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Economic Value of Irrigation Scheduling for Corn in Northern High Plains of Texas 

Introduction 

The northern part of the Texas Panhandle usually designated as Northern High Plains (NHP) is 
one of the most important agricultural region in the state of Texas. Even though it is a low 
rainfall region, the underlying Ogallala aquifer enables irrigated agriculture and leads to 
considerable agricultural production in the region. Corn, cotton, grain sorghum, and winter wheat 
are the most important cops in the region. Last five year’s production data indicates that NHP 
accounts for about 60% of the corn production and about 20% of the cotton production in Texas 
(USDA NASS, 2015). Since almost all of the corn grown in the NHP is irrigated, more than 40% 
of the total irrigation in the region is used for corn production (Colaizzi et al., 2009) and thus 
corn plays a pivotal role in irrigated agriculture in the region. 

However, the irrigation requirement to grow corn in the region is very high due to the 
low seasonal rainfall and high evaporative demand. The evapotranspiration for irrigated corn in 
the region can go as high as 0.49 inches per day and seasonal evapotranspiration is about 31.5 
inches (Howell et al., 1997, 1998). Even with this high irrigation demand, corn is favored by 
producers in the region because the high water requirement is more than compensated by the 
increased yield and the returns for corn is generally higher than returns for other crops.  

This high productivity and profitability of corn is dependent on the assured supply of the 
required quantity of irrigation water because corn is more susceptible to water stress compared to 
other crops. The diminishing water availability from the Ogallala Aquifer is a great concern for 
the region and it is forcing both the producers and administrators to seek methods to increase 
water use efficiency. The increase in water use efficiency can lead to higher profitability at 
current level of irrigation or lower water use without significant reduction in profits. There is 
ample evidence in literature that proper irrigation scheduling can enhance the water use 
efficiency in corn (Howell et al., 1998; Kang et al., 2000; Krida, 2002; Singh et al., 2010). 

Irrigation scheduling is the judicious allocation of irrigation water to match crop 
requirement at various growth stages considering the available soil moisture. When water supply 
is abundant and pumping costs are insignificant, irrigation scheduling generally aims at ensuring 
optimal water availability for each crop growth stage and maintaining soil moisture close to the 
field capacity (Jones, 2004). However, with limited water supply, irrigation scheduling aims at 



reducing irrigation amount without significant impact on productivity by ensuring adequate 
water supply at critical growth stages (Singh et al., 2010). This practice, known as deficit 
irrigation, enhances the irrigation water use efficiency. The profit maximizing irrigation level is 
the irrigation amount at which the increase is revenue from applying an additional unit of 
irrigation (marginal value product) is equal to cost of applying that unit of irrigation (marginal 
input cost). Proper irrigation scheduling can increase the productivity from unit irrigation and 
hence can enhance the profitability. 

However, irrigation scheduling has some costs associated with it. For example, 
instruments such as tensiometers of gypsum blocks should be installed in the field to measure 
soil moisture availability and ET should be calculated to understand the crop water demand to 
properly schedule irrigation. Sometimes the producer may lack the technical knowhow and may 
need a consultant for irrigation scheduling. Understanding the economic value of irrigation 
scheduling will enable the producers to assess the associated costs and returns and to make 
informed decisions. If the cost of irrigation scheduling can be kept below the increased returns 
from scheduling, then adoption of scientific irrigation scheduling practices will make economic 
sense. This study takes on the important task of quantifying the increase in revenue from 
scientific irrigation scheduling of corn in Northern High Plains of Texas.  

 

Methodology    

The economic value of irrigation scheduling is estimated by comparing the performance of corn 
fields in which scientific irrigation scheduling is practiced and fields in which usual farmers 
practice is followed. Data from the 200-12 demonstration project conducted by North Plains 
Groundwater Conservation District that had both demonstration plots (in which scientific 
irrigation scheduling is practiced) and side-by-side control plots (in which usual farmers practice 
is followed) was used for the analysis. The analysis used data from three years (2012-2014) to 
nullify the effect of external factors. The details of the demonstration project and the data are 
described in the description of data section. 

The corn yield increases with irrigation level up to about 32 inches of total water 
(irrigation + seasonal rainfall + soil profile contribution) in the region (Kenny et al., 2012; Marek 
et al., 2011). Hence, the fields that receive higher irrigation level will have the possibility to 
achieve higher yield. Hence direct comparison of profit or yield from the demonstration and 
control plots is not possible because of the difference irrigation amount between them. Since the 
demonstration project focused on reducing the quantity of irrigation, the irrigation level in the 
demonstration plots were generally lower than that in the control fields. One way to account for 
this is to estimate the yield or returns per acre-inch of irrigation. This type of analysis is perfectly 
suited for corn because the corn production function is more or less linear at the levels of 



irrigation practiced in the region (Kenny et al., 2012; Marek et al., 2011) and hence diminishing 
marginal productivity does not create an issue. 

We conducted two separate types of analyses. In the first analysis average yield (bushels 
per acre) per acre-inch of irrigation was calculated for demonstration and control plots to 
estimate average percentage change in yield per acre-inch of irrigation between the 
demonstration and control plots. This percentage change was multiplied with the average 
productivity per acre (considering both demonstration and control plots) to estimate the yield 
improvements from irrigation scheduling. This yield increase and the average price received by 
producers for the three years were used to calculate the increase in revenue after adjusting for the 
increase in harvesting and hauling cost for the increased yield. Cost reduction from irrigation 
scheduling was not considered for this analysis because most of the cost savings stems from 
reducing irrigation and this analysis compares yields from demonstration and control plots at a 
constant irrigation level. 

The second analysis is the comparison of returns above total direct expenses for 
demonstration and control plots. The corn budgets (Bt corn for grain, strip till) for district 1 
(Panhandle) were used as guidelines for profit calculation (Texas A&M AgriLife Extension, 
2012; 2013; 2014). The fertilizer cost, seed cost, irrigation energy cost, irrigation labor cost, and 
repair and maintenance cost of the center pivot were adjusted to reflect the actual yield, seed rate, 
fertilizer usage and irrigation amount. The revenue was calculated by using the actual yield and 
the price received by farmer for the particular year (USDA NASS, 2015). The fixed costs were 
not considered for this analysis because they are not dependent on the type of irrigation 
scheduling. The average returns above total direct expenses per acre-inch of irrigation for 
demonstration and control plots were used to estimate the increase in returns per acre-inch of 
irrigation in $/acre-inch irrigation. This amount was multiplied with the average irrigation 
amount (considering the irrigation levels of both demonstration and control plots) to estimate the 
increase in returns. This amount does not necessarily represent the economic value of irrigation 
scheduling because lower irrigation levels can lead to negative numbers for  returns above total 
direct expenses (loss) and this may lead to under estimation of the economic value of irrigation 
scheduling. The estimate from this analysis will help us better understand the economic 
consequences of reducing irrigation level with scientific irrigation scheduling.  

      

Description of Data 

The 200-12 demonstration project is a corn irrigation demonstration project conducted by North 
Plains Groundwater Conservation District to promote adoption of modern irrigation scheduling 
strategies for corn producers in the region. The demonstration project was started in 2010 with 
three producers. In 2011 also three producers were involved in the demonstration project. In 
2010 and 2011, the demonstration project did not have control plots and the performance of the 



demonstration project was compared with actual production history to assess the gains in water 
use efficiency. From 2012 onwards side-by-side control plots were introduced and the producers 
adopted their usual irrigation management practices in the control plots. The data from 200-12 
project for 3 years from 2012-2014 that had side-by-side control plots along with the 
demonstration plots was used to estimate the value of irrigation scheduling. The detailed 
descriptions of the setup, cooperators, and results for the 200-12 demonstration project are 
available from the project reports (NPGCD, 2010; 2011; 2012; 2013; 2014). 

All plots (both demonstration and control) for all participating producers were center 
pivot irrigated during all years of the demonstration. There were 12 cooperating producers in 
2012, 11 in 2013, and 10 in 2014. All these producers had both demonstration and side-by-side 
control plots. Data from all cooperating producers in 2013 and 2014 was used for the analysis. 
However, 2012 was a dry year and one producer (Mr. Hicks) had to abandon the demonstration 
project to save the larger control plot. Another producer (Mr. Bezner) also was forced to under-
irrigate the demonstration plot and harvest it for silage. Another producer (Mr. Ford) had 
considerable hale damage that led to unusually low yield. Hence, data from these three producers 
were not used in the analysis. The descriptive statistics of the three years of yield data used for 
the analysis is provided in Table 1. 

Table 1. Descriptive statistics of the data used for analysis 

Year 
Demonstration  Control  

Statistic Irrigation 
(acre-inch) 

Yield 
(bu./acre) 

Yield per 
acre-inch 

Statistic Irrigation 
(acre-inch) 

Yield 
(bu./acre) 

Yield per 
acre-inch 

2012 
 

Average 18.21 143.78 7.89 Average 21.85 157.67 7.22 
Minimum 13.52 104.00 4.74 Minimum 14.64 105.00 5.33 
Maximum 24.47 170.00 9.90 Maximum 28.08 209.00 10.05 
Std. Deviation 3.42 23.63 1.59 Std. Deviation 4.48 41.54 1.40 
Sample size 9 Sample size 9 

2013 

Average 18.36 200.18 10.90 Average 23.37 224.09 9.59 
Minimum 12.55 176.00 8.97 Minimum 17.39 176.00 7.98 
Maximum 24.01 231.00 15.94 Maximum 32.28 287.00 13.23 
Std. Deviation 2.98 17.22 2.13 Std. Deviation 4.01 35.01 1.78 
Sample size 11 Sample size 11 

2014 

Average 17.59 198.30 11.27 Average 20.12 215.20 10.70 
Minimum 12.25 168.00 7.73 Minimum 13.85 126.00 8.39 
Maximum 25.76 223.00 15.51 Maximum 31.72 275.00 14.37 
Std. Deviation 4.45 18.76 2.68 Std. Deviation 5.47 45.52 2.14 
Sample size 10 Sample size 10 

All Data 

Average 18.06 182.63 10.11 Average 21.83 201.20 9.22 
Minimum 12.25 104.00 4.74 Minimum 13.85 105.00 5.33 
Maximum 25.76 231.00 15.94 Maximum 32.28 287.00 14.37 
Std. Deviation 3.54 32.18 2.66 Std. Deviation 4.72 48.95 2.32 
Sample size 30 Sample size 30 

 

Both the yield and amount of irrigation water applied was higher for the demonstration 
plots compared to the control plots in all three years (Table 1). However, the yield per acre-inch 
of irrigation was higher for the demonstration plots in all three years indicating higher irrigation 
efficiency in demonstration plots than the control plots. The maximum yield was considerably 



higher in control plots while the minimum yield did not show much of a difference. It is also 
important to notice that the standard deviation of the yield was smaller for the demonstration 
plots compared to the control plots in all three years. When we look at the overall data, the 
demonstration plots on an average used 18.06 acre-inches of irrigation to produce 182.63 bushels 
of corn per acre while the control plots produced 201.20 bushels of corn per acre with 21.83 
acre-inch irrigation. This translates to the production of 10.46 bushels per acre-inch of irrigation 
for the demonstration plots and 9.40 bushels per acre-inch of irrigation for the control plots. 

Results 
It can be observed from the frequency analysis provided in Table 1 that the corn yield per acre-
inch of irrigation was higher in demonstration plots in all three years. The percentage increase in 
corn yield per acre-inch of irrigation in plots with scientific irrigation scheduling compared to the 
control is presented in Figure 1.  

 
Figure 1. Average percentage increase in corn yield per acre-inch of irrigation for demonstration 
plots compared to the control plots. 

In 2012, the average productivity in demonstration plots was 7.89 bushels per acre-inch 
irrigation, while that for control plots was 7.22 bushels per acre-inch. This show that scientific 
irrigation scheduling resulted in 9.4% increase in corn yield per acre-inch of irrigation. The yield 
increase from irrigation scheduling was more pronounced in 2013, where corn production per 
acre-inch of irrigation was 10.90 bu. /acre-inch for demonstration plots and 9.59 bu. /acre-inch 
for control plots leading to 13.70% increase in demonstration plots compared to the control plots. 
Yield per care-inch irrigation was 11.27 and 10.70 bu. /acre-inch for demonstration and control 
plots, respectively in 2014 with demonstration plots showing 5.39% yield increase compared to 
control plots. Overall, irrigation scheduling resulted in 9.72% increase in yield. 
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The average corn yield was 182.63 and 201.20 bu. / acre for demonstration and control 
plots, respectively. If we consider the average of these productivity values (191.92 bu. / acre), 
then the yield increase will be 9.72% of 191.92 i.e. 18.65 bushels of corn per acre. The actual 
dollar value of the gain will depend on the corn price, harvesting and hauling cost that depends 
on the yield, and irrigation level, which determines the yield. A sensitivity analysis that shows 
value of irrigation scheduling at various yields and prices after adjusting for the increase in 
harvesting and hauling cost ($0.41 /bu.) is presented in Table 2.          

Table 2. Sensitivity analysis that shows the value of irrigation scheduling at various yield levels 
and corn prices after adjusting for the additional harvesting cost. 
Yield level 
(bu./acre) 

Yield gain 
(bu./acre) 

Corn price 
($/bu.) 

Increase in revenue 
($/acre) 

Additional harvesting 
cost ($/acre) 

Value of irrigation scheduling 
($/acre) 

170 16.52 

$4.00/bu. $66.10  $6.77 $59.32 
$4.50/bu. $74.36  $6.77 $67.58 
$5.00/bu. $82.62  $6.77 $75.85 
$5.50/bu. $90.88  $6.77 $84.11 
$6.00/bu. $99.14  $6.77 $92.37 
$6.50/bu. $107.41  $6.77 $100.63 
$7.00/bu. $115.67  $6.77 $108.89 

180 17.50 

$4.00/bu. $69.98  $7.17 $62.81 
$4.50/bu. $78.73  $7.17 $71.56 
$5.00/bu. $87.48  $7.17 $80.31 
$5.50/bu. $96.23  $7.17 $89.05 
$6.00/bu. $104.98  $7.17 $97.80 
$6.50/bu. $113.72  $7.17 $106.55 
$7.00/bu. $122.47  $7.17 $115.30 

190 18.47 

$4.00/bu. $73.87  $7.57 $66.30 
$4.50/bu. $83.11  $7.57 $75.53 
$5.00/bu. $92.34  $7.57 $84.77 
$5.50/bu. $101.57  $7.57 $94.00 
$6.00/bu. $110.81  $7.57 $103.24 
$6.50/bu. $120.04  $7.57 $112.47 
$7.00/bu. $129.28  $7.57 $121.70 

200 19.44 

$4.00/bu. $77.76  $7.97 $69.79 
$4.50/bu. $87.48  $7.97 $79.51 
$5.00/bu. $97.20  $7.97 $89.23 
$5.50/bu. $106.92  $7.97 $98.95 
$6.00/bu. $116.64  $7.97 $108.67 
$6.50/bu. $126.36  $7.97 $118.39 
$7.00/bu. $136.08  $7.97 $128.11 

210 20.41 

$4.00/bu. $81.65  $8.37 $73.28 
$4.50/bu. $91.85  $8.37 $83.49 
$5.00/bu. $102.06  $8.37 $93.69 
$5.50/bu. $112.27  $8.37 $103.90 
$6.00/bu. $122.47  $8.37 $114.10 
$6.50/bu. $132.68  $8.37 $124.31 
$7.00/bu. $142.88  $8.37 $134.52 

220 21.38 

$4.00/bu. $85.54  $8.77 $76.77 
$4.50/bu. $96.23  $8.77 $87.46 
$5.00/bu. $106.92  $8.77 $98.15 
$5.50/bu. $117.61  $8.77 $108.84 
$6.00/bu. $128.30  $8.77 $119.54 
$6.50/bu. $139.00  $8.77 $130.23 
$7.00/bu. $149.69  $8.77 $140.92 

230 22.36 $4.00/bu. $89.42  $9.17 $80.26 



$4.50/bu. $100.60  $9.17 $91.44 
$5.00/bu. $111.78  $9.17 $102.61 
$5.50/bu. $122.96  $9.17 $113.79 
$6.00/bu. $134.14  $9.17 $124.97 
$6.50/bu. $145.31  $9.17 $136.15 
$7.00/bu. $156.49  $9.17 $147.33 

 
From the sensitivity analysis presented in Table 2, we can observe that the value of irrigation 
scheduling ranges from $59.32 at 170 bu. / acre yield and $4.00/ bu. corn price to $147.33 at a 
production level of 230 bu. / acre and corn price of $7.00. The value of irrigation scheduling is 
$96.26 per acre at the average productivity level both demonstration and control data (191.92 bu. 
/ acre) and the average price received by producers for those three years ($5.57/bu.). Hence, it 
will be profitable to adopt scientific irrigation scheduling if the cost of irrigation scheduling can 
be kept below $96.26/acre.  
 
Another way to look at this is to analyze the returns above direct expenses for demonstration and 
control plots. The results of this economic analysis are presented in Table 2. 

Table 2. Comparison of the returns above direct expenses (RADE) for demonstration and control 
plots. 

Year 
Demonstration  Control  

Statistic Irrigation 
(acre-inch) 

RADE 
($/acre) 

Returns per 
acre-inch 

Statistic Irrigation 
(acre-inch) 

RADE 
($/acre) 

Returns per 
acre-inch 

2012 
 

Average 18.21 $462.48 $25.39 Average 21.85 $510.05 $23.34 
Minimum 13.52 $188.70 $7.71 Minimum 14.64 $206.77 $9.60 
Maximum 24.47 $679.78 $37.35 Maximum 28.08 $822.01 $39.92 
Std. Deviation 3.42 $173.35 $9.60 Std. Deviation 4.48 $240.53 $8.94 

2013 

Average 18.36 $463.45 $25.24 Average 23.37 $522.06 $22.34 
Minimum 12.55 $293.07 $13.91 Minimum 17.39 $300.16 $14.03 
Maximum 24.01 $598.48 $46.83 Maximum 32.28 $794.83 $34.77 
Std. Deviation 2.98 $108.65 $9.28 Std. Deviation 4.01 $140.83 $6.46 

2014 

Average 17.59 $304.67 $17.32 Average 20.12 $344.29 $17.11 
Minimum 12.25 $126.46 $5.94 Minimum 13.85 $18.52 $1.27 
Maximum 25.76 $490.58 $34.02 Maximum 31.72 $566.85 $29.64 
Std. Deviation 4.45 $101.70 $8.11 Std. Deviation 5.47 $165.23 $8.40 

All Data 

Average 18.06 $410.23 $22.71 Average 21.83 $459.20 $21.03 
Minimum 12.25 $126.46 $5.94 Minimum 13.85 $18.52 $1.27 
Maximum 25.76 $679.78 $46.83 Maximum 32.28 $822.01 $39.92 
Std. Deviation 3.54 $146.06 $9.42 Std. Deviation 4.72 $195.26 $8.09 

 
Even though the returns above direct expenses for the demonstration plots is lower than that of 
control plots, the returns per acre-inch of irrigation was higher for demonstration plots in all 
three years. The average return above direct expenses was more than $450/acre for 
demonstration plots and above $500 / acre for control plots in 2012 and 2013. This shows that 
the low yield in 2012 was compensated by the high price received in 2012 ($7.12/bu.). However, 
the low price in 2014 resulted in considerably low returns compared to 2012 and 2013.  Since the 
total returns are bound to be higher in control plots compared to the demonstration plots because 
of the higher irrigation level, we need to compare the returns per acre inch of water to assess the 



impact of irrigation scheduling. The comparison of returns per acre-inch for the demonstration 
and control are provided in Table 3. 

Table 3. Returns above direct expenses per acre-inch irrigation for demonstration and control 
plots and the increase in returns in demonstration plots above control plots. 
Year Returns per acre-inch 

(demo) 
Returns per acre-inch 
(control) 

Increase in returns for 
demo over control  

Percentage increase in returns 
for demo over control 

2012 $25.39 $23.34 $2.05  8.78% 
2013 $25.24 $22.34 $2.90  12.98% 
2014 $17.32 $17.11 $0.21  1.23% 
All data $22.71 $21.03 $1.68  7.99% 

The returns per acre-inch for the demonstration plots showed 8.78% and 12.98 % 
increase compared to the control plots in 2012 and 2013, respectively. However, the increase 
was only 1.23% in 2014. This is mainly because of the low level of irrigation in some 
demonstration plots that resulted in much lower profit. For example, two producers applied 21.88 
and 24.48 acre-inches irrigation in the demonstration plots while the irrigation levels at 
corresponding control plots were only 12.25 and 14.83 acre-inches. If we consider all data, then 
the percentage increase in returns is 7.99%. The percentage increase in returns becomes 10.88% 
if we disregard the unusually low value observed in 2014. 

The average net returns considering both demonstration and control plots for all years is 
$434.75 per acre. Hence, a 7.99% increase in net returns will translate to a gain of $34.73 per 
acre and an increase of 10.88% will result in a gain of $47.30 per acre. We can observe that these 
values are much lower than the estimated value of irrigation scheduling using the yield 
enhancement showing that reducing irrigation level affects the profitability of corn production in 
the region. 

Conclusions 
This study shows that proper irrigation scheduling has an economic value. At the price 

and yield levels considered for this study, proper irrigation scheduling brings in $96.26 per acre. 
This value depends on the yield and price levels of corn. However, the results also show that 
reducing irrigation for corn will result in loss of total revenue. In other words, proper scheduling 
of an available amount of irrigation water will increase the net returns while lowering the 
irrigation amounts can lead to reduction in net revenue even when it is properly scheduled. 
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