 ), SR ER & NE
ZE T KR MR AT A .

YR FKTE 3 Bl K RUEY) 7K 2520 R &
SINTRIL, B R T BR AR KA N B iR A, A
TR NP 35) G, AEL AR 7K A~ 259 IR AR o v i P
DURR ZE /N, T B RS H R B A3
MOE IS R R E B E NEEY, F, EEKS
KEEWBEREE TREES, MOk EthXE
T K Pl 2 N T O H IR A AR S 2 K AR A
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33T 8

AR KRIL, 1955—2019 4F, K/PEFKEL
W% R (P<0.01), #/KELL9.81 mm/10 a
R E T (Z=-1.73), EEXEEEIEDT
KA 18.47 mm/10 a ¥ 2R AR 25 T Rads, ot
KELL 23.70 mm/10 a KR 24 5% %,
3 5 3 i A SRS /N W22t 4 R 1 X 1 20 # 5
B8 EERESEEFNRFKEREREE T
ke, HTFMEETETANEE, X5X5E
SRR AR LI X A F S 45 AR . A NERE oK
BRKE M IR T HRKER FEMEKER
EFprs, X EHRMASPm RS R 8. TR
RPN AE R Sy H BRI 1] . S 3 KT8 R R
FE R A NETRKEMEER T, A 3 ik
KEBTAEYI TR KRR E 7o kI, 1EFKE,
FHGHRFE A2 75 A1, SRS ) R iR B IR 2
T HABERL,  H RS — T, AR
P RGE N EE R R s 3 R KRR R R AR
R KT K TR B (1) 32 5 R 202 H R () R~ 1)
R T %

KINF A WA SR EMS B, HEE
A &K B 40.68%, SRk & (5 R FBKE 1
65.93%, {HFEF—IRTH AL FKFR N HILK D &
A, RUAFKER R BRI NEZIEARH M
R IE AR, IV NS E R E &N %
BB FRKE, WNEELXEZX SNETESANE
B B BRI AN RET B RAKER, XrfRg 5 H 2
W T AN IRANET 2 A (B KA % . Zhang ZPYF0
Fang 5P HE 45T 12 & /N KM U, A SOk
AN IRTHT, BRAEKEBROKEEBORSN, FKE
MFKREBKEI B, KWW, 3 FEKE
RNPOKEHEE ETF. 54 SPME bR
FIRA/NE R MK R E BRI OCBEA T,
Xu PRI REY, ERNERAT TFIER SR
75 mm, W] SEELE AR R AR e, AREAT
W 3 FhBE/KE AR ¥ BRSO — AR, T
S 7K 3 75 T R AR

PP T R, TR KR — b
W hhdfE—E AT 2 YUK, HEIKE B PN
85. 75 mm, WSEELE EKAEFE R EAR. Ba
- £ 29038 5o b (RGBT KR T SRR S
FE 60 mm R SEIURE T 07 B IR R R s K
AFIHRE . Fang ZB9H0 Liu &BYLH, LR EIR
B ERORZFERKFEM, KB IRMIE WS RS &
JE AR HENE . AWK, FAKEE EKZTRFK
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BR, AT, A BN K, R I SR
HEAKHE S, K A AT KA ) 75 25 R AE 3R — 3l
MESIRERE, BUAL, RhKSERAERRATREBLOR v o HETR
i B AR AN 2 2 T B R o AR 75 7K & A EY)
BOK R, 3R Z % RS 24 M 1 T K DY+
Heyp I RS R RIS A R, RS T AR
R 5 G VR PR RN B [ 1006 ot — 2D A AL VR A

4 25 i

1) 1955—2019 4, B X & /N FI4 /)N
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Feiadh, TEP/KEMBKEN RN EFHES, &
FARFR MK EIEAFFEKFER FRIN T
B, &NETFE B RARFEMENE-ETOKEFAE
M KEEADFFEKER T RIA NEER . &
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MK NSRRI F R, B RRFEMENEZ-EE
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BN ANE, FRFERNMERE . H BB, 5
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Rk H BB [a], SPIXGE . AR s
T oK 77K & 1 B AR F KRR AR 3 8 H IR
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IR P RGHE .
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WL, B AEORZTERAEERL; POKENTE L NEZTR
TR, B RORZEE MR A KA
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Changes in Water Requirement and Water Deficit of Winter Wheat and
Summer Maize with Precipitation in Shangqiu, Henan Province
DING Dawei'**, CHEN Jinpingl’z, SHEN Xiaojunm,

SONG Ni'*", XIE Kun'?, REN Wen"?, WANG Jinglei'*"

(1. Farmland Irrigation Research Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China;

2. National Agro-ecological System Observation and Research Station of Shangqiu/National Agricultural Experimental Station for
Agricultural Environment, Shangqgiu/National Long-term Agricultural Green Development Experiment and Observation Station,
Shanggqiu 476000, China; 3. College of Water Conservancy Engineering, Tianjin Agricultural University, Tianjin 300392, China;

4. Graduate School of Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: [Objective] Rotating winter wheat and summer maize is a common cultivation method in northern and
central China. Their water consumption and the occurrence of water deficit vary with prediction. Taking Shangqiu in
easter Henan province as an example, this paper investigates the relationship between them with meteorological
factors. [Method] The analysis was based on meteorological data measured from 1954 to 2019, and crop index
data measured from 1999 to 2019 at the National Agro-ecological System Observation and Research Station of
Shangqiu. The evapotranspiration used in the analysis was those measured from 2011 to 2018 from a large lysimeter.
Statistics and the Mann-Kendall trend test were used to analyze the changing in crop water requirement and water
deficit; the dominant analysis was used to elucidate the influence of the meteorological factors on water requirement
of the two crops. [Result] On average, the annual effective precipitation has been increasing over the past 65 years,
at a rate of 3.09 mm/10a during the wheat growing season and 5.23 mm/10a during the maize growing season,
despite that in wet years the effective precipitation during the wheat season declined. In contrast, the annual crop
water requirement showed a decline (P<0.01), at a rate of 6.72 mm/10a for the winter wheat and 18.47 mm/10a for
the maize, regardless of precipitations. The annual crop water deficit had also shown a falling trend (P<0.01), at a
rate of 9.81 mm/10a for the winter wheat and 23.70 mm/10a for the maize, despite that it decreased for the winter
wheat in wet years. In normal and dry years, sunshine was the primary meteorological factor affecting water
requirement of the winter wheat, whine in wet years, humidity was the primary factor. The primary factors affecting
water requirement of summer maize were sunshine, regardless of precipitation, despite that wind speed and high
temperature also played a role. [Conclusion] Our analysis revealed that in wet years, winter wheat should be
irrigated during jointing - heading stage, while maize can grow under rain-fed condition. In normal years, winter
wheat needs irrigation at jointing - heading stage and maize needs irrigation at tasseling stage. In dry years, in
addition to an irrigation before seeding, winter wheat needs irrigation at joint-heading stage and summer maize at
joint-tasseling stage.
Key words: crop water requirement; winter wheat-summer maize continuous cropping; precipitation years;
meteorological factors; dominant analysis

TERE: A%

18



