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Introduction
The water available for crop production is becoming scarcer. The emphasis on efficient use of water is increasing 
for promoting water resource sustainability and maximum economic returns. In Wyoming, many producers are 
facing water availability and allocation issues, with the majority of crop production possible only with irrigation, 
either sprinkler or furrow systems. Under these conditions, knowledge of soil water balance components [i.e., crop 
evapotranspiration (ETc), soil water content, and losses such as runoff (RO) and deep percolation (DP)] is critically 
important in developing effective irrigation management strategies that enhance water use and minimize water loss. 

Objective
Quantify crop water use and water balance components for sprinkler- and furrow-irrigated dry beans in Wyoming.

Materials and Methods
Field experiments were conducted in 2017 and 2018 at the Powell Research and Extension Center (PREC). Dry bean 
cultivar ‘Othello’ was planted under sprinkler- and furrow-irrigation system in 22-inch row spacing at 90,000 seeds/
ac. The experiments were laid out in a randomized block design under five irrigation gradients: full irrigation treatment 
(FIT), 75% FIT, 50% FIT, 25% FIT, and 125% FIT (excess irrigation) with three replications. ETc was calculated using 
soil water balance approach:

ETα=P+I+U−RO−DP±∆S

where P is precipitation, I is irrigation, U is upward water flux (assumed zero), RO is a runoff, DP is deep percolation, and 
∆S is change in soil moisture content in the effective dry bean root zone. Precipitation value was taken from a nearby 
weather station located at PREC. For both irrigation systems irrigation amount was quantified for each irrigation 
event. Changes in soil moisture ( was calculated on weekly or bi-weekly basis using a field-calibrated neutron probe 
soil moisture meter at 1, 2, and 3 feet depths. For sprinkler irrigation, RO was calculated using the USDA-NRCS curve 
number procedure (USDA-SCS, 1972) and for furrow irrigation, trapezoidal flumes were installed in each irrigation 
treatments on upstream and downstream side to monitor water influx and RO. For both irrigation systems, DP was 
measured using soil water balance considering soil water depletion, runoff, and irrigation and precipitation amounts. 

Results and Discussion
The average of water balance parameters (P, I,∆S, RO, DP, and ETc) for different irrigation treatments under sprinkler and 
furrow irrigation systems are presented in Table 1 and Figure 1. In general, the ETc increased with increase in applied 
irrigation under both sprinkler and furrow irrigation systems. Under sprinkler irrigation, the amount of irrigation 
applied for FIT was 10.8 inches and crop evapotranspiration of 14.12 inches was achieved, whereas under furrow 
irrigation, the amount of irrigation applied was 33% higher and corresponding crop evapotranspiration was 3% higher 
as compared to sprinkler irrigated dry beans. In general, higher irrigation application in furrow irrigation systems is 
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required to achieve higher irrigation uniformity that results in significantly higher runoff and deep percolation losses. 
Under furrow irrigation, the total losses (runoff plus deep percolation) were approximately 14%, 30%, 41%, and 57% 
for 50% FIT, 75% FIT, FIT and 125% FIT of the total irrigation water applied, respectively. However, as expected for 
sprinkler irrigated dry beans, the total losses were approximately less than 5% of the total irrigation applied across 
different irrigation treatments. The excess irrigation under furrow irrigation negatively impacted the ability of dry bean 
to use water. However, 50% FIT and 75% FIT were able to achieve similar ETc to FIT under furrow irrigation and could 
be viable deficit irrigation strategies to save water, whereas, under sprinkler irrigation system, irrigation equal to the 
crop water demand is required and reduction in irrigation can reduce ETc significantly. 

In summary, the higher application efficiency and uniformity of sprinkler irrigation systems allow for higher water 
savings in comparison to furrow irrigation systems. The losses under furrow irrigation can be significant; and in 
general, excess irrigation can have a detrimental effect on dry bean production. 
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Table 1. Average rainfall (R), Irrigation (I), Storage (S), Runoff (RO), Deep percolation (DP), and water use (ETa) under different irrigation 
gradients for sprinkler and furrow irrigation system.

Sprinkler Furrow

Treatment R I S RO DP ETa R I S RO DP ETa

(Inch) (Inch) (Inch) (Inch) (Inch) (Inch) (Inch) (Inch) (Inch) (Inch) (Inch) (Inch)

25% FIT 2.18 3.55 1.06 0.00 0.23 7.42 -- -- -- -- -- --

50% FIT 2.18 5.97 0.78 0.00 0.23 9.87 2.18 9.78 2.98 0.62 0.77 13.91

75% FIT 2.18 8.39 0.58 0.00 0.23 12.10 2.18 12.95 2.60 1.31 2.58 14.21

FIT 2.18 10.81 0.40 0.01 0.23 14.12 2.18 16.12 2.49 2.14 4.56 14.46

125% FIT 2.18 13.88 -0.02 0.03 0.44 16.69 2.18 19.21 2.25 3.93 7.20 13.09

*All values were averaged across replications and years for each treatment.
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Figure 1. Graphical representation of the seasonal rainfall (R), Irrigation (I), Storage (S), Runoff (RO), Deep percolation (DP), and water use 
(ETa) (average for two dry bean growing season) under different irrigation gradients for sprinkler and furrow irrigation system.




