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Temporal and spatial variation analysis of water and irrigation requirement
index of rice in central Yunnan Province under climate change

CAO Yan, WANG Jie, WANG Shupeng, HUANG Ying, ZHANG Lei, LI Youliang
(Yunnan Institute of Water Resources and Hydropower Research, Kunming, Yunnan 650228, China)

Abstract: Based on the daily meteorological data from 48 meteorological stations during 1961-2013 and rice
growth observation data from 5 rice irrigation experimental stations during 2014-2018 in the central Yunnan Prov-
ince, the crop water requirement (ET,) , effective precipitation (P, ), irrigation requirement (IR) , and irrigation
requirement index (/RI) in the central Yunnan Province with 53 years (1961-2013) were calculated by using the
Penman—Monteith equation and single crop coefficient method, the temporal and spatial variation of ET,, P,, IR,
and /Rl during rice growth season in different regions were analyzed by the linear trend estimate and M—K method.
The results showed that the average ET,, P,, IR, and IRI during rice growth season were 546.34 mm, 235.96 mm,
310.38 mm, and 0.57, respectively. The ET, and P, significant decreased with a decreasing rate of 4.358 mm -
decade™ and 6.468 mm - decade™'. The IR and IRI had increased with an increasing rate of 1.2 mm + decade™ and
0.8% - decade™". The ET, decreased mainly in Dianzhong -2 and Xerothermal valley VI. The P, decreased mainly
in Dianzhong 1-3 and Dianzhong -4, and the increased IRI mainly in Dianzhong -3 and Dianzhong I-4. The sig-
nificant variation of ET,, P,, and IRI were mainly occurred in the heading flowering, tillering, and milk stages.
The ET, of rice in the central Yunnan Province from 1961 to 2013 was represented as tillering stage > heading flow-

ering stage > milk stage > jointing booting stage > returning green stage > yellow ripening stage. The P, was ranked
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as heading flowering stage >tillering stage >jointing booting stage >milk stage > returning green stage > yellow ripe-

ning stage. The IRI was ranked as returning green stage >tillering stage > yellow ripening stage>milk stage >jointing

booting stage >heading flowering stage. The ET, showed high value in the north central region and the low value in

the east central region in different growth periods of the rice. The areas with great decrease of ET, in the different

growth periods of the rice was mainly concentrated in the north central region, and the areas with great increase of

ET. was mainly concentrated in the east central region. The P, and IRl had the opposite characteristics. The most

positive and negative correlation factors for ET,,IR, and IRI of rice was P,.

Keywords : rice; water requirement; irrigation water requirement index; spatial and temporal variability ; cen-

tral Yunnan Province
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Table 1  Crop coefficients K, of rice in different subzones in Yunnan Province
NS . N - "
i A Retujii,;:g/ J,:reen ;If:?i J(f:tjl:ljji%ig Heﬁfféﬁlﬁing LA Yelli?ifﬁning
Site Item Milk stage
stage stage stage stage stage
WP I-1 XSG HiY Date  05-19—05-25 05-26—06-25 06-26—07-18 07-19—08-10 08-11—09-04 09-05—09-15
Dianzhong I-1( Song ming) K, 0.83 1.15 1.12 1.1 1.03 0.94
TP 1-2 X ORI HiJl Date  05-30—06-08 06-09—07-11 07-12—08-05 08-06—08-25 08-26—09-19 09-20—10-01
Dianzhong 1-2(Da 1i) K, 0.9 0.99 1.14 1.19 1.12 0.99
T 1-2 X (RBkuy) HH# Date  05-20—06-01 06-01—06-25 06-26—07-08 07-09—08-04 08-05—08-30 08-31—09-15
Dianzhong I-2( Da yao) K, 1.05 1.05 1.1 1.1 0.95 0.95
Eh 1-3 X (EK) Hi Date  05-26—06-05 06-06—07-04 07-05—08-04 08-05—08-27 08-28—09-16 09-17—09-30
Dianzhong 1-3( Jian shui) K, 0.95 1.04 1.15 1.23 1.19 1.03
E -4 X (Fl R H Date  05-17—05-29 05-30—07-05 07-06—07-23 07-23—08-16 08-17—09-20 09-21—10-05
Dianzhong 1-4( Lu liang) K, 0.92 1.05 1.22 1.31 1.22 1.09
THIMA X VX HH# Date  05-01—05-11 05-12—06-13 06-14—07-06 07-07—08-01 08-02—08-23 08-24—09-04

Xerothermal valley VI K. 0.85 1.31

¢

1.69 1.93 1.84 1.33
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Table 2 Variation slope of ET,, P,, IR, and IRl in different growth stages of rice in the central Yunnan Province

HEF W Growth period I3 X Subregion ET./(mm - 10a™!) P,/(mm - 10a™!) IR/ (mm - 10a™") IRI/10a™!
JELH I-1 X Dianzhong I-1 -0.0938 -0.1515 0.1038 0.0054
JEH 1-2 X Dianzhong 1-2 -1.0110 0.1499 -1.0434 -0.0080
el JEH 1-3 X Dianzhong 1-3 -0.4381 -0.0965 -0.5322 -0.0071
Returning green stage JEH I-4 X Dianzhong 1-4 -0.5178 0.4191 -0.6935 -0.0091
T VIX
Xerothermal valley VI -0.9777 0.0237 -0.9255 -0.0008
JEH I-1 [X Dianzhong 1-1 -0.0909 -1.1630 0.9034 0.0090
L H 1-2 X Dianzhong 1-2 0.4652 -2.2087 " 2.3561 0.0249
5y BE ' 1-3 [X Dianzhong 1-3 1.2547 -3.1667 " * 3.0704" 0.0342 * *
Tillering stage T T-4 X Dianzhong 1-4 0.6753 -2.0676 2.4142 0.0166
Xerj;ﬁiﬁgﬂi Vi -7.5165* 0.7588 -8.3242 -0.0091
JEH I-1 [X Dianzhong I-1 -1.1013* -0.7410 -0.4072 0.0011
JEH 1-2 X Dianzhong 1-2 -0.8206 * -0.4434 -0.4084 0.0009
o R JH 1 1-3 X Dianzhong 1-3 -0.2555 -0.0629 -0.7196 0.0039
Jointing booting stage ' 1-4 [X Dianzhong 1-4 ~0.8080 0.7681 -1.8014 -0.0143
T VIIX
Xerothermal valley VI -3.7477 -0.2837 -3.2473 -0.0029
HP -1 X Dianzhong I-1 -0.2141 -1.3839 1.2091 0.0152
JEH 1-2 X Dianzhong 1-2 -0.7820 -1.3657 0.4591 0.0059
AT JE P 1-3 X Dianzhong 1-3 0.3658 -2.5402* 3.2641" 0.0301 *
Heading flowering stage JEH 1-4 X Dianzhong 1-4 1.1603 * * -3.4672* " 4.9303** 0.0415
T VIX .
Xerothermal valley VI -6.4445 1.3804 -7.6419 -0.0156
L I-1 X Dianzhong I-1 -0.8270 -2.3163 1.6238 0.0217
EHH -2 X Dianzhong 1-2 0.7374 -4.0230* * 4.5936 " 0.0510* *
2| Y] L 1-3 X Dianzhong 1-3 -0.0325 -1.7614 1.9611 0.0238
Milk stage P 1-4 X Dianzhong 1-4 -0.1043 -2.8033 2.8111 0.0207
T VIX . )
Xerothermal valley VI —1.6426 =3.0377 1.3562 0.0157
P I-1 [X Dianzhong I1-1 -0.4836 -1.0109 0.6132 0.0254
JEH [-2 X Dianzhong 1-2 -0.3281 -1.1294 0.8787 0.0150
Y JEH 1-3 X Dianzhong 1-3 0.3443 -0.1041 0.5141 0.0018
Yellow Ripening stage JH ™ 1-4 X Dianzhong 1-4 0.0081 -0.5009 0.5265 0.0098
TR VX -2.7859 " * -0.2514 -2.8925 -0.0162

Xerothermal valley VI

T = FR8 a=0.05 KPZERBE, * « TR «=0.01 K27 EE,

Note: * indicates that the difference is significant at ®=0.05 level, and * * indicates that the significant difference at «=0.01 level.
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Fig.3  Spatial distributions of ET, in different growth stages of rice during 1961-2013
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Fig.6  Spatial variation of P, in different growth stages of rice during 1961-2013

02550 100 knt

025 50 100K
———

02550 100kr 025 50 100

()i ¥ 34
Returning green stage

(b)73 HE ]
Tillering stage

(d)ydih BT 1€ 3]

Heading flowering stage

(o)fk 5 2 A

Jointing booting stage

02550 100K

025 50 100 Rin
——

925 30 10F

()7L #4391
Milk stage

()2 74 34
Yellow ripening stage

(&L H W

Whole growing season

B7 1961—2013 FEPKBARETREREFKEH=E S5
Fig.7 Spatial distributions of IRI in different growth stages of rice during 1961-2013



234 TR XA BT

o538 45

025 50 100°%km

025 50 100Kt

(b)75 BE
Tillering stage

(a)i 7 ]
Returning green stage

()4 BT 1€ 391
Heading flowering stage

()R 19 2 Rl 3y
Jointing booting stage

7>2.58
A 196<7<258

A 0.00<7<1.96

¥ —1.96<7<0.00
V —2.58<2<—1.96
N/ z<-258

025 50 100 KN

(e)7L #43]
Milk stage

() Z410]
Yellow ripening stage

()& L H M
Whole growing season

8 1961—2013 FHFKBAREFHERBAELZETL
Fig.8 Spatial variations of IRI in different growth stages of rice during 1961-2013

I LT R 1 F AR ) P Ok ; 70. 83 % il A5 B B
W1 IRI 5 L Fh s Bl i o A 1) pU kb ), TRI 3
Wi v L DX 3 400 7 T 2R D v L DX A
FEFRILER

Il 7g 1 8g W], B K R 4 A i WIAE Y IRT
40.58, AR I 5 ARG b Y 4 A R AE
83.33%ufi 14 IRT 22 L FH#a %, b T B ph A< 3508 ) PE
TR, RS 13 Ao s IRT S0 el 2 T,
330 ®

AWoE R BEAOKFEAFRATY ET,5 PR
PUAH S AR AL R AT, T 80 P G IRE A F R (E
X, VAT IRT AL TARAG X, IRT 1408 v {8 X 3= %4y
AAE PP AR, Vs = (X B e e, BT
TEL Rt DT AT R B R AT B T PR A K
FER KA TR AR Y SOk R
JEJp¥sm, LR AR E T AR ER, ET, P, R IRI
FARAL B B AR T AE T o BE R LAY
TR A T K X K R = R R R R A BE
W K Ay i, S P HIRG AR 0 40 BE , oy BEBOR /N
SRR DR, BT AL R4 BE ] IRT
BN B2 AR KRS i X FIR T
5 [ 2 bR 55 FA Ml S5 AE DCHBI T e B G

BE AR R G A AS ] 43 IX 7K R 75 K R FAT 355 R
W, R 2 (3) 13 BT 43 DX A 1 v o TG 75
A EPI-1 X A 1-2 X P 1-3 K 1-4
DX 0T 45 VI X KR v o TG /K o 22 47 F 2494 o
HI24 174.60 ,194.58 .270.33 . 263.51 mm Fl 648.88
mm , B LI E T -1 K< 1-2 K<EH 1-4

X< 1-3 K< TR VI (a3 5 52 bR il
BN N [ 1 P 25 S /s W 5 2 N T ) 22
By (fR3ER P=50% . P=75%F1 P=90%) 4 X /K
FHEWE K 2, 5 (= A Oy AR K 2 B
(DB53/T 168—2013) FLA5, A 813 axf A I 4 SR
] K S AF A7 T 7K A v TR TR FH 7K o 289 B /N T R Tk
FAKSER Y — D7 T T AR K 7 SR
BRI SRS R K R K DO 45 IX K R Tk
TRIG U ISR FH (R 7K i it b 35 A 24 Mo B FH L
(LA 1 25 5 R X 382, L s P A E AN o 5 4%
iy DX K T =R P () 45 09 2 5 AR VP 35, e K
YU R R BT A Ml DX S AT AR K A
AR SEAT 1 7K | 32 o T R 4 35 2 A A5l N i
TR TR K i, 7E K BRI = & A b X, KRR HE K AT
TG VER 2, AT K B AR R e 25, v il I
KRS . 55— 7 1, VE H i DX 3 560 3
B A 2D R B B R R, LS [E) A AN
P, A AT 8 25 5 v 0 T K R B TR i 2 v
WETF 7K 15 R 5 TEOK RS AR T 1996 K 2, 2 2016 4F
(/K AE ) 2 7K 7K R T T 38 56 il 52 100 30 1 /K A
1950 m® « hm "7 DL E KN RESVEH S804
THEE T 7K A s T A H AR E FHACGE B /)
4 4w

1)1961—2013 4F-JE Hf HL IX K A% ET, . P, IR Al
IRI SF-Y3{E 43 %) N 546.34 ,235.96,310.38 mm Fl
0.57,ET F1 P, ¥ 52 i E /D k% IR Rl IRI 52 )% 5

TR AR R 43 0l S - 4.358 .- 6.468 1.2
mm -+ 10a™' F10.8% - 10a”", ET, Jf/NEa%FEE



555 Ll

UL T UL BOK BT K R ST A O AL 235

EE P [-2 FIF R VIIX, P g/ N s h
TEE T 1-3 KAFIEY 1-4 X, IRT b 54
TEHE P 1-3 XFIEF 1-4 X,

2)1961—2013 4EE R K ET, 543 BEI] > Jh 7
FEAEI > FL R > H 0T 2RI > 3R 5 30 > 3 2 1)
£ N SR b 1 | A =T O S T 1 = R O AR
R R ) AR PG AR R, BT W E X B 7
ACFR AR 2 VI X AR AA DX 3 255 A0 76 AR
ET P50 5 (i X 2B A A AL , 4 i s (5 X 22
O30 TE 2R e 0 R P R 5

3)1961—2013 4FJE H KRG P, 52 fl BT £ 30 >
Sy BERA > T A > FLA > IR T 1> B AU 1)
P RAR T BRSSP AR A S0 AT REAE , P R AR
) PR, PR DX R 2 T 1) AR A RN P
YRS PR I VO ILEE R 5 PN v (B DX 2 AR TR
2R, 188 e (L X = A e TR

4)1961—2013 4FJE K IRT 23R 75 W > 7 BE
9> B A > ZL G > $5CTT 2R > AR T AR T 1Y
BRAR T R P ARAG P LR R B AR RRAE IR 31
J P 2R 3 1 P BRI U, TR e A DX b rh b 1) 45 A
R ARG R A DX A 3 ) v G A%, HARE X8
FRISZR MR /I s IRT 3% o (L IX = B0 AR 7 AR50, U
g e 1L DX =B A e AL

5 % X k.
(1] BB, B0 whilfst, 35 25 M XK RS 75 K LA 0 i o
[J] AR KR 2018, (11) :21-25.
[2] Z=FEABET. ZFARHDLIX R M]. B ZmRHL R
#t,1992.73.
(3] ZEANEEHIE S Wb DR AR s AR AR e R (K]
T3 T ] HEREHK A1, 2017,36(8) :83-88.
[4] ok ZHE, R, & T S5AESEP KRR R ER
ASARERIGTT 3 BT [ 3] AL RS2 4R ( HARBLARR) , 2017, 52
(1).8-18.
[5] Dalezios N R, Loukas A, Bampzelis D. Spatial variability of reference
evapotranspiration in Greece[ J ].Physics and Chemistry of the Earth,
2002,27(23-24) :1031-1038.
[6] ZEHAT,sRMSF MET, 5. 1959—2015 4R ITT AT K2
SAHHIELY ] AU, 2018,49(7) :217-227.
[7] Kumar S. Reference evapotranspiration (ET) and irrigation water re-
quirement of different crops in Bihar[ J]. Journal of Agrometeorology,
2017,19(3) :238-241.
[8] Eat¥r sk FFEUH,4F. 1960—2015 4EMIRTTA KRS Kt ET
ZEMARRHIEL) ] AR A4, 2019,50(5) :270-290.
[9] ZE88 Ao, hId 45, 1961—2007 4R V1A T i X KRS 75 7K
AR T ] A0k T4, 2011,27(9) :175-183.
[10]  BRERI, /ST, M, A, SR A X AA IO S A R R 7 K
AN L) ]I A1, 2015,1(26) :260-268.

(1] EIO6, 2, s, A SR L i T WK A B
KA ZS AR [ ] KRR 7E IR, 2012,23(5) 1656-664.

[12] ZEbg e, F 106,55, B A KA T K i 2 -
A 3 DX 491 [ 9], SRR 2 2 4 (T2 ), 2009, 42 (5)

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

609-613.
AFR, XN B 45, PR M DX KRS R /K AR R ()] A=

22 ,2014,33(7) :1895-1901.

O REETL, AR, 45, AU o KRR AR /K e R AT
FE[J]. KT, 2018, (9) :37-41.

TRZE TN R AT, 45, Bt A g T K & SR
IKFEEE 23 A [T ] Al TREF,2016,32(12) : 115-121.

CSCHE X RS, TURT, S5, UG IR A K R R K
ARARFIEL I ] K BEIR S 7K TR, 2018,29(4) :236-242.
S, A B, % JET CPORWAT AR B B T /K R /K
LREW K RERTTE ) ] HEEHE K 2412, 2015,34(77) :101-104.
EAMG e Ak 4F. YR P K FE S I E AR AR K ML
FORGTHEPHBTFEL 1] A AR FIK 2016, (8) :121-124.
KL, EE LA, & AP OK IR S R OK AR AR K1Y
AT I ] CFRA R, 2019,47(5) :56-58.

W AR, A A AR R F X[ M ] ALat: hEfl
JiikE,1995:271.

TR AL B, . 2R A A R 7K R BUh R Y 2 1)
LI KA AR, 2007,27(2) :80-84.

Allen R G, Pereira L S, Raes D, et al. Crop evaporanspiration-
guidelines for computing crop water requirements-FAO irrigation and
drainage paper 56[ M ].Rome;FAO,1998.17-27.
DTSR, T, AR, A T 50a rY LG g 1 DX M 2 IR LA AT
[J]. FASRVEIRAAR ,2014,29(1) :104-116.

TN AR 2, . BN MR B T KR S5 1R
FEIFELJ ] A K AR HL, 2015, (1) 1 11-14.

KR, 2R B, SR PR FOR A B kK
5[] BE BRI, 2018,40( 1) :150-160.

Smith M. CROPWAT; A computer program for irrigation planning and
management| M |.Rome ; FAO,1992126.

Yue S, Wang C Y. Applicability of pre-whitening to eliminate the in-
fluence of serial correlation on the Mann-Kendall test[ J ].Water Re-
sources Research,2002,38(6) :1-7.

B AN B AF SR T TR UL 45 4F SR P X T
ARBLATAACAFEL) ] 7K HOrFpiITSE,2018,25(1) :243-249.

Ding Y M, Wang W G, Song R M, et al. Modeling spatial and tem-
poral variability of the impact of climate change on rice irrigation
water requirements in the middle and lower reaches of the Yangtze
River, China[J].Agricultural Water Management ,2017,193:89-101.

Ye Q, Yang X G, Dai S W, et al. Effects of climate change on suit-
able rice cropping areas, cropping systems and crop water
requirements in southern China[ J].Agricultural Water Management,
2015,159.:35-44.

Acharjee T K, Halsema G V, Ludwig F, et al. Declining trends of
water requirements of dry season Boro rice in the north-west Bangla-
desh[J]. Agricultural Water Management ,2017,180148-159.
JBHHAY: (T RHA , ARi e 45, i1 - BELR VR FIXT A e 45 DX K A
LTS K RURENAL ) ] BhiEAR, 2006,51(S2) :8-13.
BUKHER, s, X, A, B XOKREFE T K R 5 7 5B B K
SPRIRINARL R ) ] AR 2741,2018,49(1) :56-65.
T R . S BEII AN IR K W X K AR S K MR B
AREH IR KHERE, 2012, (7) :21-23.

BT 5K TR R, 55, i HKE SR e e[ ]9
HEWE,2012, (11) :46-49.

AT ARk A, AR KRR E B 5 Al 5 B HE L E 40

Az VAR SR T ] Al TARH1R ,2007,23(5) : 95-9.



