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Quantification of Growing-Season Crop 
Evapotranspiration for Sugarbeet in Wyoming

Vivek Sharma1,2

Introduction
The sugarbeet (Beta vulgaris) is one of the most important 
irrigated row crops in Wyoming. In 2015, farmers 
harvested ~9.3 million tons from 31,200 acres—and the 
value of production was ~$41 million (Brandt and Hussey, 
2016). Improving sugarbeet irrigation management 
can have significant impacts on both quantity and 
quality of sugarbeet, and it can also help producers 
better manager their own water needs while helping to 
conserve Wyoming’s water resources. Efficient irrigation 
management in sugarbeet production requires adequate 
quantification of growing-season water use, i.e., crop 
evapotranspiration (ETc).

ETc represents direct loss of water from the field by 
evaporation from the soil and transpiration by plants. 
ETc is highly dependent on crop type, growth stages, 
soil management, and meteorological conditions such 
as air temperature, solar radiation, relative humidity, 
and wind speed. It is a powerful indicator of crop water 
productivity. A reliable estimate of ETc is also vital 
to develop criteria for in-season water management, 
particularly in the context of irrigation scheduling, water 
allocations, long-term estimates of water supply, and the 
design and management of water distribution structures 
(e.g., canals, reservoirs). Detailed information about ETc is 
in the University of Wyoming Extension Bulletin B-1293, 
Evapotranspiration: Basics, Terminology and its Importance, 
available at www.wyoextension.org/publications.

Objectives
The main objectives are to quantify sugarbeet daily and 
seasonal variation in crop evapotranspiration (ETc).

Materials and Methods
The study was conducted in 2017 at the Powell Research 
and Extension Center (PREC). The field was prepared 
with conventional tillage and fertilized with a nitrogen 
blend (SSN-46N and SSP 11-52-0) based on soil samples 
collected May 5. Eight days later, the sugarbeet hybrid 
9418RR was planted at a 1-inch depth with a projected 
plant density of 50,000/ac. Plants emerged from May 25 
to May 29, and urea-ammonium nitrate (UAN 32%) was 
side-dressed June 29. Irrigation was applied using a Global 

Positioning System-guided, variable-rate center-pivot 
sprinkler system. Weed and pest control was uniformly 
applied to the entire field as needed. Sugarbeets were 
harvested October 12.

BREB System Installed at PREC
A Bowen ratio-energy balance (BREB) system was 
installed on June 24, 2017, in the middle of the sugarbeet 
field (Fig. 1) to measure hourly, daily, and seasonal 
fluctuations of ETc and other energy balance fluxes 
(e.g., net radiation, soil heat flux, and sensible heat flux). 
BREB is an integrated system consisting of temperature-
humidity sensors (at two heights above the crop canopy 
to measure the vertical heat and vapor gradient) and a 
double-sided total hemispherical radiometer (to measure 
longwave, shortwave, and net radiation). Also included 
are heat flux plates and three soil thermocouples to 
measure soil heat flux. In addition, rainfall and wind 
speed/direction are recorded using a rainfall sensor cup 
and an anemometer, respectively. A detailed description 
of the BREB system and its components is provided by 
Irmak (2010).

Results and Discussion
In this section, we highlight the sugarbeet ETc from 
June 27 to the end of sugarbeet growing season, October 
15 (Fig. 2). Daily ETc varied from 0.02 inch on June 27 
to 0.32 inch on July 14, while the season average was 
~0.20 inch/day. The season’s total ETc was ~20 inches 
(Fig. 2). Relative to days after planting and thermal units 
(an indicator for assessing crop development), sugarbeet 
growth can be divided into four stages: early season, 
development, full cover, and late season. ETc percentages 
during these four stages in 2017 were 2.0, 35.2, 51.3, and 
11.5 of total seasonal ETc, respectively. Low ETc at the 
early season growth stage is due to non-availability of data 
before June 27. Average ETc during the early, development, 
full cover, and late season were 0.10, 0.23, 0.22, and 
0.11 inch/day, respectively. Sugarbeet ETc data presented 
in this study along with soil water measurements will 
assist producers in managing their irrigation systems 
more effectively, e.g., irrigation timing and amounts. In 
addition, having ETc data for the entire season allows 
producers to better plan water needs for the full year.
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Figure 1. The Bowen energy balance system in a developed sugarbeet 
field at PREC.

Figure 2. Sugarbeet daily crop evapotranspiration (ETc), cumulative ETc, 
cumulative precipitation (P), and cumulative irrigation (I) for the 2017 growing 
season.
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