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Response of crop water stress index to drip system uniformity and

irrigation amount in arid regions

GUAN Hong-jie, LI Jiu-sheng, LI Yan-feng
( State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, China Institute of

Water Resources and Hydropower Research , Beijing 100038, China)

Abstract: The effects of drip system uniformity and irrigation amount on the crop water stress index ( CWSI) were

evaluated in arid environments of Xinjiang Uygur Autonomous Region, China, during the growing season of cotton in

2011 to amend the current design and evaluation standards of drip system uniformity. Three Christiansen uniformity coef-

ficients ( C,) of 0.65, 0.78, and 0.94 and three irrigation levels of 50% , 75% , and 100% of full irrigation were

used. A higher irrigation amount resulted in a lower canopy temperature and CWSI . The uniformity coefficients of canopy

temperature and CWSI, which ranged from 0.91 t0 0.98 and 0.65 to 0.91, respectively, were positively correlated with

the drip system uniformity. Irrigation amount had a significant effect on canopy temperature and CWSI at the 0.01 level.

The influence of drip system uniformity on the uniformity coefficient of canopy temperature and CWSI were significant at

the 0.05 or 0.01 level. A significantly negative correlation between lint yield and CWSI was observed. The reduction of

lint yield caused by water stress for the low uniformity treatment was lower than that for the high uniformity treatment.

Keywords: crop water stress index; drip irrigation; uniformity coefficient; cotton
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Table 1 The physical characteristics of the experimental soils

TRIRE ASTRIRLARJURL T (5 B 438X Percentage for a given particle size range/ % T E FH [E] 45K
Soil depth Bulk density Field capacity
/cm 2.0~0.02 mm <0.02~0.002 mm <0.002 mm /(g em™3) /(em®+em™3)
0~20 41.06 34.03 24.91 1.65 0.33
>20 ~40 38.25 35.63 26.12 1.67 0.33
>40 ~ 60 32.61 41.08 26.31 1.56 0.33
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Fig.1 Cotton planting pattern and lateral layout of the drip lines
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Fig.2  Schematic diagram of the measurement locations for canopy temperature and lint yield in an experimental plot
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Table 2 The mean and christiansen uniformity coefficients ( C,) of the canopy temperature of the cotton plant
$ekr H 1 AbPR Treatments 453 ANOVA
Parameter - Date(MM=d) ¢ o1 @an clez @R GR AB QB GB c I Cx1
07-24 27.5 27.4 27.6 27.0 26.6 263 26.7 26.1 25.2 NS(p=0.17) * *(p=0.00) NS(p=0.50)
08 - 02 20.4 28.6 28.6 26.5 2.2 256 259 2.0 25.4 *(p=0.04) * x(p=0.00) NS(p=0.67)
Mi?rf%oc 08 - 07 28.2 27.9 27.4 25.6 25.6 26.1 25.3 25.7 25.7 NS(p=0.99) * x(p=0.00) NS(p=0.30)
08 -15 28.0 27.5 27.7 25.4 25.6 25.4 24.8 253 24.6 NS(p=0.73) * x(p=0.00) NS(p=0.78)
08 -20 29.7 28.4 28.5 26.8 27.4 26.8 26.7 263 25.7 NS(p=0.11) * *x(p=0.00) NS(p=0.25)
07-24 0.97 0.97 0.98 0.97 0.97 097 0.9 0.9 0.97 * (p=0.05) * % (p=0.01) NS(p=0.38)
08 — 02 0.91 0.93 0.97 0.94 0.9 0.98 0.95 0.97 0.98 == *(p=0.00) * *(p=0.00) NS(p=0.12)
C, 08 - 07 0.93 0.94 0.97 0.95 0.97 0.98 0.95 0.97 0.97 % %(p=0.00) * *(p=0.01) NS(p=0.32)
08 -15 0.94 0.95 0.97 0.95 0.97 0.97 0.96 0.97 0.97 % *(p=0.000 NS(p=0.13) NS(p=0.27)
08 - 20 0.96 0.96 0.98 0.95 0.97 0.98 0.96 0.97 0.96 == *(p=0.000 NS(p=0.30) = (p=0.03)

T COATRMER S R80T K CLL.C2 BN C3 38R 3 M5 R EUKF-, 43510 0.65.0.78 1 0.94;T1 12 F1 13 F/R 3 MHEK K-, 43931

HFEAYHE K Y 50% 75% F1 100% o R Il

Note: C and I represent drip system uniformity and irrigation amount, respectively; Cl1, C2 and C3 represent low, medium and high uniformity, respective-

ly; 11, 12 and I3 represent low, medium and high irrigation level, respectively. The same as below.
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Table 3 Correlation coefficient between canopy temperature and emitter discharge rate along the laterals for each treatment
b H# Date(M - d)
Treatments 07-24 08 - 02 08 - 07 08 - 15 08 - 20
ClI1 -0.717" " -0.789" " -0.753" " -0.807" " —-0.498
Cl12 -0.567" -0.662" " -0.826"" -0.795"" -0.734""
C113 -0.746" " -0.765" " -0.819"" -0.777"" -0.813""
Cc2I1 -0.182 —-0.461 -0.484 -0.360 -0.298
C212 -0.360 -0.634" -0.378 -0.502 -0.272
C213 -0.59" 0.065 -0.238 -0.527 -0.736""
G311 0.151 -0.315 -0.349 0.049 -0.136
G312 -0.083 0.032 0.600" 0.005 -0.130
C313 -0.623" —0.443 -0.076 0.100 -0.143
TE: * FORMIRIRTE 0.05 KV EWFE; « x FRMIKKRLE0.01 KF ERIFE,
Note: * represent significant at the 0.05 level; * * represent significant at the 0.01 level.
T4 WL CWSI HEMBHRY
Table 4 The mean and christiansen uniformity coefficients ( C,) of the crop water stress index ( CWSI) of the cotton plant
T H i AL Treatments J5 255381 ANOVA
Parameter - DateM=d) c1j1 o @3 ¢z @R GRClB QB 3B c I Cx1
07-24 0.25 0.25 0.26 0.23 0.22 0.20 0.22 0.20 0.16 NS(p=0.17) * *(p=0.00) NS(p=0.50)
08 - 02 0.33 0.31 0.30 0.21 0.20 0.17 0.19 0.19 0.17 *(p=0.04) * x(p=0.00) NS(p=0.81)
Mfﬁ’c 08-07  0.29 0.27 0.25 0.18 0.18 0.20 0.16 0.18 0.18 NS(»p=0.99) =+ *(p=0.00) NS(p=0.30)
08-15  0.28 0.26 0.26 0.17 0.17 0.17 0.14 0.16 0.13 NS(»p=0.73) * *(p=0.00) NS(p=0.78)
08 - 20 0.35 0.29 0.30 0.22 0.25 0.22 0.22 0.21 0.18 NS(p=0.11) =* *(p=0.00) NS(p=0.25)
07 -24 0.86 0.88 0.90 0.86 0.87 0.86 0.72 0.78 0.80 NS(p=0.14) * % (p=0.00) NS(p=0.63)
08 — 02 0.68 0.73 0.87 0.70 0.77 0.85 0.73 0.82 0.85 == *(p=0.00) NS(p=0.29) NS(p=0.52)
C, 08 - 07 0.69 0.75 0.86 0.66 0.79 0.88 0.70 0.80 0.81 == *(p=0.00) NS(p=0.94) NS(p=0.59)
08 -15 0.73 0.78 0.8 0.65 0.8 0.79 0.71 0.80 0.77 *(p=0.04) NS(p=0.59) NS(p=0.52)
08 -20 0.84 0.83 0.91 0.76 0.8 0.89 0.77 0.82 0.78 =* *x(p=0.00) * % (p=0.00) = (p=0.02)

1 NS FE/RTE 0.05 /K- EARE; » FKARTE 0.05 K P FWE; » x FR7E0.01 KF FB3F,

Note: NS represent not significant at the 0.05 level; * represent significant at the 0.05 level; * * represent significant at the 0.01 level.
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