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Abstract ; Crop minimum canopy resistance is the crop canopy bulk stomatal resistance to vapor transfer at
potential transpiration. It is an important parameter for studying energy balance and vapor transfer in
agricultural ecosystem. In practice, crop canopy is generally treated as a complete homogeneous canopy
with the properties of a single “big leaf”. The minimum canopy resistance can therefore be estimated
indirectly through simple spatial scaling from minimum leaf stomatal resistance, or via the inversion of
energy balance model. In current paper, we used field measurements and the method presented by
O’Toole! to estimate the mean minimum canopy resistances of Northern China winter wheat at four
different development stages. Our analyses gave different estimates for different development stages. The
mean minimum canopy resistances we obtained for Northern China winter wheat under clear sky condition
will find wide applications in calculating canopy-surface-temperature-based CWSI and some other water-
transfer-related parameters.

The application of O’Toole’s method involves combining the empirical relationship between canopy -
air temperature difference and air vapor pressure deficit with its theoretical explanation, and the
information of crop canopy temperature. The mean minimum canopy resistance during a certain period can
be expressed as:
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where A (intercept) and B (slope) are the linear regression coefficients of canopy-air temperature
difference of the potential transpiring crop under air vapor pressure deficit, R, is the net radiative flux
density (W « m %), G is the soil heat flux density (W + m ?), oC,is the volume heat capacity of air (JK'
m *), 7 is the psychrometric constant (Pa « C '), A is the slope of the saturated vapor pressure vs.

temperature curve (Pa+ C '), and 7., is the minimum canopy resistance (s * m ).
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All experimental measurements were collected from a well-irrigated field plot between about 0900 and
1500 h Beijing time when clear sky condition prevailed. The field soil water volume content was maintained
above 80% of field capacity to ensure that the crop was fully irrigated and transpiring at its potential rates
under this condition. Mean R, and A were calculated from the measurements collected during the diurnal
experimental period at the same plot.

Our analyses show that the empirical relationships between canopy - air temperature difference of the
potentially transpiring winter wheat and air vapor pressure deficit are different at different development
stages. Thus, the estimation gives different mean minimum canopy resistances for different development
stages of winter wheat. The minimum canopy resistances of winter wheat are respectively 13. 01, 18. 03,
16. 85 and 23.22 s m ' from four different growing stages: from reviving to elongation, from elongation to
heading, from heading to filling, and from filling to mature. The calculated canopy - air temperature
differences using the estimated 7., were comparable with the measured canopy - air temperature differences
under well-watered conditions for winter wheat.
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Table 1 The non-water-stressed baselines and minimum canopy resistances in different development stages of winter
wheat in North China Plain
Mean (R,—G) Mean A A B R? Mean 7,
(Wem?) (hPa - C1) C) EC Yh SR b (s*m 1)
~ 411. 34 1.37 Q.59 —OBI"6 0.84"* 13. 01
~ 500. 69 1. 37 W27 —0.21 0.64" " 18.03
~ 528. 65 1.75 1. 36 —0.15 0.79** 26. 85
~ 580. 17 1.79 1.25 —0.15 0.73"* 23.22
**0.01
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