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Spatial and temporal characteristics of water requirement and water deficit of

maize in Gansu Province from 1967 to 2017

ZHANG Hua® ,WANG Hao,XU Cungang
College of Geography and Environment Science, Northwest Normal University, Lanzhou 730070, China

Abstract; Based on the daily meteorological data of 28 meteorological stations in Gansu Province from 1967 to 2017, the
water requirement in different growth periods and the whole growth period of maize were calculated using the crops
coefficient method recommended by Food and Agriculture Organization of the United Nations. Meanwhile, the effective
precipitation in the whole growth period of maize was calculated by using the method established by the U.S. Department of
Agriculture Soil Conservation. Thus, the water deficit was obtained. The interannual variation and spatial distribution
characteristics of water requirement and water deficit in Gansu Province were analyzed by linear propensity estimation,
Mann-Kendall test and spatial interpolation method. The results showed that the average precipitation, average effective
precipitation, average water requirement and average water shortage during the whole growth period of maize in Gansu
Province from 1967 to 2017 were 210.43 mm, 113.21 mm, 545.95 mm, and 421.00 mm, respectively. In past 51 years,
the precipitation and effective precipitation in the whole growth period of maize showed a significant downward trend, while
the water requirement and water deficit had no obvious change, which were normal fluctuation. In terms of space, the
precipitation and effective precipitation in the whole growth period of maize decreased from southeast to northwest in general.

On the contrary, the water requirement and water deficit increased from southeast to northwest on the whole. Among the 28
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meteorological stations, only the effective precipitation of the Gannan and Minxian sites can meet the maize requirement
water in the early growth stage in past 51 years. Other sites cannot meet the water requirement of maize at any stage of

growth and require manual irrigation.

Key Words: maize ;effective precipitation ; water requirement ; water deficit; Gansu Province

M AE R [ GRAL S5 28 55 R R BRI =l , T3 R i [ K 28 4 K B VR MRS il & e i B R
H A AL T 52 X K G U oA BRI A & R B T KRR HOR A EE R EEY 2017 4EH
A EAFERTAUEE] 1.04x10" km® | 528 RAEYHERI T 27.84% " FEK A0 T RIFR AU T H R
A 7K GRS e PR IR W e A T oK T KR R K e AR Ml K B R A B Rl & J FLAT R Y

H AT, 3K Al B K 5 4 ELE K & 1Y 70% DL Al 7K 5 R HLAR R 2830 sk BELAS 6 1 Al &
JRIEH Z—" . aar i A AR AR K W B8 5 /K 5 K ek ik i v AR K SR 1 2 K TR Y
[, VRS K B e da A AR T AR b A T0 He FAEY) , /K o3 FINE T35 B, 76 25 5 1Y PR I5E b B IO v 7 v
TI G T il FE A AR 2R R () 28 R T Kk ) WSS VE 5 /K ik 5 Ik o 23 RS2 e e 1 0
W] B2 A TP A R ARON RE I TRV A SEA A | B2 DR UEAR A W) e R 2B R AN /K 5% 5 B T ) i 2 B
W, ENANEE N REY K R T B2, SRR TR OK R T, F RS R IE (o (H
) EREMEZN R RS X IR ER K HARETT A B R T k& B A i S YT
KA SR K i A T7 %, AR AT SR JE-vE TR 2 A 3 KR IR 2 2 L SC-RE P VA
Penman-Monteith /L\\ﬁ?jg‘%”w: , H H1 Penman-Monteith 2> EE MBS EREE S5 KL 4HH (FAO, Food and
Agriculture Organization of the United Nations ) #fE7ERY 715, %5 JE T 5 78 B RS AR M FIAR ) A= BRALTH]
FARLF R B LR b E o iz i o R I R O R E VR T K R (R H TR
AT HRB B G R AR REAFILPRBR M . RE 28 FEXTRAIEM TR EIAT TR0 i /e
PIBIOK B BT AR 2 0L, RIA SCHET 1967—2017 4R HN A 28 A4 A% B 80 , 1583t
AR 28 NG S E KA B K BRI BB K PR 4 A A AR K BRI oK 5 B
Je o H A R K S oK AT A a0 A, LU S H R RO R R AR K B IR G B O e 4R AR
S/

1 WREHR

H A A BT e B S R 7E 32°31'—42°57'N H192°13'—108°46'E 2 [6], i T 8% 4 & Ji 5
T RN 52 1 SRS T b AE | AR P K 1655 km, FA AL 58 530 km , BUAIFR 45.37x10% km?® ') KECRT )43y 1] 7 3l
DX B F ot DX B 2 e DX e e ORI H R b X (TR 1) 0 2017 AR AT B A B AR B RS A H e X T KR
R AR 51355 3010.4,2368.6.2751.0,1546.9 km*F1739.2 km®P*! vl 95 B o Bl 45 I 1 401 H g 3 X4 FH E
EFH K098 5.93x10° 1.50x10° 1.97x10% . 2.66x10° m® 1 3.17x10°% m? , A& | 3] 7 His IX A4 Ml FH 7K DA JE Ti%
S, HoAth X DL K R 21 AR H R 1967—2017 4 28 AN Gl S %R SR, WS B B AR LB
FEAIH R HLIX 51 A4 Bk B3 3R 119.25 348.22 441.47 446.53 mm F1 457.03 mm, 44 WAEF- S IRAE
0—16°C Z 1], A f /K S 7E 36.6—734.9 mm Z[A], KEC A EE [a] PH LB 0, L5 504 LAPE BEZK B 2 0870 | T8 Tl
HRBEMEAME | & R S5 ZRE [ 23R 1) PG D0 AR U Ry 2R AR 5 JEURI G B (4 7K ST 43 A 2870, w8 g 4k
HOIX M B AR A LA B HOR A R R, LA o8 | IR BT ORGSR B A A
REAE

2 HEKRBESHRTGE

2.1 kiR
AR E RSG5 B H 0 (hitp . //data.cma.en/ ) KA HTE 28 A HLTE LM 5 1967—2017 4F
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Fig.1 Distribution of meteorological stations in the study area
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B AR ZERUE (ET,) 1 1998 4 FAO HE## 1 Penman-Monteith AR A AAF .

900
0408A(R” - G) + ymuz(e’s - €u)
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0 A +y(1 + 0.34u,) (2)

A AR SERTZR AR R A EY) R E AR (M) m ™ d7') 5 6y HIEHGE (M) m ™ d7') 5y
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F1 HREASERERFRERKNREMRE

Table 1 Crop coefficients of different growth periods of maize at various sites in Gansu Province

HilrE ﬁ%{zﬂib iK?B%VE%?%& ttKEP%M’E%?M tthKHME%?é&
Gansu Province Meteor(?loglcal Crop 'coe'fflclents at Cro'p coefficients at Crop coefficients at
stations the beginning of growth mid-growth stage the end of growth
PG IX Dzl 0.38 1.35 0.50
Arid region of Hexi Corridor O 0.35 1.27 0.42
g 0.36 1.29 0.44
EITH 0.36 1.29 0.44
A 0.36 1.28 0.43
£ 0.35 1.27 0.41
R 0.35 1.25 0.40
s 0.33 1.22 0.39
i1 0.34 1.24 0.39
¥ 0.35 1.26 0.41
A E 0.35 1.24 0.39
R 0.36 1.27 0.41
v 0.34 1.23 0.37
RET Sk 0.35 1.25 0.39
AR b 0.35 1.23 0.37
Semi-arid region of Longzhong R 0.33 1.21 0.35
b/ 0.32 1.20 0.34
fii 0.32 1.20 0.33
73 0.31 1.17 0.31
BRI 0.34 1.23 0.36
i L 0.31 1.17 0.31
B 4 11X WE 0.33 1.19 0.32
Loess plateau of Longdong o 0.32 1.16 0.30
PY A 0.32 1.17 0.31
e 7 1t X rivecid 0.31 1.19 0.31
Longnan humid region JtiE 0.31 1.17 0.29
HRGHLIX Hr 0.32 1.19 0.32
Gannan plateau Il = 0.31 1.16 0.29

222 EoKBukE
Tk UK LT E ARG TR T KR SRR ARk EZ 22 THEAL T .

. o
A, W ERAEFT I EEHUKE (mm) ;n AFERETHHE(D) ;ET HEYTKE (mm/d) ; P, A R K E
(mm/d) , BIRFK G b 2 SR A VM 2 B i K Y
ﬁ%{ﬁ%ﬂ(i(Pe) K A 22 [ oIl 7+ HE R 435 )R ( SCS, Soil Conservation Service ) T&ﬁﬂgﬁﬁim&ﬂ , HA L
.

P(4.17 - 0.2P
P@I7=02P)  (p (g3 mmsd)
P = 417 (4)
4.17 + 0.1P (P = 8.3 mm/d)

b PO A KR (mm/d) P R SEBRE KR (mm/d) .
2.2.3  ZEMEmmA T
B E KA T IR R AR K & TR KR A BUK & (y) 89K AR Tk 35 R 2t |15 77 B, A
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HAH:
y=at +b (5)

K e HERITS (1=1,2,-+,n) ;6 HHEE e R IEHRE, WA BmE , Hd 27 o>0, W3] FEE I ¢ 6
By 5 TS AT a<0, WIS BEE I E] ¢ ORI y 2RSS,
2.2.4 Mann-Kendall ;%

Mann-Kendall J5 75 & —FAES B GHR IR M ik ARBFSE 45 B MATLAB 0 0FX HR & oKk 24 5 1
PIREZK B A ALK B T K A BOK S TR g, 75 8] E P 2k UF 537 2k UB, 4 UF 3 UB KT 0
W RIS TS R SRR TR s, AT W KR, B b T 50T R 3
B3 2 UF 5 UB W A5 2k th B A s i), HLAZ 78 S 3 K T2 22 [ DU 7R A% i 2y 8 A8 TR IR N 221, #4558
ST R EEK- R Z A A AAAEZ A A8 5, W RERA S 2 B W 97 L, A BB E 15 9878 i,
FHM Bl ¢ K30k (TP A B INBUE Y 5 45 K o= 0.01) X T REAETE I 28 A8 s HEA T IR TE
225 = [AE(H

A2 E R T BN AEE KB B R K B A R KR 5 K R soK 5000 | 52 ) AreGIS 10.2
*E@ﬁﬂﬁ%*ﬂifﬂ?ﬁﬁ/{( IDW, Inverse Distance Weighted) VAT 53 (A4 (. A5 B FH N A 28 [8) A

3 HBREHS

3.1 AR L
311 EXREAEFMTKESHUK TR

HRAE 28 A~ G20l st B 7K A K A B H R 8 TR A B IR K A 3% K i, 1967—2017
AR RS AL A TN A KR TE 105.73—294.80 mm 2 [A] , SEH4{E K 210.43 mm, F/MEG A 2009 4F
T RAEAY N 1967 4F B R K B AE 80.17—144.22 mm Z [A] , SFHI{E 4 113.21 mm, Fe/NMEGY A 2009 4, fiek
ARG R 1967 4E (8 2) o F/K R AT R K R - S PR PR3 i ARSI T «=0.05 B & MR (%
2) . ¥ EKAE T WK R I S K & E 1T Mann-Kendall #556, 45 B 3B 1967—2017 4E /K 8% 4 52
U a3 78 2000 AR5, BEK S50 5K B B 00 T Rk 3 Hoh 1 UF 5 UB #TZR7E 1990 45
B ELAE A, LS S AFAE T B K R 2 ), B Bk 4 B I R R K B NG 2K i PR 28R G | 258
AR FF AR B E] A 1990 4F (&1 3)

000 eesmpokE EERANMOKE  —a—dkE —e—gke ] 700
£ _
Eso0 | 600 -
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5 4 500 2
1§ 400 | g
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& 5 -400%§
iﬁé’soo ﬁg
I3 1 300 B 2
I © % 8
% 2 200 €5
g g 200 2
g i . i i 1 g
= BLEEI ELPEREHEELEEELERLE BEEE i CHRLEE =
=100 HHEH  HHEEEEREREUEREER HEEE ! \ | INHELEE 3
S REEREREEEREEEEREEE LR REREREELERRRRRREREREERRE ' 2
o l||l||l..l.l||l||I|.||l|Il..||.||l||l|.|||||l||l|||
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Fig.2 Interannual variation of precipitation, effective precipitation, water requirment and water deficit during the whole growth period of

maize in Gansu Province
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R 28 A G20l s KR FEK B A 2 HN A R4 BT KR ME0KE, 1967—2017 4, Hilf
A F KA T WINTKEALE 499.99—590.34 mm Z (0], F-I{HH 545.95 mm, Se/NMEGY A 1993 4, e KAEG K
1974 4F ; BROKHAE 355.64—472.68 mm Z[A] SEEIE N 421.00 mm, Fe/NEGY N 1979 4F | e KAE A 1972 4F
(E2), FkESHuKkERE BT EAEE HRET ¢=0.05 BB EERS, 8 TEFEh(F2), BE
KA TN K E FEUK BT Mann-Kendall 28748 K55, 25 5 % B 1967—1978 4F £ KT /K #E AT LTt
W 1978—2014 AL F RS UF 5 UB fhZAFTE 4 N385, 385500 T 1968 4F 1971 4F 1974 4FFl 2015
AR TR W ¢ K, R AHE 1974 A 58 i, X R W] 1974 AR FOKTE K& B TR R 52 A8 £

(F3).
——— EFM&UF  —— WFBLUB  ----- 0.05 B #H:

Wk ik HRM K R

1967 1977 1987 1997 2007 2017 1967 1977 1987 1997 2007 2017

%114 Statistic

1967 1977 1987 1997 2007 2017 1967 1977 1987 1997 2007 2017
44y Year

B3 HHR&EEKEEBTHRKE FYEKE . FEKEFMEKEN Mann-Kendall #38
Fig.3 Mann-Kendall test of precipitation, effective precipitation, water requirement and water deficit during the whole growth period of

maize in Gansu Province

312 FORFAERKBBIFR KR SHUKEAFRRAR L

1967—2017 4F , H k48 £ KA KW WK B TE 19.92—100.04 mm Z 6], F{E F 48.78 mm; A 55K &=
£ 15.14—49.31 mm Z ], FIE N 28.64 mm; 5 /K 7E 81.34—101.01 mm Z[H] “F-3I{EH 61.85 mm; Hl/K i
1 32.02—81.94 mm Z 0], F¥I{E N 61.85 mm (&l 4) I%ki'—ﬁ?ﬁfiﬁﬁ%kﬁi@%?ﬁkﬁ_% AR T a=
0.05 119 it FPEAG IS, AR L AR i, Tk i S HUK & 2 EIHE s (HR R a=0.05 /Y R E MR, 28 bt
PIRAE (F2),

1967—2017 4E , Hil 4 £ KA K & T WK EAE 31.43—170.03 mm Z[8] , SE3(E 4 85.08 mm; £ 3% 7K
HEAE 23.95—75.02 mm Z ], SFEEIE R 43.77 mm; T K AE 196.86—250.40 mm Z ], SF-F{E Ky 224.47 mm; i
JKARTE 127.13—215.90 mm Z [H] ,F-1{E N 180.70 mm (& 4) , Bk 54 K2 TGS E T o=
0.05 F i E VRS, PRSI KR SHUKE R IS, (LR AEE T «=0.05 A9 W E MR, 25 ki
PR (F£2),
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Fig.4 Interannual variation of precipitation, effective precipitation, water requirment and water deficit during the different growth period

of maize in Gansu Province
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1967—2017 4E , HilE KA K AR K B 7E 14.83—74.95 mm Z[A], 24114 Hy 40.58 mm ; A 3K &
16 11.07—30.75 mm Z [a] , SF-HI{E N 20.19 mm; T /KB FE 124.53—167.86 mm Z[8], FH(E K 141.97 mm; Bk
HTE 96.10—146.51 mm Z [A] SEYE K 121.78 mm(E 4) F%ki'ﬁﬁm%kﬁa%wki% Hid T «=0.05
S B PEAG S, T RS s TR /K R S R R A, oK i S B BT B Y R il T «=0.05 A9 W 1
K, AR B (£ 2) .

1967—2017 4E, Hilfi & £ KA KR BIFE K B 7E 12.93—64.48 mm Z[8] , “F-HI{E N 35.99 mm; A S K &
7 7.84—36.17 mm Z[A] SEH{E A 20.62 mm, F5/KETE 74.36—103.80 mm Z[] , F-HI{H 4 89.02 mm;ﬁjeyki
1 42.84—90.31 mm Z[A] ,FYE K 68.41 mm (&l 4) . FEKE AREKES S EIHEH HEPHRAEE
a=0.05 [ B EHRLE, I @ HEAR L TR R 2 FTHES Sok 2 TREBE HWHE B RREE T a=0.05
)2 B A, BRI R (£ 2)

F2 HREAEXRZSEKRMEBEKE BHEKE FREMEBKEL M E Gt
Table 2 Estimation of linear tendency of precipitation, effective precipitation, water requirement and water deficit in different growth stages of

maize in Gansu Province

HKPrE it H A Al i) (. AR R EL
Growth stage Item Linear tendency estimate Propensity value Correlation coefficient
AR AT oK & y=-0.2659x+55.69 -0.27 0.23
Early growth AR y=-0.0988x+31.209 -0.10 0.20
KR y=0.0901x+88.145 0.09 0.25
Bk y=0.1889x+56.937 0.19 0.25
AR EEW Rk y=-0.7421x+104.37 -0.74 0.36"
Vigorous period AR y=-0.2515x+50.309 -0.25 0.36"
KR y=0.1137x+221.52 0.11 0.13
BK 5 y=0.3651x+171.21 0.37 0.27
A Rk y=-0.3535x+49.772 -0.35 0.32"
Medium growth AR y=-0.1229x+23.38 -0.12 0.33*
TR y=-0.1221x+145.14 -0.12 0.18
Bk & y=0.0008x+121.76 0.00 0.00
R AR F& K i y =0.068 +34.219 0.07 0.08
End of growth ALK y=0.076x+18.641 0.08 0.20
KR y=0.0344x+88.129 0.03 0.08
Bk y=-0.0415x+69.488 -0.04 0.06
SEM Rk i y=-1.2934x+244.05 -1.29 0.35"
Whole growth period AR y=-0.3972x+123.54 -0.40 0.35"
T K y=0.1161x+542.93 0.12 0.07
Bk i y=0.5194x+407.5 0.52 0.23

* ForRilnt a=0.05 BRI

3.1.3 Byl EARTFEKE S UK R
1967—2017 4F, Hilt & 28 il i Bk A4 B W B oK i ) 7E -4.52—0.59 ZIa] 4 25 b ST
Fekadh it a=0.05 BEMERE A DE L 5 A MEE AR 14 A0 5 A %K W EE-1.41—0.75 2
], 22 Al AL T R RS it «=0.05 5 EMER I A0A BB L SEHIS R e A 12 b, 25 LR H
TREAB B 433t 1 oK A B I BB K R R R K AL T R R R S, H R B AE PR B b B R RN B AR M X
1967—2017 4, HR 4 28 A uli S oK AR B T K s m 76 -2.27—2.17 Z[8), 4 8 ANl b i i
HrE T 00=0.05 525 A0 Al s AT VY R 1B SRR 22 4 Dl A 20 Dl AL T TS Hrh
ﬁﬁi a=0.05 ﬁ%ﬁh%ﬂ@ua A S8 =B A 10 /N3 8 SRR £E -2.23—2.42 65 6 Nl ST
TR a=0.05 B9 S E MR A L0 T VB SA 3 AN uh i, 22 Al S kb T A i i
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0.05 W F PERIR A 8210 B 555 9 Ul o Z8 LBk, HR 48 AR 73w a5 B K A A i W R0 75 /K B ARk
S ARAL T I B, 32 A AR e Bl TR AT P X (18] 5)

AR A

ok

0.18V .-2. 15
T e2.2la0.19%

1
c R O XKuaR

Es5 HRESRWEERLFHEKE FUEKE FKESHKEMEE
Fig.5 Propensity value of precipitation, effective precipitation, water requirment and water deficit during the whole growth period of

maize at each meteorological site in Gansu Province

ATV R a=0.05 8RR AIAE T a=0.05 BE R

3.2 M4
321 EREAEF T KR MEUK &2 B 5016

HRA 28 sl i, TR T 51 AR KETE 21.81 (M H ) —429.84 (IREL) mm Z[H], £3 5
51 AR REK BN 210.43 mm; 24 B 51 G4 8K EFE 16.24 (765 )—229.65 (IRE ) mm Z[&],
Ul 51 A R KRN 113.21 mm; 2R F W 51 T K E7E 367.08 (H R ) —845.38 (LhE=1l)
mm Z[H], Ul 51 AR K I R 545.95 mm; 2R F W 51 4RI 6K & 7E 57.24 (5 22)—805.59 (552
) mm Z[8], &0k 5 51 AR oK B 421.00 mm B RL EATRD, R FORTE LR FIIARBOK I HLIR 74
DXRAK P EE B | KRG R0 K o AR e [ P ALl T 3 AR b A — 35, T e 7K AR K 2 DU A
R A PG AL R, Wi AR oA — 2 Bk A AR K K RIEUK S s M 22 R R (E 6) .
322 FRFAEK BB KR FEK 2 (84 A

HrE 28 A ul i, FRARK B 51 VT KETE 57.50(CHFE ) —130.15 (4487 mm Z 8], 4354 5 51
AT KA 90.49 mmy FRA KA 51 4F 4K B 7E-11.95 (MR E ) —125.40 (H8) mm Z[A], £5 3k
JST AR BoK SR 61.85 mm,, BEAK I 75 /K 2 B K g i VG AU ) 2R R sk 0 5 78 H R RT3 0 Hh X R K
A TT DU 2 EOK TR K 0K, SO DT B AT N T, R WP X, H 4 28 i, &
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Fig.6 Spatial distribution of precipitation, effective precipitation, water requirment and water deficit during the whole growth period

of maize
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Fig.7 Spatial distribution of water requirment and water deficit during the different growth periods of maize
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