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Cause analysis and drought characteristics during rice growing
season in Kunming based on crop water deficit index

LI Chuang, LIU Yan-wei, FU Na, YANG Qi-liang, LIU Xiao-gang
( Faculty of Modern Agricultural Engineering, Kunming University of Science and Technology , Kunming, Yunnan 650500, China)

Abstract: Based on the daily meteorological observed data from 1952 to 2013 in the Kunming Station, the daily ref-
erence evapotranspiration ( ET,)) and the rice water requirements in growing season during 62 years in Kunming Station
has been calculated by the Penman — Monteith Formular recommended by the Food and Agriculture Organization (FAO)
in 1998. Using the Mann — Kendall trend test method has researched the change regular of the crop water requirements.
At the same time, the concept of crop water deficit index ( CWDI) has been introduced. According to the water deficit
index of rice, has researched the effects of each meteorogical factor to the water deficit index by using the path analysis
method. The results showed that: In recent 62 years, the average ten days crop water requirements in Kunming Region
was 32.55 mm. The drought distribution in rice growth season was obviously uneven. With the increase of the growth
season, the drought grade was from light drought level to the heavy drought level, the most serious drought occurrence
period was the ripening stages. In whole rice growing season, the average water deficit index was 38.07% , it indicated
that rice was at the heavy drought status. In the research of the coefficient of variation, the variation coefficient of the wa-
ter deficite index was total small. In the six growth stages as turnning green, tillering, jointing, heading, milk muturity
and yellow muturity, the variation coefficients were 1.8% , 1.9%, 1.3%, 1.1%, 0.8% and 0.8% , respectively. It
indicated that change of the drought grade was rather small in recent years in Kunming Region. The maximal positive cor-
relation factor for affecting the water deficit index was the sunshine hours and the negative correlation factor was the water
vapor pressure.
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Fig.1 The change trend of the water requirements, precipitation, and water deficit index in rice growth period in Kunming
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Table 1  Change of water deficit index in rice different growth period in Kunming Station

HHEE o R %
Growth stages KM/ % f/ME/ % biifi % HIH e Coefficent of
Maximum Minimum ~ Standard deviation ~ Average Variance variation
127 Tumning green(05 — 27 ~ 06 — 04) 100.0 -65.9 45.2 25.0 2046.3 1.8
SYBE Tillering(06 — 05 ~ 07 - 09) 99.0 -101.2 49.2 25.8 2424.2 1.9
$KAY Jointing(07 - 10 ~ 07 - 26) 100.0 -85.3 47.5 35.4 2259.8 1.3
i Heading(07 — 27 ~ 08 - 08) 98.7 -65.9 4.4 41.6 1971.4 1.1
FL# Milky maturity(08 — 09 ~ 08 - 21) 99.5 -45.6 39.4 48.5 1554.3 0.8
U Yellow maturity(08 — 22 ~ 09 - 03) 99.8 -90.8 39.6 52.1 1570.1 0.8
TR IS A A B IR 2 S R B & B .
IK G325 H8 B AL S BB SRR N X R B, B X An
b DK Rt A B N K 20 B 75 FR BCES 22 BN, B AR S _/__\_,_’A___A__\_,\__P_ __________
R R T N KA B HE OSSR/ N AV A=Y A,

2.3 BRAMXKBEASBSIEBNERTHNE

F| F Mann — Kendall #2365 56 722 6 B BH i X 7K
FEK B 36EL CWDI BEAT AR BT T 5878 S
W BETEKTE « = 0.05, I A FAE uy s =
+1.96, LIRS LR R UL 2., SEit R 1952—2013
FEIKFK I 5 1R B EAE 16.8% ~ 65.1% Z1A],
KIRTF 15%, BRERIIZIX I 62 4R KRG K FA
L B ) Mann — Kendall 656 25 5/ UF pli £k 15
H,1965—1967 4, 1972—1978 4, 1998—2008 4F-
1957 5 1986 4 UF Giit & /N T 0, % B[] X [iH]
N B BB IX KR A K 22K o0 B 5 R B T R E
RI-FE9CN A B2 B 4R UF SeitsE kT
0, WL XK R AR ZE K B 7 F R 25 2
TS BT R AR R K K UF St
UB St it 119 1 42 75 2009 4F 4 BRAZ 5, I HAS S 78
Il P Z ], R 5EAE 5, AT A5t B B A ok
SEPETE IO H 2009 FIF IR R AT IS, X 5T
JUAE R B L X T 25 LB & .

/
\
\\/\\/ /\/\’\ \ /
0 Y ‘/\V L VAV ) ) L N ]
5219571962\9/5719 21 7198219871992199‘7’2@6’2’2‘65‘7,)10’12
. v

Ay Year 1\,

UK i & The statistic value of UK
o

3L —— UF# 1] & The statistic value of UF
—— UB% il & The statistic value of UB
------ 0.05% %% 7K 1> 0.05 significant level

B2 BEBHAMRXKEKSESHEYH M- KKk
Fig.2 The Mann — Kendall test curve of rice crop water

deficit index in Kunming Region
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Table 2 Direct path coefficient of the meteorological factors to crop water deficit index

Mje%io;: Al P PR SW TA ME HR S TL TH CWDI
factors /mm /kPa /(mes™") /C /kPa /% /h /C /C /%
P1E -0.33 -0.02 0.14 -0.11 -0.67 -0.07 -0.10 0.03 0.29 1.00

*3 SFZEAFHMEMKSBSIHEBNERIHESR
Table 3 The path analysis results for meteorological factors to crop water deficit index

Mje%o; Al P PR SwW TA ME HR S TL TH CWDI
factors /mm /kPa /(mes™1) /C /kPa /% /h /C /C /%

P/mm -0.33 0.00 -0.05 -0.05 -0.44 -0.04 0.06 0.01 0.09 -0.75

PR/kPa 0.05 -0.02 -0.02 0.04 0.16 -0.01 0.01 -0.01 -0.10 0.09

SW/(m-s™") 0.12 0.00 0.14 0.01 0.28 0.05 -0.05 -0.01 0.01 0.55

TA/C -0.15 0.01 -0.01 -0.11 -0.57 -0.01 0.02 0.03 0.28 -0.52

ME/kPa -0.21 0.00 -0.06 -0.09 -0.67 -0.05 0.06 0.02 0.20 -0.80

HR/ % -0.18 0.00 -0.09 -0.02 -0.43 -0.07 0.08 0.01 -0.02 -0.73

S/h 0.18 0.00 0.07 0.02 0.37 0.06 -0.10 -0.01 0.02 0.61

TL/C -0.18 0.00 -0.04 -0.10 -0.63 -0.03 0.04 0.03 0.24 -0.66

TH/C -0.10 0.01 0.01 -0.10 -0.46 0.01 -0.01 0.02 0.29 -0.33

F2FRELW X CWDI ) B BB AR BT
AR R EOE SRl IEE R R R H T X Ccwbl
IEAG, Bl E TRIARE R, WK 2 k315
% CWDI e R 2 B K B2 KRR, B X CWDI
YEF R TG , Bl R AR - 0.67, % [mlH R 4L
DIRR{EJE - 0.8, £ 3 AL HEEXS CWDI 1 [H]
e, WR a5 XEORT BB O 1438 4% 2R 4K
FACHIEE, 5REM R R K Z R 0, 74T
CWDI TEAISC P 2w, HBEST [1 5 J5 R Ak 0 ] 5 A2
FE2 0.61, X# A 0.55,

255 R ] [ e A ] 45 4 BB 7 [
AHE S, R CWDI 254k % 5% N F AL RIVEH,
BRGHETXT CWDI ) 1EAH &5 K /MKIR R - B
R RS 5 % CWDT S SR i R R AR YR 7K TR
FE R MoK BB IR VORI TR

3 shie e

(1) 1952—2013 4 0 b X K g A= K 22k 7 2
TR R 2 DOK R A KRR R A T T AR TR
AT 5.6 H 4y, IR & 780l , fir LUK 3 &5

BRUE TN AR, R R0, fEiHE
W, R XK R A KWK & ET, B FE, fil
T KEYMER 32.55 mme B 7 HJG, K538 7155

CWDI FIRE 8 I fE KA R RGN B AR 9
H bA), CWDI 5% 53.79% , 590, X 5 FEK
(2) KA RK R SrBE KT HlEE FL B
BEAGT BN CWDI 7% 5 R EAR/N, 4390 R 1.8%
1.9% .1.3% .1.1% .0.8% .0.8% , CWDI 1 1952—
2013 4B o A fa s, B IR R sl i, iX 3
TNTE 62 a PRI, B I M XK ARG A K 1+ 5
ERAEIR AN
(3) 7EH ] Mann — Kendall %} & B #b X 1952—
2013 4F CWDI 4F bRk A a4t b, oK o Lo
BEIIKT 15% , Ui B B XK ARG A= K &4 F 1
S UF Geit s UB Seit & i i 2 4E 2009 4F 4 31
28w, XL A T 52 M 2009 4R FF 4R, IF H AT %
AR R
(4) e ST cwpl @Ry, |
HEXT CWDI il AR 2O — 0.1, % [B1)A 7 A Ak p
SERLE STRMEA R T 0.61, I CWDI TEAH X H
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