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ABSTRACT 

Cotton production in west Texas has been the driver of economic growth in the region 

for the better part of a century. However, increasing costs of production and decreasing 

water availability have many producers looking for ways to cut costs and conserve 

water. One possible answer might lie in intercropping cotton with grain sorghum. Grain 

sorghum and cotton may be well-paired for intercropping, as both crops are drought-

tolerant and have sufficient physiological differences to maximize yields in a shared 

water situation by properly timing irrigations to water critical periods of each crop. The 

primary physiological differences of note that make these good rotation partners in 

west Texas are; that grain sorghum can be planted at a lower soil temperature than 

cotton, they are different types of plants that can use selective herbicides to diversify 

crop protection chemistries, and both crops have short and long season varieties 

available to spread out the water critical periods. The primary goal of this study was to 

identify an optimal cropping system and irrigation regime that could maximize 

agronomic and economic benefits of shared supplemental irrigation. There were four 

supplemental irrigation regimes, two planting dates, two tillage treatments, and two 

varieties each of cotton and grain sorghum tested in 2016, and there was an additional 

irrigation treatment and an additional planting date tested in 2017. Final yield results 

and pricing data procured from local sources were used to determine gross revenue 

each year. From the gross revenue, key differences in production costs were deducted 

to determine revenue above seed, crop protection and irrigation costs for each crop. 

The observations showed that agronomic yield of both crops is maximized for an early 
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planting (May 3rd) of grain sorghum, irrigated to replace 80% of weekly ET until July 15th, 

and a middle-to-late May planting of cotton, irrigated at 80% ET weekly after July 15th. 

Both of these crops have water critical periods at flowering which will occur between 50 

and 60 days after planting. By spreading out the planting dates a producer can manage 

his water to be able to irrigate both of these crops around these periods. However, the 

cropping system for which economic value is maximized is cotton monoculture irrigated 

at 80% ET weekly throughout the entire growing season and dryland cotton on 

remaining acres. The benefits of intercropping cotton and grain sorghum will not be 

demonstrated in revenue, but in less-tangible benefits like diversified weed control 

options and chemistries, benefits to soil by increasing porosity, limiting soil exhaustion 

from cotton monoculture and increasing residue, which promotes reduced-till 

opportunities to limit erosion and reduce input costs. Over time, these ancillary benefits 

could turn into economic benefit.  
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CHAPTER I 

INTRODUCTION 

 With ever-depleting groundwater in West Texas, there has been mounting 

pressure on producers to do more with less. This lack of water, in addition to rising input 

costs, proliferation of herbicide-resistant weeds, and stagnant commodity prices have 

left producers looking for strategies to maximize value.  

Agriculture is the leading cause of depletion of the Ogallala aquifer, the most 

heavily relied on aquifer in the United States, accounting for 30% of total ground water 

used for irrigation in the country (Maupin and Barber, 2005). High Plains Water District 

(HPWD) monitors flow rates and water levels in west Texas wells. They publish an 

annual report on the wells they monitor in several counties. Since 2014, HPWD has 

observed roughly a 0.11 m increase in the average water level in test wells for Lubbock 

County (HPWD, 2014-2018). The rest of the water district, however, has seen an 

average drop of roughly 0.75 m in the same time frame (HPWD, 2014-2018). Findings 

indicate that due to the caliche layer underneath much of west Texas and sparse 

rainfall, the Ogallala aquifer only recharges at a rate of 0.5 inches per year on average 

(Gutentag et al., 1984). This recharge rate is far below a sustainable level and the 

Ogallala aquifer is rightfully treated as a finite resource. One plausible way to increase 

value would be intercropping cotton (Gossypium hirsutum L.) with grain sorghum 

(Sorghum bicolor L. Moench) on the Texas High Plains. The water critical periods of 

these crops could be managed to be separated and a deficit irrigation system may lead 

to decreased crop inputs while maximizing value. 
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Cotton and Grain Sorghum in West Texas 

The dry climate and limited irrigation capacities in west Texas do not make this 

an ideal environment for cotton given, its native history in the tropics and subtropics of 

the world (Peabody et al., 2016). Despite this, and due to great plant breeding efforts, 

cotton has performed well in this region and is suited to local warm days and cool 

nights. It even performs well without supplemental irrigation. Dryland cotton producers 

are successful because it can be grown as a relatively-low-input crop, compensating for 

less-reliable yield potential in the absence of supplemental irrigation (Howell et al., 

2004). Upland cotton is a staple in the region and production is guided by tradition, a 

wide foundation of knowledge, and robust infrastructure. Grain sorghum has also been 

a popular commodity in west Texas, though it is mostly considered a niche crop by 

producers. It typically fills the void after a cotton crop gets hailed out or fails to come up 

because it is too dry. Grain sorghum is well suited for the Texas High Plains because of 

its history of dependable yields in the absence of supplemental irrigation (Unger and 

Baumhardt, 1999).  

The idea behind intercropping is maximizing agronomic potential on more acres. 

These crops both have high water use efficiencies (Rosenow et al., 1983). However, in 

this region, supplemental irrigation is the biggest limiting factor to yield potential. By 

staggering plantings, considering the inherent physiological difference in these crops, 

and practicing efficient water-management strategies, yield potential can be maximized. 
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Benefits of Rotation 

 Crop rotation is a proven management practice that has been adopted in many 

regions of the country. It has long been thought that conservation tillage and crop 

rotation could help yields of both crops in this region (Bordovsky et al., 1999). However, 

crop rotation is not widely practiced in west Texas, as it is largely cotton monoculture 

(Allen et al., 2008). This is partly because the limited water supply does not encourage 

good rotation options. However, it is mostly because few rotation options that have 

lower irrigation requirements than cotton are as profitable (Terrell et al., 2017).  

 One of the prime benefits of crop rotation is that it allows weed-control 

strategies and chemistries to be diversified (Reddy et al., 2006). The lack of crop 

rotation in west Texas contributed to the advent of more herbicide-resistant weeds. The 

explosion of glyphosate-resistant Palmer amaranth was particularly troublesome to not 

only producers in the West Texas region, but also in many parts of the United States 

(Norsworthy et al., 2014). Recently, a new chemistry has been approved to use on new 

cotton varieties. Auxin herbicide could help greatly to control glyphosate-resistant 

Palmer amaranth (Manuchehri, 2017).  

 Staggering planting dates is also worth revisiting in west Texas. Recent research 

has indicated that earlier-planted cotton and grain sorghum can both benefit from a 

longer season and increased time to capture rain (Mahan et al., 2017). 

 Another benefit of rotation is having more tillage options. Continuous cotton 

crops are not ideal for limited- or no-tillage operations. Grain sorghum stalk residue is 
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generally much better to strip-till or no-till into because more biomass is available to 

help prevent soil erosion (Bordovsky et al., 2011). Segarra et al. found that limited-

tillage options are ideal in dryland situations (1991). These reduced-tillage options have 

become much more popular even in the past 5 years. There are many reasons why a 

reduced-tillage cropping system makes sense in west Texas. Reduced tillage minimizes 

cultivation fuel costs, limits erosion and promotes water filtration into the soil (Keeling 

et al., 1989). 

Economics of Rotation 

 Likely the primary reason driving cotton monoculture in west Texas is 

profitability and a very established infrastructure. However, cotton prices have been 

relatively stagnant at best since 2011 (PCCA, unpublished data, 2019). Producers may 

now be more open to reconsidering crop rotation systems and reduced- and no-till 

operations to cut costs.  

 Crop rotations can also help to diversify a producer’s portfolio, helping them to 

take advantage of changing markets. For example, cotton prices took a slight downturn 

in 2012 (PCCA, unpublished data, 2019). Grain sorghum prices were sky high that year 

(Texas A&M Agrilife, 2018). Because of this, in Lubbock County alone, producers opted 

to plant 60,000 more acres to grain sorghum in 2013 than in 2012 (FSA, 2013). This, 

however, coincided with the advent of a new pest to grain sorghum in west Texas: the 

Sugar Cane aphid (SCA), Melanaphis sacchari Z. (Hemiptera: Aphididae). 
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While it is true that grain sorghum has a considerable advantage over cotton in terms of 

cost of production, it also has a much thinner profit margin. Critically, as evidenced in 

the past few years, an additional pesticide application to control SCA can easily send a 

grain sorghum producer into the red. These pesticide applications have become a 

necessity for grain sorghum producers because of the devastating impacts this pest can 

have on their crop (Bowling et al., 2016). There are only two chemicals that are used to 

combat SCA, both of which are premium chemistries without generic versions: Sivanto 

200SL (Flupyradifurone) by Bayer CropScience and Transform WG (Sulfoxaflor) by Dow 

AgroSciences. SCA also has a very low economic threshold because of the rapid rate of 

reproduction and potential yield damage. These added costs have made grain sorghum 

a tough sell to west Texas producers. Cotton, even with stagnant prices, is a higher-

value crop than grain sorghum. It also has more attractive options to most producers to 

mitigate commodity pricing risks than does grain sorghum.  

One of these advantages is pool pricing through Plains Cotton Cooperative 

Association (PCCA). This organization markets cotton for producers and is far less risky 

than playing the open market. They offer contracts based on acreage instead of actual 

production to allow farmers to manage for an expected return (PCCA, personal 

communication, 2019). Grain sorghum is primarily sold in west Texas at a cash price 

within 60 days after harvest (Hochstein, personal communication, 2019).  

In conclusion, cotton and grain sorghum are both well-known crops in west 

Texas. With a challenging and ever-changing production environment, it is time to take a 
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fresh look at how these crops can work together in a cropping system to benefit area 

producers both agronomically and economically. 

 Objectives 

The objectives of this study were to test varying irrigation regimes and their interactions 

with planting date on yield and economic return. This was done by testing fully-irrigated 

cotton and grain sorghum, full-season deficit irrigation, dryland cotton and grain 

sorghum, and timed-irrigation in cotton and grain sorghum. 

Hypothesis 

Conditions on the High Plains suit cotton and grain sorghum production. If an 

optimal irrigation regime can be determined empirically to maximize yield and economic 

return, then savvy producers can be guided to more fully maximizing economic and 

agronomic potential under these conditions and conserve critically-limited resources.   
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CHAPTER II 

MATERIALS AND METHODS 

Trial Design 

Field research was conducted from 2016 to 2017 at the Texas Tech New Deal 

research farm on subsurface drip on 1.02 m centers. The soil at the New Deal farm is a 

Pullman clay loam (Fine, mixed, superactive, thermic Torrertic Paleustolls) with a pH of 

7.6 and organic matter content of 0.6% (Pabuayon, 2018).   

In 2016, the trial was established in a multi-level true-intercropped split-plot 

design. Two varieties of each cotton and grain sorghum were used, and each was 

replicated four times in every treatment. Treatments included three distinct planting 

dates staggered by two weeks, and four supplemental-irrigation regimes for each 

variety. Half of these plots were conventionally-tilled and half were strip-tilled in a 

randomized order. The earliest-planted treatment in 2016 was abandoned due to poor 

establishment, so only the remaining treatments were analyzed that year. True 

intercropping had the advantage of diminishing field variability within each irrigation 

treatment. Although this was ideal, it was far too difficult to manage, especially later in 

the year when sugarcane aphid (SCA) and weed pressure became immense with few 

control options. This necessitated separating the cotton and grain sorghum plots into 

their own replicated irrigation regimes and split each eight-row irrigation zone into a 

conventionally-tilled half and a strip-tilled half in 2017.  

Both cotton and grain sorghum were planted using a John Deere MaxEmerge 

cone planter with 1.02m row spacing at a plot length of 10.7m. All plots were planted as 
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a four-row plot and data was collected from the middle two rows. SCA pressure had a 

tremendous negative impact on all grain sorghum yields each year. 

Varieties  

In 2016, FM 2484 and FM 2334 cotton cultivars were used. In 2017, FM 2011 and 

FM 2322 were used. All cultivars were well-suited for the Lubbock area, with a 

moderate growth habit, good fiber-quality packages, and storm tolerance. FM 2484 was 

a slightly longer-season variety with a little more yield potential under full-irrigation 

conditions (FiberMax Cotton, 2018d). FM 2334 had a lower maximum yield under full 

irrigation but could be expected to yield better in deficit-irrigation systems (FiberMax 

Cotton, 2018c). FM 2011 was an early-season cotton that performs best under full 

irrigation. It does not quite possess the yield potential of the other varieties in this 

study. However, it had much better Fusarium-wilt resistance and an outstanding storm 

rating, making it ideal for the latest-planted treatments (FiberMax Cotton, 2018a). FM 

2322 was a very robust medium-maturing variety with a good disease-resistance 

package. It performs extremely well with full irrigation but had just an average storm 

rating (FiberMax Cotton, 2018b). 

The grain sorghum hybrids were consistent each year. K73-J6 and KS585 are both 

Chromatin hybrids. Both were bronze grain sorghum hybrids with similar attributes. 

K73-J6, was a longer-season variety, and while slightly behind KS585 in maximum yield 

potential for its maturity, K73-J6 had slightly more drought tolerance while also being 

characterized as well adapted for irrigation (Sorghum Partners, 2013a). KS585 was a 

medium-maturing variety (Sorghum Partners, 2013b).  
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With a mixture of long- and medium-season varieties of both crops, three 

planting dates based on common practices were selected. Planting dates range from 

middle-May to early June for cotton in west Texas. For producers that are growing grain 

sorghum as a primary crop the same timeline applies. May 3rd is an early planting date 

for both cotton and grain sorghum. This date was used as the early-planting date. May 

17th is an average-season planting date used as the middle-planting date. June 2nd is 

when most producers are finishing up and served as the late-planting date. 

Irrigation Treatments 

Supplemental irrigation rate was the primary variable tested. There were four 

different irrigation regimes tested for each crop in 2016 and five each in 2017. Irrigation 

treatments included full irrigation (80% ET), deficit irrigation (50% ET all season), zero in-

season supplemental irrigation (dryland), early-deficit (80% ET after July 15th), and late-

deficit (80% ET before July 15th). The dryland treatment was added in 2017. ET was 

calculated weekly, utilizing weather data from the week prior, using the Penman-

Monteith equation and crop coefficients for cotton and grain sorghum. 

Yield of machine-harvested seed cotton and grain were obtained for each 

irrigation regime, planting-date treatment, and variety. Yields were compared to 

determine optimal irrigation regime and planting date. 

Cultural Practices 

In conventional-tillage plots, the field was disked, listed, and cultivated at least 

once in the growing season each year. For reduced-tillage plots, a pass was made with 
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an Orthman strip-till rig before planting, without fertilizer, with no tillage in-season. 

There was 67 kg ha-1 of nitrogen applied during the season. 

Harvest Methods 

Cotton plots were harvested with a John Deere 7455 with a two-row header with 

a field cleaner. Each plot had a pre-ginning weight recorded from the machine and a 

grab-sample collected. The grab-samples were utilized in the ginning process to 

establish fiber quality, seed weight, and lint weight to extrapolate a true agronomic 

yield. Grain sorghum plot-harvesting was a bit trickier. In 2016, the lack of a plot-

combine necessitated harvesting 1 m2 of each grain sorghum plot and hand-threshing 

that area. Sharma et al. reaffirmed sub-plot harvesting as a legitimate practice to 

estimate yield (2015). The hand-threshing provided the true yield from this 1 m2, but did 

not clean as well as the combine. Yields from 2016 might be slightly skewed by trash. In 

2017, Chromatin harvested the plots for us, using a Massey 8XP two-row combine with 

a HarvestMaster grain gauge that gave us sample weight, test weight, and percent 

moisture. These machine-measured weights may be closer to actual production values.  

Statistical Analysis 

 Statistical analysis was conducted using the GLIMMIX Procedure in SAS. This 

procedure is based off of Fisher’s protected LSD test and the alpha was set at 0.05. The 

experimental design had a factorial split-plot with irrigation, planting date, tillage, 

species, and cultivar treatment plots. Effects and interactions were tested from the 

largest to smallest. In cases where interactions were insignificant (e.g. tillage x cultivar), 
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the smaller treatments were pooled within the larger treatments. Interactions were 

tested between year, crop, irrigation level, planting date, and variety. 

Economic Methodology 

Commodity pricing was obtained from two sources. Grain sorghum prices were 

pulled from the AgriLife Extension Basis data page. Weekly cash prices were filtered 

from 2012 to the most recent 2018 pricing. Only weekly prices from the months of 

October to December were analyzed. These months were used because most producers 

in the west Texas region do not have long-term storage capabilities for their crop and 

often take spot buys for their grain. Although a growing number of producers are now 

leveraging grain bags to combat the generally-low prices from October to December, 

this faction is far from a majority.   

Cotton pricing was calculated the same way using data courtesy of PCCA for 

years 2011 to 2017 (PCCA, unpublished data, 2019). This data comes from their pool-

marketing program, which is their most popular marketing program among producers 

(PCCA, personal communication, 2019). This dataset included average loan value, 

average premium paid, and average total price. Only average total price was analyzed to 

calculate the low-price, average-price, and high-price modeling.  

From price datasets, an Olympic average (an average that removes the high and 

low observations and averages the remaining) and a standard deviation were calculated. 

Two standard deviations were calculated on either side of the mean to account for 95% 

of expected prices a producer would see in a low-price year, average-price year, and 
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high-price year. This model will capture differences in fiber quality from year to year. 

The mean yields from the statistical output were used to calculate revenues from these 

prices. 

Due to extreme differences in revenue the need to examine profitability in more 

detail arose. There are some distinctions in production costs between cotton and grain 

sorghum being: seed costs, irrigation costs, and crop-protection costs. These costs will 

be assessed by pricing seed and crop protection chemicals and deducting them from 

revenue. Irrigation costs will be calculated at $19.76 ha-1 per 25.4mm of water applied 

specific to each irrigation treatment. For each variable the specific cost will be used in 

conjunction with an average cost for the products and deducted from revenue. Costs 

that are the same between the crops in this study will not be considered, including 

fertilizer, land rent, and equipment leases. Tillage costs are also not being considered 

since the reduced-tillage aspect of the study was abandoned. This calculation will result 

in revenues above seed, crop protection and irrigation costs. 
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CHAPTER III 

RESULTS AND DISCUSSION 

Weather 

Weather for the New Deal field site differed from 2016 to 2017.  As shown in 

Table 1, approximately 52 mm more rain fell in May 2016 than in May of 2017. 

Interestingly, Table 2 shows that the cotton in the mid-planted treatments received 20 

GDDs more in 2016 than in 2017. This was also observed in Table 3 for the grain 

sorghum GDDs. This suggests after the rainfall in 2016 temperatures quickly warmed, 

which created ideal planting conditions. 2017 also was a significantly cooler year than 

was 2016.  A comparison between Figure 1 and Figure 2 also showed that GDDs were 

accrued at a significantly slower rate in September 2017 than in September 2016. These 

late-season GDDs are essential to maximizing yield for a cotton crop (Wanjura et al., 

2002). The same observation was made for grain sorghum GDD accumulation between 

Figure 3 and Figure 4. 

GDDs are accumulated differently for cotton and grain sorghum. Cotton GDDs 

are calculated using a base of 15.5°C (Ritchie et al., 2007), while grain sorghum GDDs are 

calculated using a base of 10°C (Neild and Seeley, 1977). 

The amount of irrigation water applied during the season is shown in Table 4. 

This also included pre-watering in 2017 for the dryland treatment. 
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Table 1. Rain accumulation by month in mm for each planting date in 2016 and 2017 

 2016 2017 
Month Mid Plant Late Plant Early Plant Mid Plant Late Plant 
     mm 
May 52.83 0.00 19.81 3.81 0.00 
June 33.02 33.02 21.08 21.08 21.08 
July 14.73 14.73 23.37 23.37 23.37 
August 48.77 48.77 65.53 65.53 65.53 
September 15.49 15.49 75.69 75.69 75.69 
October 8.89 8.89 3.30 3.30 3.30 
Total 173.74 120.90 208.79 192.79 188.98 
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Table 2. Cotton GDDC (Growing Degree Days Celsius) accrual for 2016 and 2017 by 
month 

 2016  2017 
Month Mid Plant Late Plant  Early Plant Mid Plant Late Plant 
      GDDC 
May 68 0  125 48 0 
June 347 258  418 341 264 
July 733 644  743 666 589 
August 1,015 925  990 914 837 
September 1,207 1,117  1,168 1,092 1,015 
October 1,300 1,211 

 
1,182 1,106 1,029 

Total 1,300 1,211  1,182 1,106 1,029 
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Table 3. Grain sorghum GDDC (Growing Degree Days Celsius) accrual for 2016 and 2017 
by month 

 2016  2017 
Month Mid Plant Late Plant  Early Plant Mid Plant Late Plant 
      GDDC 
May 93 0  205 73 0 
June 455 327  582 449 334 
July 927 799  993 861 745 
August 1295 1167  1326 1194 1078 
September 1571 1442  1585 1453 1337 
October 1750 1622  1682 1550 1434 
Total 1750 1622  1682 1550 1434 
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Table 4. Irrigation applied by treatment for 2016 and 2017 in mm ha-1 

Treatment 2016 2017 

  mm ha-1 

Early-Deficit 187 170 

Late-Deficit 162 131 

50% ET full-season 185 186 

80% ET full-season 309 293 

Dryland  69 
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Figure 1. Comparison of cotton GDDC by month for 2016 planting 
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Figure 2. Comparison of cotton GDDC by month for 2017 plantings 

  

0

200

400

600

800

1000

1200

1400

May June July August September October

2017 Cotton GDDC by Planting

Early Planting Mid Planting Late Planting



Texas Tech University, Nicholas Macha, May 2019 
 

20 
 

 

Figure 3. Comparison of grain sorghum GDDC by month for 2016 plantings 
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Figure 4. Comparison of grain sorghum GDDC for 2017 plantings 
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Cotton Results 

Growing years effects interacted with irrigation and cultivar effects in cotton. 

There were no significant year-by-planting interactions. Statistics for the year 2016 and 

2017 were treated as independent data sets and were analyzed separately. 

 Irrigation was by far the most-limiting factor in yield production and was proven 

significant both years (p < 0.0001) (Table 5). Tillage effects were negligible both years. 

Varietal differences were found to be significant in 2017 (p < 0.0001) (Table 5). This 

difference was especially significant in 2017. Variety FM 2322 yielded significantly better 

than FM 2011 (Table 6). In fact, FM 2322 yielded almost 200 kg ha-1 more than FM 2011 

across all irrigation intervals. This was likely due to FM 2322 being a longer season 

variety than FM 2011 with more yield potential. FM 2484 and FM 2334 were not 

significantly differently-yielding from each other. Choice of planting date was not 

significant in either year. Cotton yields by irrigation treatment are shown in Table 7 and 

Table 8. Explanation of results from tables are discussed below by irrigation treatment. 

2016 had the most definitive results of the two cotton seasons with very little 

separation between cultivars. The highest-irrigation treatment was the highest-yielding 

for each variety in 2016 (Table 7). Even though the purpose of this study was to 

determine an irrigation timing that would complement the needs of grain sorghum 

water demand, the elevated yields observed in the full-season irrigation treatment are 

still relevant from an economic perspective.  
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In 2017 the results from the full irrigation treatment were more mixed Table 8. 

This was because of the disparity in the 2 varieties. FM2322 was able to clearly separate 

itself statistically as the highest yielding for 2017. Fully irrigated FM2011 was not 

statistically different than other deficit irrigation treatments. 

The early-deficit and late-deficit irrigation treatments were inconsistent. In 2016, 

the early-deficit treatment yielded well and was statistically higher-yielding than the 

late-deficit treatment that year (Table 7). In 2017, the late-deficit yielded better than 

the early-deficit treatment in terms of raw data. However, these yields were not 

statistically different from each other in 2017 Table 8. This can be attributed to the late 

rains in the year having an uneven impact on yields in 2017. 

All else being equal, early-deficit irrigation treatments should perform better because 

cotton water demand increases at flowering stage, roughly 50-60 days after planting, 

and remains high through boll development (Ritchie et al., 2007).  These mixed results 

were likely caused by the higher rainfall totals after the irrigation switch on July 15th in 

2017. Just over 25 mm more rain fell in July and August of 2017 than in 2016 as seen in 

Table 1.  In 2017 the late-deficit treatment, despite not receiving supplemental irrigation 

after July 15th, had more-than-adequate water for flowering and the benefit of early-

season supplemental irrigation made this treatment more similar to a fully irrigated 

treatment than a deficit treatment for FM2322 Table 8. 

As expected, in 2016, consistently supplementing 50% ET was the lowest-yielding 

treatment for this year (Table 7). This can be attributed to episodic drought. From July 
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15th to August 9th in 2016, no precipitation fell. Table 1 shows 48 mm rain for August 

2016 but doesn’t reflect that almost 35 mm fell in the last two days of that month. It is 

likely that the crop entered the flowering stage during this time, and considering a 

lowered rainfall estimate and little irrigation, the substantial yield reduction was 

possible (Snowden et al., 2014). In 2017, the 50% ET deficit irrigation treatment did not 

yield significantly different from the other deficit irrigation treatments that year Table 8. 

The lack of differences here are attributable to rainfall. 

 There was not a treatment that was without any supplemental irrigation during 

the growing season in 2016. This necessitated implementing a treatment without 

supplemental irrigation in 2017 to give us an economic baseline. It lagged noticeably 

behind all other treatments in yield for 2017 but each variety in this treatment shared 

statistical similarities to other deficit treatments of FM2011 Table 8. 

These results show peak water demand around 60 days after planting. Producers 

should attempt to maximize supplemental irrigation at and slightly before this time. In 

the full-season and early-deficit irrigation treatments irrigation was being applied during 

peak water demand for cotton. This should have led to these treatments being the 

highest yielding. However, more rainfall and a cooler year in 2017 resulted in mixed 

results.  
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Table 5. 2016 and 2017 cotton effects 

 
2016 Cotton 2017 Cotton 

Effect F Value P-Value F Value P-Value 

Irrigation 344.71 <.0001 19.69 <.0001 

Planting 0 0.9805 0.07 0.9314 

Cultivar 0.09 0.7684 25.16 <.0001 

Irrigation*Planting 0.95 0.4183 2.18 0.0352 

Irrigation*Cultivar 1.13 0.3398 1.24 0.301 

Planting*Cultivar 0.3 0.5824 2.26 0.1099 
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Table 6. Yield results in kg ha-1 lint by variety and year 

Cultivar Year Yield 
  

kg ha-1 

FM2334 2016 1436 a† 

FM2484 2016 1427 a 

FM2322 2017 1479 a 

FM2011 2017 1299 b 

† Means with the same letter are not significantly different (α= 0.05).  
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Table 7. 2016 cotton yields by irrigation treatment and variety in kg ha-1 of lint 

Irrigation Cultivar Yield   
kg ha-1 

Full FM2484 2140 a 
Full FM2334 2063 a 

Early FM2334 1588 b 
Early FM2484 1562 b 
Late FM2334 1210 c 
Late FM2484 1144 c 

Deficit FM2334 881 d 
Deficit FM2484 862 d 

† Means with the same letter are not significantly different (α= 0.05).  
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Table 8. 2017 cotton yields by irrigation treatment and variety in kg ha-1 of lint 

Irrigation Cultivar Yield   

kg ha-1 

Full FM2322 1718 a 

Full FM2011 1490 bc 

Early FM2322 1433 bcd 

Early FM2011 1296 def 

Late FM2322 1513 bc 

Late FM2011 1394 cde 

Deficit FM2322 1565 ab 

Deficit FM2011 1252 ef 

Dry FM2322 1166 fg 

Dry FM2011 1065 g 

† Means with the same letter are not significantly different (α= 0.05).  
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Grain Sorghum Results 

 Significant interactions occurred between the year, planting date, irrigation 

treatment, and variety choice. Therefore, statistical analyses were performed separately 

for each year. 

As in the cotton treatments, irrigation was the factor most-limiting to yield and 

was significant for each year (p < 0.0001) (Table 9). There was no significant difference 

in yield between conservation-tillage treatments and conventional-tillage treatments in 

either 2016 or 2017. Planting date was significant in 2016 (p = 0.003) but planting date 

was not significant in 2017 (p=0.0918) (Table 9). Early-planted treatments yielded an 

average of 600 kg ha-1 more than later-planted treatments in 2016. This result could be 

caused by irrigation timings and variable growth stages of the plant. However, the 

results did not show a dramatic difference between those treatments in 2017. This 

difference supports previous observations about yield under SCA pressure. In general, 

the earlier that grain sorghum is planted, the less that yields were affected by high 

levels of SCA pressure (Bowling et al., 2016). SCA pressure has an increasingly-weakened 

impact on yield as the crop nears the end of its growing season (Bowling et al., 2016). A 

significant difference in yield was observed between varieties in both years (p < 0.0001) 

(Table 9). 

There were also significant interactions for irrigation-by-planting and irrigation-

by-variety in both years. The irrigation-by-planting effect was the most significant of the 

interactions for each year (p=0.0101) (Table 9). The significance of this interaction 
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shows that timing of planting and of irrigation is critical in today’s grain sorghum 

environment in west Texas. 

The irrigation-by-variety effect was significant in both 2017 (p=0.0074) and 2016 

(p=0.0222) (Table 9). This interaction illustrates that variety choice and irrigation regime 

are also very important. K73-J6 was a better-performing variety each year. This wasn’t 

exactly surprising, as Sorghum Partners describes this variety as a longer-season variety 

that responds better to higher seasonal irrigation totals (Sorghum Partners, 2013). 

Neither of these varieties are described as SCA-tolerant. In this instance, a plant that 

responds better to irrigation treatments might inherently yield higher even in an 

intensive SCA pressure environment.  

Table 10 shows the yield by irrigation and by variety in 2016. The differences in 

yields by variety under the different irrigation treatments by year were explored. In 

2016, the highest yield observed was for the late-deficit irrigation treatment of hybrid 

K73-J6. Though not different from this variety’s full-irrigation treatment, from a raw-

number perspective the late-deficit treatment performed better. This may lead to an 

economically-relevant benefit in a production setting, if not a statistical one in this 

setting.  

The next-highest-yielding treatment in 2016 was the late-deficit irrigation of 

KS585 (Table 10). Though this treatment is not different from the K73-J6 full-irrigation 

treatment there is still a wide disparity in the raw numbers. The next yield grouping of 
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2016 was the early-deficit irrigation treatment of both varieties. These treatments are 

statistically identical and are not different from the late-deficit irrigation of KS585. 

The most-surprising element in 2016 was how poorly the full-irrigation 

treatment of KS585 performed. It was significantly different form the full-irrigation 

treatment of K73-J6 but was not different than the deficit-irrigated K73-J6 (Table 10). 

Grain sorghum can be compromised if there is excess moisture at germination (Neild, 

1982). The wetter planting season in 2016, coupled with the 80% ET irrigation rate of a 

medium maturing hybrid, could have compounded this issue, resulting in reduced yield. 

Deficit-irrigated KS585 was the lowest-yielding treatment in 2016 in raw 

numbers. However, it is not different than the full irrigation of KS585 and the deficit 

irrigation of K73-J6 (Table 10). This result is similar to the cotton results in 2016 where 

episodic drought played a role. Even though grain sorghum is a water-efficient crop it 

will experience a significant decrease in yields after long periods of stress yields (Eck, 

1974). 

Table 11 shows the yield by irrigation and variety in 2017. In 2017, observations 

were more as expected and treatments were more distinctly different, along the same 

lines as in 2016. The full-irrigation treatment was the highest-yielding treatment for 

each respective variety in 2017. Both the late-deficit and deficit treatments for K73-J6 

were not different than that of the full-irrigation of KS585 though.   

Yields for varieties in the early-deficit irrigation treatments and KS585 in the late-

deficit treatment were statistically identical (Table 11). The full-season-deficit treatment 
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for KS585 was statistically similar to these as well. These results, like the analogous 

results in cotton, can be attributed to rainfall in 2017. Rainfall after July 15th 

contributed disproportionately to yield, considering the late-deficit treatment 

experienced water inputs nearly all-season long.   

As expected, the dryland treatment yielded most poorly (Table 11). Similar to the 

cotton results observed in 2017 yield results this treatment still yielded much better 

than other deficit treatments from 2016 that received more supplemental irrigation, 

from a raw number perspective. 

Water usage peaks for both grain sorghum and cotton at the flowering stage 

around 60 days after planting, and they are most susceptible to stress at this time (Lewis 

et al., 1974). It can be inferred that, in a normal year, a late-deficit irrigation is optimal 

to enhance observed yield if grain sorghum is planted early in May. This irrigation 

strategy and planting will maximize yield potential in a deficit-irrigation system. The 

results indicated that the optimal intercropping irrigation and planting strategy is to 

plant grain sorghum early, irrigating at a rate of 80% ET weekly before July 15th, then 

irrigate middle to late-planted cotton at a rate of 80% ET weekly after July 15th. 
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Table 9. 2016 and 2017 grain sorghum effects 

 
2016 Grain Sorghum 2017 Grain Sorghum 

Effect F Value P-Value F Value P-Value 

Irrigation 13.33 <.0001 28.65 <.0001 

Planting 13.99 0.0003 2.45 0.0918 

Cultivar 17.19 <.0001 13.27 0.0004 

Irrigation*Planting 3.95 0.0101 3.61 0.001 

Irrigation*Cultivar 3.32 0.0222 3.71 0.0074 

Planting*Cultivar 0.19 0.6653 1.19 0.3095 
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Table 10. Grain sorghum yield by irrigation treatment and variety in 2016  

 

 

 

 

 

† Means with the same letter are not significantly different (α= 0.05).  

  

Irrigation Hybrid Yield 

  kg ha-1 
Full K73-J6 4600 ab† 

 KS585 3176 de 
Early K73-J6 3853 cd 

 KS585 3801 cd 
Late K73-J6 5298 a 

 KS585 4052 bc 
Deficit K73-J6 3194 de 

 KS585 2858 e 
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Table 11. Grain sorghum yield by irrigation treatment and variety in 2017  

Irrigation Hybrid Yield 

  kg ha-1 
Full K73-J6 5949 a† 

 KS585 4816 b 
Early K73-J6 4303 c 

 KS585 4226 c 
Late K73-J6 4411 bc 

 KS585 4340 c 
Deficit K73-J6 4471 bc 

 KS585 4024 cd 
Dry K73-J6 3747 d 

 KS585 3578 d 

† Means with the same letter are not significantly different (α= 0.05). 
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Economics 

Revenue above Seed, Crop Protection and Irrigation Costs 

 Economic analysis began with establishing the gross revenue from the crops 

using local prices. These datasets ranged from 2011 to 2018 for cotton and 2012 to 2018 

for grain sorghum. For both commodities an Olympic average was taken. By utilizing the 

Olympic average, the highest-price and lowest-price years were dropped. This type of 

analysis was used because 2011 cotton and 2012 grain sorghum prices were higher than 

two standard deviations from the mean.  

After the Olympic average was taken for each commodity, two standard 

deviations from the means were calculated. This was used to establish a 95% confidence 

interval for the commodity prices. The low side of the means were treated as the low-

price scenario and the high side were treated as the high-price scenario. By building the 

95% confidence interval, almost all fiber quality discounts and premiums that could be 

expected were included. 

Cotton was found to have an average value of $1.54/kg lint, as a combination of 

loan value and average premium marketed through PCCA’s pool marketing program 

(PCCA, unpublished data, 2019). The standard deviation was found to be $0.11/kg of 

lint.  

Grain sorghum was found to have an average cash value of $0.14/kg grain. This 

number was based upon weekly cash prices as reported by elevators near the Lubbock 
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area and was collected by Texas A&M AgriLife (Texas A&M Agrilife, 2018). The standard 

deviation for this price was $0.01/kg grain.  

Cotton revenue above seed costs, crop protection and irrigation costs by 

treatment are shown in Table 12 and grain sorghum revenue above seed costs, crop 

protection and irrigation costs by treatment are shown in Table 13. The following 

sections will discuss how these were calculated and the strategies used. 

Seed Costs 

Seed is one of the primary drivers in variable costs differences. This is because 

many cotton cultivars in today’s market have herbicide technology and other premium 

traits. “Brown bag” cotton seed is still available at a much lower cost without these. 

However, this is a much more difficult crop to manage without the ability to spray 

broadleaf herbicides over the top in-season. This non-GMO cotton is still an option for 

producers and there are still many good cultivars available. This cheaper seed is most-

attractive in especially dry years, in which insurance payouts for failed crops don’t 

reflect seed quality or other inputs spent.   

All cotton was planted at a population of 86,485 seeds ha-1. A 2019 price sheet 

from Sanders in Slaton, Texas indicates FM2484 was the highest-priced variety at a cost 

of $137.51 ha-1. FM2334 was the next highest at $117.62 ha-1. FM2322 and FM2011 

were at the same cost, $95.59 ha-1 (King, personal communication, 2019). The specific 

prices for each cultivar were used in the variety economic analysis. For irrigation 
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regimes and planting date treatments, an average value was used. For 2016, this value 

was $127.57 ha-1 and for 2017 the value was $95.59 ha-1.   

Grain sorghum seed prices were significantly lower. The seeding rate was 

111,195 seeds $18.58 ha-1. KS585 cost $18.58 ha-1 and K73-J6 cost $17.96 ha-1 

(Schneiderjan Seed, personal communication, 2019).  The specific prices for each 

cultivar were used in the variety economic analysis. For irrigation regimes and planting 

date treatments, an average value was used. This value was $18.27 ha-1.   

Irrigation Costs 

Irrigation costs were highly variable, depending upon what electric company a 

producer patronizes and depending upon depth to water in a well. In west Texas, 

generally $19.76 ha-1 per 25.4mm of water applied is reasonable (Williams, et al, 2014). 

This estimate was used to estimate costs for each irrigation treatment in this research. 

In 2016 the estimated irrigation costs for each treatment are as follows: $145.69 

ha-1 for early-deficit, $126.52 ha-1 for late-deficit, $144.31 ha-1 for full-season-deficit, and 

$240.58 ha-1 for full-season replacement of 80% ET. These values were used in economic 

analysis of each irrigation treatment. For the planting date and variety treatments a 

mean value of $164.28 ha-1 was used. 

For 2017, the irrigation costs estimate for each treatment are as follows: $118.34 

ha-1 for early-deficit, $91.18 ha-1 for late-deficit, $129.45 ha-1 for full-season-deficit, and 

$203.88 ha-1 for the full-season replacement of 80% ET. There was also $47.97 ha-1 for 

water applied on the dryland treatment. This was to get the planting moisture right for 
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stand establishment. These values were used in an economic analysis of each irrigation 

treatment. Since the dryland treatment received no in-season irrigation it will not be 

included in the economic analysis for the planting dates or varietal analysis, as it lowers 

the average considerably from $135.91 ha-1 to $118.32 ha-1. 

Crop Protection 

Cotton and grain sorghum inherently have different maintenance requirements. 

This becomes very evident in choice of chemicals used. A typical cotton crop will require 

a pre-plant herbicide, three in-season herbicide applications, two rounds of plant 

growth regulators, a boll-opener late in the year, and a desiccant before harvest, 

totaling eight applications over-crop (Macha, personal communication, 2019). 

Insecticide use has gone down dramatically in cotton since the introduction and 

adoption of the Bt trait in the mid-1990s (Lu et al., 2012). Grain sorghum, on the other 

hand, will usually only need a pre-plant herbicide application and just one in-season 

herbicide application. SCA pressure, however, has driven producers to consider two in-

season insecticide applications, for a total of four applications.  

A wider array of generic chemical options is now available for cotton. This is 

helping producers keep costs low even though more passes are required. The full spray 

regimen in cotton costs $99.61 ha-1, estimating pricing from Ag Producer’s Co-op in 

Dalhart, Texas (Wiggans, personal communication, 2019).  

Grain sorghum does have generic pre-plant chemical options. However, to take 

full advantage of a rotation with increasingly-popular dicamba-resistant cotton, a 
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generic auxin herbicide should be substituted in-season for Huskie by Bayer 

CropScience, a premium product. Though Huskie is a more expensive product, it is 

advantageous to substitute it here to diversify herbicide chemistries used to prevent 

resistance (Norsworthy et al., 2012). The cost for the herbicide applications in grain 

sorghum only cost $33.65 ha-1. The insecticides that are becoming a necessity for grain 

sorghum production in west Texas add another $45.94 ha-1 at minimum label rates. This 

sums to a total of $79.59 ha-1 in grain sorghum chemical costs from Ag Producer’s Co-op 

in Dalhart, Texas (Wiggans, personal communication, 2019). 

Chemical application costs can be estimated for in-house applications and for 

custom applications. For the purpose of this study, a custom applicator’s rate was used, 

which was estimated conservatively from American Sprayers in Dalhart, TX. They charge 

$16.06 ha-1 (White, personal communication, 2019). Custom applications significantly 

increased costs. However, the difference in price is justifiable because there are other 

financial risks associated with a producer is applying their own pesticides. Those risks 

are difficult to quantify and would not be reflected in this economic analysis. There is 

also a large opportunity cost in owning or leasing a sprayer: money that could be more 

productive elsewhere. This custom rate accrues to $128.50 ha-1 for the eight cotton 

applications and $64.25 for the four grain sorghum applications. 
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Table 12. Cotton revenues above seed, crop protection and irrigation costs in dollars ha-

1 

        

 

 

 

 

 

 

 

 

 

 

 2016 Cotton  2017 Cotton 

Variable Treatment Low Price Avg 

Price 

High 

Price 

 Low 

Price 

Avg 

Price 

High 

Price 

Average 

Irrigatio

n 

Early Deficit $1,582 $1,930 $2,277  $ 1,363 $ 1,664 $ 1,965 $ 1,797 

 Late Deficit $1,075 $1,335 $1,594  $ 1,429 $ 1,736 $ 2,043 

 

$ 1,535 

 50% ET 

season 

$653 $845 $1,037  $ 1,410 $ 1,720 $ 2,031 $ 1,283 

 80% ET 

season 

$2,184 $2,647 $3,111  $ 1,582 $ 1,936 $ 2,289 $ 2,291 

 Dryland     $ 1,104 $ 1,350 $ 1,596 $ 1,350 

          

Planting Early Plant     $ 1,384 $ 1,692 $ 1,999 $ 1,692 

 Mid Plant $1,373 $1,689 $2,004  $ 1,435 $ 1,750 $ 2,066 $ 1,719 

 Late Plant $1,374 $1,690 $2,005  $ 1,366 $ 1,670 $ 1,974 $ 1,680 

          

Variety FM 2334 $ 1,389 $ 1,706 $ 2,022 FM 2322 $ 1,497 $ 1,823 $ 2,149  

 FM 2484 $ 1,358 $ 1,673 $ 1,987 FM 2011 $ 1,260 $ 1,546 $ 1,833  
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Table 13. Grain sorghum revenues above seed, crop protection and irrigation costs in 
dollars ha-1 

  2016 Grain Sorghum  2017 Grain Sorghum  

Variable Treatment Low 

Price 

Avg Price High 

Price 

 Low 

Price 

Avg Price High 

Price 

Average 

Irrigation Early Deficit $151 $228 $304  $231 $316 $401 $272 

 Late Deficit $272 $365 $459  $415 $503 $590 $434 

 50% ET 

fuseason 

$200 $261 $321  $361 $446 $531 $353 

 80% ET 

season 

$63 $141 $219  $423 $531 $639 $336 

 Dryland     $229 $302 $375 $302 

          

Planting Early Plant     $381 $470 $560 $470 

 Mid Plant $321 $405 $489  $352 $437 $521 $421 

 Late Plant $238 $308 $378  $382 $472 $561 $390 

          

Variety K73-J6 $326 $410 $495  $395 $486 $578 $448 

 KS585 $233 $303 $372  $349 $433 $517 $368 
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CHAPTER IV 

CONCLUSIONS 

 This research aimed to determine if there was an economic benefit to 

intercropping grain sorghum and cotton. The findings indicate that supplemental 

irrigation was the biggest factor limiting yield for both cotton and grain sorghum. 

Planting dates and variety selection also played a significant role.  

 Even with SCA pressure and atypical conditions, this research identified a 

planting and irrigation strategy that will maximize yield of both crops on a shared water 

source on the Texas High Plains. The indicated strategy is to plant grain sorghum early 

May and irrigate at a rate of 80% ET weekly before July 15th, then plant cotton middle to 

late May and irrigate at 80% ET weekly after July 15th. Grain sorghum has been found to 

be susceptible to yield loss with water stress at flowering (Mastrorilli et al., 1999). 

Cotton also has been found to have significant yield loss with water stress at flowering 

(Snowden et al. 2014). However, separating planting dates will allow a producer to 

adequately irrigate both crops at these water-critical times. 

 However, even though this strategy will maximize yields of both crops in a 

shared-water situation, there is no economic benefit to sharing water considering the 

yields observed here. In this research, the dryland grain sorghum treatment had a 

similar gross margin to other treatments even though it did not yield as well. This was 

because rising irrigation costs associated with the other treatments compensated for 

any benefit conferred to yield. Diligent scouting for SCA and well-timed insecticide 

applications will likely result in higher margins. However, more than two insecticide 
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treatments may be needed any given year, compensating for any benefits conferred to 

margin and yield. Rising cotton profits may return rising irrigation costs and more. In 

2016 alone, an added 15% in irrigation-cost difference between early-deficit and late-

deficit treatments netted a 44% increase in gross margin. That is, the extra $19.17 ha-1 

irrigation cost yielded an additional $594.86 ha-1 in returns, considering an average price 

year. Savvy irrigation timing does certainly contribute to that benefit, but the effect was 

also observed when comparing the full-season full-irrigation and early-deficit irrigation 

regimes as well. The law of diminishing returns does apply, but a 65% increase in 

pumping costs yielded a 37% increase in gross margin. As previously stated, an added 

$94.89 ha-1 in pumping cost results in a $717.91 ha-1 increase in gross revenue. In short, 

increased irrigation costs definitely confer economic benefits. 

 With return on investment from irrigation beneficial only in cotton, the viability 

of this cotton-grain sorghum rotation must be decided in the arena of dryland 

production. In average price conditions for the yields observed, there would be a gross 

margin of $302.70 ha-1 for grain sorghum and $1,350.58 ha-1 for cotton. That is a wide 

disparity in revenue, for just over double the input costs ($355.68 over $162.11). 

 This is a bleak picture for the grain sorghum market in west Texas. From a purely 

economic standpoint, continuous cotton monoculture is optimal. The value in 

intercropping cotton and grain sorghum will not be found in hard economics, but in less-

tangible benefits like diversified weed control options and chemistries, benefits to soil, 

and increased residue, which promotes reduced-till opportunities. 
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 Even though grain sorghum may not be the answer economically, more research 

needs to be done in the area of intercropping cotton with other small grains to attempt 

to maximize yield potential, conserve resources, and maximize economic benefit for the 

producer. 
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