
   1 
 

GRAIN SORGHUM IRRIGATION IN THE US EASTERN COASTAL PLAIN 
USING VARIABLE RATE IRRIGATION 

 
Kenneth C. Stone, Research Agricultural Engineer 

Gilbert C. Sigua, Research Soil Scientist 
Philip J. Bauer, Research Agronomist 

 
USDA-ARS Coastal Plains Soil, Water, and Plant Research Center, Florence, SC 

 

ABSTRACT.  Grain sorghum is one of the top five cereal crops and an important grain crop throughout 

the world.  It is generally considered more drought tolerant compared to other grain crops such as maize.  

Recently, in the US eastern Coastal Plain region, there was an emphasis on increasing regional grain 

production in which grain sorghum played an important role.  The region’s soils have low water holding 

capacities that combined with high rainfall variability cause crops frequently to be exposed to water 

stress.  In this research, an experiment was conducted to evaluate the yield response of two grain sorghum 

varieties at different supplemental irrigation levels and three nitrogen levels.  During our 3-year study, 

seasonal rainfall was adequate to produce acceptable grain sorghum yields and ranged from 421, 365, and 

357 mm in 2012, 2013, and 2014, respectively.  These rainfall amounts were greater than the seasonal 

calculated crop evapotranspiration requirement, but supplemental irrigation was required to maintain soil 

water potential above -30 kPa.  However, irrigation did not increase grain sorghum yields.  Additionally, 

no significant differences were found in grain yield between the two sorghum varieties or for increasing 

nitrogen applications.  Results from this study suggest that there would be little benefit for supplemental 

irrigation for sorghum production in the US eastern Coastal Plain.   

Keyword: Irrigation, grain sorghum, irrigation management 

 
Grain sorghum (Sorghum bicolor L.) is an important grain crop that is considered drought tolerant and 

suitable to be grown in regions drier than those for corn (Swick, 2011).  In some areas of the country with 

low rainfall such as the Southern High Plains, sorghum has to some extent replaced corn (Bordovsky and 

Lyle, 1996).  In many of these areas, irrigation is used to supplement rainfall in grain sorghum fields.  In 

2013, the average irrigation water applied to grain sorghum was approximately 1100 mm in Arizona, 365 

mm in Texas, and 60 mm in North Carolina (USDA-NASS 2017, Quick Stats).  In 2012, the US Census 

of Agriculture reported grain sorghum production at approximately 2.1 million hectares with 0.25 million 

hectares irrigated (~12%).  In much of the Southern High Plains, grain sorghum is deficit irrigated at rates 

below that of a well-watered crop.  In western Kansas, Klocke et al. (2012) studied the impact of deficit 

irrigation on grain sorghum yields.  In their study, grain sorghum yields increased linearly with increased 
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irrigation amounts.  Similarly, in northern Texas, O’Shaughnessy et al. (2012) reported on deficit 

irrigation levels in grain sorghum using automatic and manual irrigation scheduling.  They found that 

optimum deficit irrigated yields and water use efficiencies were obtained when irrigation was from 55 to 

80% of well watered crop evapotranspiration rates.   

Only limited data are available on irrigating grain sorghum in humid regions.  Recently in Mississippi, 

Bruns (2015) found no significant impact of irrigation on sorghum grain yield and concluded that 

supplemental irrigation would not be necessary in the Mid-south under normal seasonal conditions. 

Grain sorghum yields are also influenced by fertilization.  Hibberd and Hall (1990) studied the 

response of grain sorghum hybrids to nitrogen fertilizer.  In a 3-year furrow irrigation study, they reported 

significant increases in sorghum grain yields by increasing nitrogen applications.  In 2 of the 3 years, they 

observed differences among the evaluated hybrids.  They determined the optimum rate of nitrogen 

application to be approximately 120 to 180 kg N ha-1.  They also observed a leveling off of grain yields at 

higher nitrogen concentrations.  Assefa and Staggenborg (2010) investigated the impact of grain sorghum 

yield and hybrid advancement from 1957 through 2008.  In the 52 years of data analyzed, they found 

hybrid yields increasing nearly 50 kg ha-1 per year in dryland sites with nitrogen fertilizer explaining 34% 

of the yield increases while the remaining yield increase was due to improved hybrids.  However, 

irrigated grain sorghum yields remained unchanged over the same time period.  They concluded that 

hybrid improvement programs had selected hybrids with better drought tolerance characteristics for 

dryland rather than for irrigated production.    

In 2012, Murphy-Brown, Inc. (a division of Smithfield Grain, Rose Hill, NC) initiated a grain sorghum 

production program in the Carolinas and Virginia to increase local grain supplies for the swine industry 

(Murphy-Brown, 2012).  Even though grain sorghum is generally drought tolerant, supplemental 

irrigation during drought conditions could impact grain sorghum yield potentials because the agricultural 

soils of the US south eastern Coastal Plain Region are generally coarse-textured with low water holding 

capacities (Camp and Sadler, 2002).  Additionally, rainfall during the growing season can be highly 

variable. Sheridan et al. (1979) documented that there was a 50% chance of a 20-day drought during the 

annual growing season in the southeastern Coastal Plain.  In this research, our objective was to evaluate 

the yield response of two grain sorghum varieties at different supplemental irrigation depths and three 

nitrogen levels.  Results from this study will provide the regions sorghum growers information to make 

informed irrigation management decisions.  
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MATERIALS AND METHODS 

FIELD EXPERIMENT 

A sorghum experiment was conducted from 2012 through 2014 under a 6-ha variable-rate center-pivot 

irrigation system (Camp et al., 1998) on a Norfolk loamy sand (Typic Kandiudult) near Florence, South 

Carolina (34°14’36.94” N, 79 48’34.14” W, elevation 42 m).  The site is located in the humid U. S. 

Eastern Coastal Plain region and has an annual mean rainfall of 1089 mm and mean temperature of 18°C.  

In 2012, there were four irrigation treatments (0%, 33%, 66%, and 100% irrigation) and two nitrogen 

fertilization treatments (85 and 170 kg N ha-1) with one cultivar (Dekalb A571).  In 2013 and 2014, there 

were three irrigation treatments ((0%, 50%, and 100% irrigation), three nitrogen fertilization treatments 

(0, 85 and 170 kg N ha-1), and 2 varieties (Dekalb A571 and Pioneer 84P80, both mid to late maturity 

varieties, i.e. greater than 70 days to mid-bloom).  In all years there were 4 replications.  Grain sorghum 

was planted at the rate of 272,000 seeds per hectare.  The planting dates for each year are shown in Table 

1.   
Table 1.  Seasonal rainfall, irrigation for the 100% treatment, crop evapotranspiration (ETc), planting and harvest 

dates for the 2012 to 2014 sorghum growing seasons.   
 

 

Seasonal 

Rainfall 

(mm) 

Irrigation 

(mm) 

ETc 

(mm) 

Planting 

Date 
N application dates 

Harvest 

Date 

2012 421.8 50.8 335.7 6/20/12 7/11, 7/19 10/22-23/12 

2013 364.8 38.1 291.7 7/10/13 7/26, 8/26 11/18-19/13 

2014 357.3 12.7 313.3 6/18/14 6/30, 8/7 10/1-3/14 

 

 

The Norfolk loamy sand has a water holding capacity of approximately 24.3 mm in the surface 0.30 m 

(Peele et al., 1970) (field capacity 8%, 12 kPa; wilting point 2.3%, 1500 kPa; sand/silt/clay 86%,10%, 

4%; bulk density 1.3 g/cm3).  A soil water potential (SWP) value of -30 kPa corresponds to approximately 

50% depletion of the plant available water holding capacity.  A 12.5 mm irrigation was initiated when 

SWP at the 0.30 m depth was below -30 kPa in the 100% irrigation plot with high N.  Irrigations were 

applied on the following dates: 7/20/12, 7/27/12, 8/2/12, 8/6/12, 9/12/13, 9/16/13, 9/20/13, and 8/27/14.  

Soil water potentials were measured in all irrigation treatments for the high N rate using tensiometers at 

two depths (0.30 and 0.60 m). Measurements were recorded at least two times each week.  The other 

irrigation treatments (0%, 33%, and 66%) received an application proportional to the 100% 12.5 mm 
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application.  The seasonal evapotranspiration for the sorghum crop was found by calculating the daily 

reference evapotranspiration from an adjacent weather station using the ASCE standard for grass (Walter 

et al., 2000) and the dual-crop-coefficient method of Allen et al. (1998) (table 1). 

The experimental design in 2012 was a split-plot with irrigation rate as main plots and N levels as 

subplots. The experimental design in 2013 and 2014 was a split-split-plot with irrigation rate as the main 

plots and N levels as subplots and cultivars as the sub-subplots.  The plot size was approximately 9.1 m 

wide by 45° of travel for the 137 m center pivot with four replicates (32 plots in 2012 and 72 plots in 

2013 and 2014).    

FERTILIZER APPLICATIONS 

All nitrogen fertilizer was applied via fertigation through the center-pivot system annually in two split 

applications.  The first N application each year was to all plots at the rate of 85 kg N ha-1.  A second N 

application was applied at this rate to only the high N plots.  Nitrogen was applied using the center-pivot 

irrigation system and injecting urea and ammonium nitrate (UAN) 30% into the incoming center pivot 

water stream.  Nitrogen applications were applied with the minimal water application depths in order to 

minimize irrigation water applications to non-irrigated plots. For this experiment, all nitrogen was 

delivered with 1.8 mm irrigation depth operating at 100% duty cycle.  At the end of the nitrogen 

application, the system was again run in non-plot area to purge the system of nitrogen.  Phosphorus and K 

were uniformly applied in granular form across all plots each spring based on soil testing and 

recommendations of the Clemson University Extension Agricultural Service Laboratory. Fertilizer applied 

was 30 kg ha-1 P2O5 and 50 kg ha-1 K2O in 2012, 30 kg ha-1 P2O5 and 80 kg ha-1 K2O in 2013, and 25 kg 

ha-1 P2O5 and 60 kg ha-1 K2O in 2014. 

HARVEST 

The grain sorghum was harvested when the grain moisture was below 20%.  Grain sorghum yields 

were determined by weighing the grain harvested from a 6.1-m length of two rows near the center of each 

plot using an Almaco plot combine (Almaco, Nevada, Iowa).  Whole plot samples were weighed and a 

sub-sample from each plot was collected and dried at 60° C for three days to determine grain moisture 

concentration.  Grain sorghum yields were reported as dry grain yields.  After yields and total water 

applied to each treatment were determined, the water use efficiency (WUE) was calculated by dividing 

the mean plot yield by the total water applied (irrigation + rainfall). The WUE values were reported in 

units of kg grain ha-1 mm-1 of water applied. 
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STATISTICAL ANALYSES  

Yield and WUE data were statistically analyzed for the treatment effects and year using analysis of 

variance (ANOVA).  Means were separated by calculating the least significant difference (LSD) (SAS 

version 9.4, Proc GLM, Statistical Analysis System, SAS Institute, Cary, N.C.).  All significant 

differences were evaluated at the 0.05 level. 

RESULTS AND DISCUSSION 

The growing season rainfall totals for each year were lower than the long term average total of 

approximately 430 mm. However, in each year, the rainfall totals exceeded the calculated crop 

evapotranspiration (table 1).  In 2012, irrigations were required to maintain SWP’s greater than -30 kPa 

(at the 30 cm depth) during the early part of the growing season 30 to 50 DAP (growth stage 3, 8-leaf to 

stage 5, boot) and rainfall was adequate throughout the remainder of the growing season.  In both 2013 

and 2014, rainfall was generally adequate to maintain adequate SWP’s except during the midpoint of the 

season from approximately 60 to 70 days after planting (stage 6, mid-bloom to stage 7, soft dough).  

During this time period, 3 irrigations in 2013 and one irrigation in 2014 were needed to maintain the 

SWP’s above -30 kPa.  The reduced rate irrigation during these time periods did have SWP values that 

were below -30 kPa levels, but after subsequent rainfalls, their SWP values increased and typically were 

above the -30 kPa threshold.  Soil water potentials for the 60-cm depth followed similar trends to those of 

the 30-cm depth. 

SORGHUM YIELD 

In 2012, the overall mean grain sorghum yield was 2.8 Mg ha-1.  The mean treatment yields for the four 

irrigation and two nitrogen application rates are shown in table 2.  An analysis of variance for the 2012 

year indicated no significant differences in grain yield for irrigation application, nitrogen application 

rates, or the interactions between the irrigation and nitrogen rates.  In 2013, the individual mean grain 

sorghum yield was 3.3 Mg ha-1 while in 2014, the mean yield was 3.1 Mg ha-1 (Table 3).  In both 2013 

and 2014, there were no significant differences in sorghum grain yields for the three irrigation or three 

nitrogen application rates.    Additionally, we combined data from 2012-2014 for the Dekalb variety, 

fertilized at 85 and 170 kg N ha-1 for the fully irrigated (100%) and non-irrigated treatments and 

reanalyzed the data for the entire 3-year study (Table 7).  No significant differences among the irrigation 

or nitrogen treatments for the sorghum grain yields occurred.   
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Table 2.  The 2012 mean sorghum grain yields and water use efficiencies for the four irrigation and two nitrogen 
treatments.   

 

 

Nitrogen Rate Nitrogen Rate 

85 170 Mean 85 170 Mean 

Yield 
(Mg ha-1) 

Water Use Efficiency 
(kg ha-1 mm-1) 

Water 

3.0 2.8 2.9 6.4 6.0 6.1 0 

33 2.8 2.9 2.9 6.0 6.1 6.0 

66 2.4 2.6 2.5 5.0 5.6 5.2 

100 3.3 2.8 3.1 7.0 6.0 6.5 

Mean 2.9 2.8 2.8 6.1 5.9 6.0 
 

Overall, our sorghum grain yields were below those reported in the literature for Kansas (~7 Mg ha-1, 

Klocke et al., 2012) and for Texas (5 to 7 Mg ha-1, O’Shaughnessy et al., 2012) where supplemental 

irrigation is often necessary for production.  A study in a more humid region by Bruns (2015) in 

Mississippi reported grain sorghum yields of 5.2 to 5.3 Mg ha-1.  Yang et al. (2001), in south Texas,  

reported sorghum grain yields similar to ours with yields ranging from 2.3 to 4.7 Mg ha-1.  Our study 

yields may have been impacted due to late season bird damage and delayed harvest until the crop was dry 

enough to harvest with a plot combine. 

Unlike other reported studies, we observed no increase in yield response due to increasing nitrogen 

applications.  Abunyewa et al. (2017) reported a quadratic relationship of increasing grain sorghum yields 

with nitrogen fertilizer applications.  Our study site had been in a 4-year highly fertilized bermudagrass 

production study (Stone et al., 2012) and a 1-year flax study in the previous 5 years, and the soil in this 

experiment may have had adequate holdover nitrogen to produce an adequate sorghum crop. 

WATER USE EFFICIENCY 

In 2012, the overall WUE was 6.0 kg ha-1 mm-1 of water received (rainfall + irrigation) and varied 

among the treatments from 5 to 7 kg ha-1 mm-1 (table 2).  In 2013 and 2014, the overall WUE was 8.7 

kgha-1 mm-1 and varied from 7.1 to 10.8 kg ha-1 mm-1 (table 4).  In both the 2012 and 2013-2014 studies, 

there were no significant differences in WUE between irrigation or nitrogen treatments.  However, in the 

combined 2012-2014 dataset, there was a significant WUE difference for the year of the study, with the 

2012 year having significantly lower WUE of 6.7 kg ha-1 mm-1 compared to the 2013 and 2014 WUE’s of 

8.2 and 7.7 kg ha-1/mm-1, respectively (table 5).  The 2012 WUE values were lower because of higher 

total seasonal rainfall.  Our calculated WUE values for the grain sorghum were intermediate between 
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those published by O’Shaughnessy et al. (2012) which ranged from 4.5 for non-irrigated to 17 kg ha-1 

mm-1 for an 80% irrigated study in Texas.   

 
Table 3.  Mean sorghum grain yields for the 2013 and 2014 variety, irrigation, and nitrogen treatments.   

 
 

 

Water 
0 50 100 Overall Mean 

Yield  (Mg ha-1) 
Mean Mean Mean Mean 

year Variety Nitrogen 
3.3 3.0 3.5 3.3 

2013 

DeKalb 

0 
85 2.8 3.3 3.3 3.1 

170 3.3 3.0 3.2 3.2 
Mean 3.1 3.1 3.4 3.2 

Pioneer 

Nitrogen 
3.2 3.5 3.4 3.4 0 

85 4.0 3.8 3.5 3.8 
170 3.4 3.1 3.5 3.3 

Mean 3.5 3.5 3.5 3.5 

2014 

DeKalb 

Nitrogen 
3.5 2.6 2.8 3.0 0 

85 3.4 3.0 3.2 3.2 
170 3.1 2.9 2.8 2.9 

Mean 3.3 2.8 2.9 3.0 

Pioneer 

Nitrogen 
3.0 3.1 2.8 3.0 0 

85 3.5 3.1 3.6 3.4 
170 3.1 3.5 3.1 3.2 

Mean 3.2 3.2 3.2 3.2 
Overall Mean 3.3 3.2 3.2 3.2 
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Table 4.  Mean water use efficiencies for the 2013 and 2014 variety, irrigation, and nitrogen treatments.   
 

 

 
 

Table 5.  Mean sorghum grain yields and water use efficiencies for the 2012-2014 common variety, irrigation, and 
nitrogen treatments.   

 

 

Water Water 
0 100 Mean 0 100 Mean 

Yield 
(Mg ha-1) 

Water Use Efficiency 
(kg ha-1 mm-1) 

year Variety Nitrogen 
3.0 3.3 3.2 7.1 7.0 7.1 

2012 DeKalb 
85 
170 2.8 2.8 2.8 6.7 6.0 6.3 

Mean 2.9 3.1 3.0 6.9 6.5 6.7 

2013 DeKalb 
Nitrogen 

2.8 3.3 3.1 7.6 8.3 7.9 85 
170 3.3 3.2 3.2 9.0 8.0 8.5 

Mean 3.0 3.3 3.1 8.3 8.1 8.2 

2014 DeKalb 

Nitrogen 
3.4 3.2 3.3 9.6 8.5 9.0 85 

170 3.1 2.8 3.0 8.7 7.7 8.2 
Mean 3.3 3.0 3.1 9.1 8.1 8.6 

Overall Mean 3.0 3.1 3.1 8.0 7.5 7.7 

 

Water 

0 50 100 Overall 
Mean 

Water Use Efficiency 
(kg ha-1 mm-1) 

year Variety Nitrogen 
9.1 7.9 8.8 8.6 

2013 

DeKalb 

0 
85 7.6 8.6 8.3 8.2 
170 9.0 7.9 8.0 8.3 

Mean 8.6 8.1 8.4 8.3 

Pioneer 

Nitrogen 
8.8 9.1 8.4 8.8 0 

85 10.8 9.9 8.7 9.8 
170 9.3 8.0 8.7 8.7 

Mean 9.7 9.0 8.6 9.1 

2014 

DeKalb 

Nitrogen 
9.8 7.1 7.5 8.1 0 

85 9.6 8.2 8.5 8.8 
170 8.7 7.9 7.7 8.1 

Mean 9.4 7.7 7.9 8.3 

Pioneer 

Nitrogen 
8.5 8.5 7.6 8.2 0 

85 9.8 8.5 9.8 9.4 
170 8.8 9.6 8.3 8.9 

Mean 9.0 8.9 2.6 2.3 
Overall Mean 9.2 8.4 8.4 8.7 
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SUMMARY AND CONCLUSIONS 
Grain sorghum was grown in 2012, 2013, and 2014 to investigate the potential for irrigation to increase 

yields in the humid SE US.  Supplemental irrigation was required for 4, 3, and 1 irrigation events in 2012, 

2013, and 2014 respectively, to maintain soil water potential above -30 kPa in the 100% treatments.  

However, these water applications did not increase grain sorghum yields.  Additionally, we found no 

significant difference in grain yield for increasing nitrogen application.  This lack of response to nitrogen 

applications may have been related to adequate supplies in the soil from previous crops.  Our results are 

similar to previous work from the mid-South USA in that irrigation did not increase sorghum grain yields 

above those of rainfed and suggest that there would be little benefit for supplemental irrigation for 

sorghum production in the US eastern Coastal Plain. 
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