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Characteristics and influencing factors of crop
water requirements in northeastern Yunnan

Wan Mengdan, Wang Lu, Zhang Yan, Liu Xiaogang, Yang Qiliang, Wu Hao
(Faculty of Modern Agricultural Engineering, Kunming University of Science and Technology, Kunming, Yunnan 650500, China)

Abstract: Based on daily meteorological data from three typical meteorological stations ( Huize ,Zhao-
tong and Zhanyi stations) during 1955—2013 ,rice, spring maize and winter wheat water requirements
were calculated by FAO — 56 Penman — Monteith equation and their changing trends were analyzed ;
simultaneously the influence of meteorological factors on main crops water requirements were probed by
partial correlation and stepwise regression analysis. The results show that at Zhaotong station, the main
crops water requirements decrease in various degree with the time. An decreasing tendency of rice,
spring maize and winter wheat is 10. 07 mm/10 a,1.44 mm/10 a and 1. 06 mm/10 a, respectively.
However, the main crops water requirements at other stations show an increasing trend. Rice water re-

quirements at Huize and Zhanyi stations are increased by 8. 85 mm/10 a and 4. 48 mm/10 a, respec-
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tively; spring maize water requirements are increased by 8. 38 mm/10 a and 4. 57 mm/10 a, respec-

tively; winter wheat water requirements are increased by 7. 39 mm/10 a and 3. 10 mm/10 a, respec-
tively. Moreover, the water requirements of the same crop during different growth stages at the three
stations are similar. The decreasing order of rice water requirements at every growth stage is tillering >
jointing > earing > milk > yellow maturity > turning green; for spring maize the decreasing order is join-
ting > grouting > seeding > booting > maturity ; for winter wheat the decreasing order is milk > flowering >
maturity > seeding. The influences of different meteorological factors on crop water requirements are dif-
ferent. Sunshine and mean wind speed are main factors, which have a significant positive correlation
with rice and spring maize water requirements. The climatic factors which affect winter wheat water re-
quirements are different for every station. The winter wheat water requirements at Huize and Zhanyi sta-
tions have a significantly positive correlation with mean temperature and sunshine hours, while those at
Zhaotong station have a significant positive correlation with sunshine hours, but a significant negative
correlation with relative humidity.

Key words: crop water requirement ; northeastern Yunnan; meteorological factors; partial correlation;

stepwise regression
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Tab.1 Crop cofficients of main crops
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Tab.2 Climatic tendency rate of each meteorological
factor at different stations

Wi Po/mm  Hyg/% Ty/C Sy/(m-s~') Pp/kPa S/h
% -6.585  -2.930  0.694  -0.098  0.009 61.196
WHE  -5.897 -0.941  0.479  -0.224  0.019  -29.089
Wigg 14991  -1.340  0.500 0.012  0.010  —7.5%
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Fig. 1 Variation curves of main crops annual water requirements
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Tab.3 Rice water requirement during different growth stages
. ET/mm ETy/(mm - d-1)
B B w it FLA W AEEN B Iy w i FLA B =g
Bt 28.3 132.7 64.6 55 54.6 37.2 372.3 3.1 3.8 3.8 4.2 4.2 3.1 3.8
A 38 25.4 102.9 57.2 44.3 43.9 38.8 312.5 2.8 2.9 3.4 3.4 3.4 3.2 3.2
Witk 29.2 111.1 55.2 44.5 43.7 38.8 322.4 3.2 3.2 3.2 3.4 3.4 3.2 3.3
S 27.6 115.6 59 47.9 47.4 38.3 335.7 3.1 3.3 3.5 3.7 3.6 3.2 3.4
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Tab.4 Spring maize water requirements during different growth stages

4533 %

ET/mm ETy/(mm -« d-")
i
HiH # ZRl i e EEM Hi] #A 7R I I SEHW
SB 81. 1 146.0 72.2 90.7 47.8 437.8 2.7 3.7 3.3 2.9 1.7 2.9
UEsT) 68.3 115.4 56.8 75.5 49.7 365.7 2.3 2.9 2.6 2.4 1.8 2.4
W 86. 6 125.6 64.2 75.0 46.5 397.9 2.9 3.1 2.9 2.4 1.7 2.6
-1y 78.7 129.0 64.4 80. 4 48.0 400. 5 2.6 3.2 2.9 2.6 1.7 2.7
= IS4 = IS4 =N
3.3 &0k ZNE A HEE B B K A H B K R R

5 FrR. Pl AR F WP R K & R H SRR K
IR, B 442.3 mm f1 2.5 mm/d, KK A
83U B 3. 5 0 A4/ 2 1 I B K
FHF TR R HE I AR A -8 £ T B

M Te AT, A& /N7 4t B R K AR R 1
7 186.0 ~524. 0 mm, HI{E Hy 350. 4 mm. 23753k
it i &/ NE T K AR PR AR AL G S R —F T
5 A 25 AH B, 7 K AR B AR D SR A

SR TR a IR ot ot = B K0 e AR Aoy < L
R 10 a Jg/ 1,06 mm, 230G A 65 1 5 10
a 43 7. 39 mm F1 3. 10 mm.

-2 AR R B O FL A JE AR, I
W15 25 B BEH P2 75 K OR B/ IME IO 2L IF
A6, LN, H Y.

RS ZNEBEEMRTKE

Tab.5 Winter wheat water requirements during different growth stages

s ET/mm ETy/(mm - d-1)

" T B A LA Wi ik FLHA A ST
2k 17.5 119.2 272.4 33.2 442.3 0.9 2.0 3.9 1.1 2.5
W3 15.1 60.7 130.2 21.5 227.4 0.8 1.0 1.9 0.7 1.3
Wit 18.6 86.8 245.5 30.7 381.5 0.9 1.5 3.7 1.0 2.1
S84 17.1 88.9 216.0 28.5 350.4 0.9 1.5 3.2 0.9 2.0
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Tab.6 Partial correlation coefficients between crop daily water requirements and meteorological factors

YEY) vl TET4P TETyS TET4S TET4PR TETgM, TET4HR TETgim TET gy TET gy,
= 0.062 * 0.931 *** 0. 631 *** 0.257 *** —0.209 *** -0.013 0. 298 *** -0.065 * 0.051 *
IKFE i 38 0.034 0.915 *** 0. 721 ** 0. 250 *** —0. 259 *** 0. 068 * 0. 330 *** -0.242 ** 0.033
e 0.035 0. 923 *** 0. 619 *** 0.207 *** —0.297 *** 0.037 * 0. 330 *** 0. 006 0.115*
o 0. 119 ** 0. 566 *** 0. 441 ** —-0.256 *** 0. 154 *** —0.293 *** -0.028 -0.130 ** 0.025
ESP N i 38 0.015 0. 574 ** 0. 289 *** —0.243 = 0.075 * —0.205 *** 0.077 * —0.245 *** -0.023
hits 0.070 * 0. 526 *** 0. 371 *** —-0.326 *** 0.103 ** —0.251 *** 0.043 * -0. 140 ** —-0.046 *
= 0. 066 * 0. 390 *** 0. 279 *** —-0.088 * —0. 163 *** -0.002 0. 326 *** —0. 124 *** -0.053 *
INFZ {2513 -0.022 0. 543 *** 0. 237 ** -0. 166 *** 0. 174 *** —0. 308 *** 0. 122 —0.274 *** 0.03
Whits 0. 060 * 0. 392 *** 0. 285 *** —-0. 163 *** —0. 183 *** 0. 003 0. 325 *** -0.041* —-0. 168 ***

TE AR, s s JPRIFORRATISE R EGE T @ =0.05,0.01,0. 001 ) .35 MG K.
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