
82 | 2018 Field Days Bulletin | PREC Long Reports

Development of Sugarbeet Crop Coefficients

Vivek Sharma1,2

Introduction
Accurate quantification of crop evapotranspiration (ETc 
[see definition in previous paper]) is one of the critical 
parameters for effectively managing irrigation, especially 
in semiarid regions like Wyoming. In general, measuring 
ETc is a difficult, time-consuming process requiring 
advanced measurement techniques and expensive 
instrumentation. In many cases, ETc is estimated using 
the experimentally derived crop coefficient (Kc) together 
with reference evapotranspiration (ETref). ETref is defined 
as the rate of water loss by evaporation and transpiration 
from a healthy (free of water stress and diseases) grass 
or alfalfa reference surface. Detailed information on 
ETc, ETref, and reference surfaces are provided in the 
University of Wyoming Extension Bulletin B-1293, 
Evapotranspiration: Basics, Terminology and its Importance, 
available at www.wyoextension.org/publications. Kc, 
meanwhile, incorporates crop canopy characteristics 
and management practices. Each crop has a different 
set of specific Kc values used to predict water use rates 
at different growth stages; however, not much is known 
about the daily and seasonal patterns and magnitudes in 
daily Kc values for sugarbeet in the semiarid Wyoming 
growing areas.

Objectives
The objectives of this study are to develop daily alfalfa- 
and grass-reference crop coefficients (Kc) for sugarbeet 
based on days after planting (DAP) and thermal units 
(growing degree days, GDD) (see B-1293 for details).

Materials and Methods
A field experiment was conducted at the Powell Research 
and Extension Center (PREC) in 2017. A detailed 
description of field-management practices and ETc are 
provided in the previous paper. Sugarbeet Kc values based 
on grass (Kco) and alfalfa (Kcr) reference surfaces were 
calculated from ETc values obtained from the Bowen 
ratio-energy balance (BREB) system in the field. We then 
used the following formula to estimate ETref:

Daily grass-reference (ETo) and alfalfa-reference (ETr) 
evapotranspiration were computed using the standardized 

American Society of Civil Engineers Penman-Monteith 
equation (Task Committee on Standardization of 
Reference Evapotranspiration, 2005). GDD (°F) was 
calculated using daily average air temperature (Tavg) and 
the base temperature threshold (Tbase) for sugarbeet 
survival (34°F) and is expressed as:

Results and Discussion
Grass- and alfalfa-reference crop coefficients as a function 
of days after planting (DAP) and growing degree days 
(GDD) are presented in Figures 1A–D. In general, Kc 
values were low in the early season stages, gradually 
increased before reaching maximum values toward the 
middle of the growing season, and then decreased toward 
the end of the season. The average Kco and Kcr values for 
the four growth stages are presented in Table 1.

The sugarbeet Kc values presented from our study are 
higher than reported by Allen et al. (1998). They reported 
values of 0.35 for initial stages, 1.20 for mid stages, and 
0.70 for late growth (Allen et al, 1998, did not report a Kc 
value for the crop development stage). Higher values are 
largely attributed to the differences in cultivars used in 
our study, methods used, climatic conditions, and perhaps, 
more importantly, soil and crop management practices. 
This further justifies the significance of developing 
local Kc values for accurate quantification of sugarbeet 
water use.

The extremely low value of 0.70 at the late growth 
stages reported by Allen et al. (1998) is due to the fact 
that they reported late Kc values for no irrigation during 
the late growth stage. Under the semiarid conditions 
of the Bighorn Basin, however, four to five irrigation 
events generally occur from the first week of September 
until harvest, which resulted in higher sugarbeet Kco 
and Kcr values in our study. In addition, at harvest, 
we noticed that plant canopy coverage was still greater 
than 70%. Producers can use the reported Kc values to 
estimate actual crop water use. For example, if the ETref 
(based on the alfalfa reference surface) for sugarbeet 
mid-stage (August 15–20) is 1.20 inches and Kc is 
1.15 (Table 1), the actual crop water use is 1.38 inches 
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Kco = ;ETc
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n

i = 1

http://www.wyoextension.org/publications/


PREC Long Reports | 2018 Field Days Bulletin | 83

(ETc=ETref × Kc)=1.20 × 1.15=1.38). And if the 
application efficiency of the irrigation system is considered 
to be 85%, then 1.6 inches should be applied (1.38 inches 
÷ 0.8 =1.6 inches) to meet the crop water requirement 
and to account for irrigation application losses. (Note: an 
application efficiency of 85% was used as an example. It 
can vary among irrigation systems and how the systems 
are managed.)
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Figure 1. Alfalfa- (A and C) and grass- (B and D) reference crop 
coefficients (Kcr and Kco, respectively) for sugarbeet as a function of days 
after planting (DAP; A and B) and growing degree days (GDD; C and 
D).
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Table 1. Distribution of sugarbeet crop coefficient based on grass 
(Kco) and alfalfa (Kcr) reference surfaces for different growth 
stages at PREC, 2017.

Initial
Crop 

Development Mid Stage
Late 

Growth

Kco 0.57 1.04 1.43 1.40

Kcr 0.44 0.83 1.15 1.08
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