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ESTIMATING THE IMPACT OF DELAYING IRRIGATION

FOR MIDSOUTH COTTON ON CLAY SOIL

E. D. Vories,  R. Hogan,  P. L. Tacker,  R. E. Glover,  S. W. Lancaster

ABSTRACT. In many years, cotton producers in the Midsouth delay the first irrigation to allow time for other field operations
such as pesticide and fertilizer application. This practice is especially common on clay soils that require several days to dry
after furrow irrigation. However, the cost to the producer of delaying irrigation is not well understood. The objective of this
research was to estimate the impact of delaying the first irrigation for cotton on clay soil to help producers make more informed
decisions regarding irrigation timing. Cotton irrigation studies were conducted at the University of Arkansas Northeast
Research and Extension Center at Keiser during the 2001 through 2003 growing seasons, with the cultivar PM 1218 BG/RR
planted on a Sharkey silty clay (Chromic Epiaquerts) precision graded to approximately 2 mm m−1 slope. All plots contained
four rows approximately 180 m long with a 97 cm row spacing and four-row border area left between each pair of plots. A
well watered treatment was irrigated at a 50 mm estimated soil water deficit (SWD) based on the Arkansas Irrigation
Scheduler. Irrigations for two delayed-irrigation treatments were initiated on the date of the second irrigation or third
irrigation of the well watered treatment and then irrigated at a 50 mm estimated SWD. A nonirrigated check was included.
Irrigations were ceased when open bolls were observed. Three-year-average yields decreased with delaying irrigation. There
was a consistent trend for lower yield for each delay in the first irrigation; however, in 2003, the differences among all four
treatments were not significant. The three-year-mean irrigation water use efficiency was higher for the well watered treatment
than for either delayed-irrigation treatment; however, in two of the three years (2001 and 2003), the differences among the
treatments were not significant. Gross revenues for the well watered treatment were numerically greatest each year; however,
when the costs of irrigation were included, estimated net revenues for the well watered treatment were not always highest.
A number of scenarios were investigated (e.g., different water sources, rented land), and even though two of the three years
were wetter than normal, the delayed-irrigation treatments always had significantly lower estimated net revenues than the
well watered treatment. Furthermore, the estimated net revenues for the delayed-irrigation treatments in each case were not
significantly  different from those of the nonirrigated treatment. When all other factors were held constant for rented farmland,
the well watered treatment had higher estimated net revenues than the nonirrigated treatment for diesel cost < $0.65 L−1

($2.47 gal−1). A treatment with a delayed first irrigation, a fairly common practice on Midsouth cotton farms, was only more
profitable than the nonirrigated treatment when diesel cost < $0.19 L−1 ($0.74 gal−1).

Keywords. Cotton, Crop management, Crop production, Irrigation, Irrigation economics, Surface irrigation, Water manage-
ment, Water use, Water use efficiency.

otton (Gossypium hirsutum L.) is one of the major
crops in each of the Midsouth states of Missouri,
Arkansas, Tennessee, Mississippi, and Louisiana.
The region has a subhumid climate, and irrigation
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has been a fairly recent addition to the production systems in
those states. Since 1972, the USDA National Agricultural
Statistics Service (USDA-NASS) has kept separate records
for irrigated and rainfed cotton crops in Arkansas, Mississip-
pi, and Louisiana. In 2005, these states combined 73% of the
total harvested cotton hectares in the Midsouth and 21% of
the total harvested upland cotton hectares in the U.S. (USDA-
NASS, 2006). The irrigated portion of the combined crops in
these three states increased from 3% in 1975 to 58% in 2005
and has remained over 50% in each of the years 2002 to 2005.

While the combined data from the three states indicate a
consistent increase for yields of irrigated cotton above
rainfed yields (average of 183 kg lint ha−1 during the 34-year
period; USDA-NASS, 2006), many producers are concerned
about the variability in irrigated cotton yields in the region.
Examples of that variability are 1993 (764 kg ha−1), 1995
(843 kg ha−1), and 1998 (821 kg ha−1), when three years in a
six-year period had the lowest irrigated yields since 1981.
This suggests that the negative impact of weather variability
cannot all be overcome with irrigation. However, since stabi-
lizing yields is often given as a principal reason for investing
in irrigation, variability in irrigated yields is a major concern.
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While some improvement in yield stability could come
through the development of new cultivars, short-term prog-
ress will probably have to come through improved irrigation
management.

Water requirement for cotton varies throughout the grow-
ing season, with relatively low use during the vegetative peri-
od and rapidly increasing needs during reproductive growth.
The water requirement decreases late in the year as bolls ma-
ture. Current University of Arkansas Cooperative Extension
Service (CES) recommendations are to begin monitoring the
soil moisture status of the crop at planting (e.g., tensiometers,
water balance calculations) and maintain well watered condi-
tions until bolls begin to open. Due to factors such as pesti-
cide and fertilization application and preparing other crops
on the farm, the first irrigation in cotton often comes later
than recommended. Of course, the effect of such a delay will
depend greatly on the weather conditions and the resulting
field water status. Periods of drought are less likely early in
the season, so rainfall will often prevent excessive stress from
developing when an early irrigation is missed. Later in the
season, the plants are using more water and the likelihood of
drought is greater.

Although many researchers have studied the effect of dif-
fering levels of water stress on cotton, much of the work was
done in arid regions where irrigation is essential for produc-
tion. Garrot et al. (1988) reported an increase in yield with the
number of irrigations, and Fangmeier et al. (1989) observed
that seedcotton yields increased with the amount of water ap-
plied. Grimes et al. (1969) showed lint yield increasing with
the amount of water applied, but then decreasing at higher
levels of applied water.

Maximum yields usually corresponded to the lowest
water-deficit stresses. Cudrak and Reddell (1988) showed
seedcotton yields decreasing as the allowable water deficit
increased, but in the Midsouth, Vories et al. (1991) did not ob-
serve differences among three treatments with different al-
lowable deficits. Garrot et al. (1988) reported that the highest
yields were associated with the lowest levels of stress at ir-
rigation, and Reginato (1983) observed a linear increase in
lint production as the seasonal average stress index de-
creased. Hearn and Constable (1984) determined that water
stress reduced yield up to 40 kg lint ha−1. Clark and Reddell
(1986) and Reddell et al. (1987) found that plants could over-
come yield reduction from early water stress when the grow-
ing season was sufficiently long. However, in the northern
portion of the Midsouth, growing degree day (15.6° C base)
accumulation  slows greatly after August, and the additional
growing season is often not available.

In the Midsouth, cotton can be produced without irriga-
tion, and water stress often comes from excess as well as defi-
cient water. The risks are exacerbated on clay soils, where
limited internal drainage can lead to excessive waterlogging.
Hodgson and Chan (1982) observed that increasing the in-
undation period on a cracking clay from 4 to 16 h reduced lint
yields by 8%. While furrow irrigation in many large Mid-
south fields can easily take 12 h or longer, rainfall shortly af-
ter an irrigation can increase the waterlogging period
substantially.

Hearn and Constable (1984) stated, “Irrigation decisions
are compromises between reducing the risk of water stress
and increasing the risk of waterlogging.” Producers often
know they need to irrigate earlier, but they have little infor-
mation on the cost of delaying irrigation. The risks associated

with irrigating are well known, especially for furrow irriga-
tion on clay, where the soil is slow to dry. Pesticide and fertil-
izer application may have to be delayed for several days after
an irrigation until the soil dries sufficiently to support traffic
without severe rutting or soil compaction. An estimate of the
costs associated with waiting to irrigate would allow a more
informed decision on what to do first. The objective of this
research was to determine the impact, including the esti-
mated cost to the producer, of delaying the first irrigation for
cotton on clay soil.

METHODS AND MATERIALS
Cotton irrigation studies were conducted at the University

of Arkansas Northeast Research and Extension Center (NER-
EC) at Keiser (35° 40′ N, 90° 5′ W) during the 2001, 2002,
and 2003 growing seasons to investigate the effects of delay-
ing the initial irrigation. The cultivar PM 1218 BG/RR (Delta
and Pine Land Co., Scott, Miss.) was planted on 29 May
2001, 21 May 2002, and 1 May 2003 with a John Deere 7100
planter (Deere & Company, Moline, Ill.) at approximately
13 seeds m−1 in 97 cm rows on a Sharkey silty clay (very fine,
smectitic,  thermic Chromic Epiaquerts) that was precision
graded to approximately 2 mm m−1 slope. Ammonium nitrate
was aerially applied in single pre-flower applications at rates
of 143 kg N ha−1 in 2001 and 140 kg N ha−1 in 2002 and 2003.
Soil tests indicated that no other fertilizers were required.
CES recommendations were followed for weed and insect
control (Bonner, 1995). All plots contained four rows approx-
imately 180 m long with a 97 cm row spacing. The center two
rows were harvested for yield determination in 2001; all four
rows were harvested for yield determination in 2002 and
2003. A four-row border area was left between each pair of
plots to reduce any effect of lateral movement of water during
irrigation.

Treatments consisted of three furrow-irrigated treatments
and a nonirrigated check (NI) in a randomized complete
block design with four replications. A well watered treatment
(WW) was irrigated at a 50 mm estimated soil water deficit
(SWD) based on the Arkansas Irrigation Scheduler (Cahoon
et al., 1990), hereafter referred to as the Scheduler. Irrigations
for two “delayed” treatments were initiated on the date of the
second irrigation (DELAY1) or third irrigation (DELAY2) of
the WW treatment and then irrigated at a 50 mm estimated
SWD. Irrigations were ceased when open bolls were ob-
served, according to CES recommendations. The DELAY1
treatment represents the common situation where a producer
chooses to wait to begin irrigating until most of the field op-
erations are completed, whereas the DELAY2 treatment rep-
resents the situation where a producer planned not to irrigate
a field and then reconsidered because of dry conditions.

The Scheduler calculates an estimated daily crop evapo-
transpiration based on estimated pan evaporation, a pan coef-
ficient of 0.86, and a crop coefficient that varies from 0.2 to
1.0 as a function of crop age. Since only limited climatic data
were available for most Midsouth locations, Cahoon et al.
(1990) used regression analyses to estimate pan evaporation
for six Midsouth locations based on day of the year, latitude,
and daily maximum temperature. Keiser, Arkansas, was one
of the six locations used in the regression analyses.

Counts of the number of plants per 3 m of row were made
in several locations each year. Nodes above white flower



931Vol. 50(3): 929−937

(NAWF) were counted weekly on ten plants per plot (five
plants per plot in 2003) beginning soon after all plots were
flowering and continuing until the average NAWF for all
plots was less than 5, indicating physiological cutout (Bour-
land et al., 1992). Seedcotton was harvested on 8 October
2001, 17 October 2002, and 1 October 2003 with a Case IH
1822 two-row cotton picker. Seedcotton weights for each plot
were determined with an instrumented boll buggy. An
approximately  0.5 kg sample of seedcotton from each plot
was ginned on a 10-saw laboratory gin without lint cleaners
to determine gin turnout for lint yield calculations. The addi-
tional lint associated with irrigation was calculated as the dif-
ference between the yield from an irrigated treatment and the
yield for the NI treatment in the same replication.

In this experiment, it was not possible to measure the wa-
ter applied to individual plots. Therefore, net irrigation ap-
plication was assumed equal to the estimated SWD on the day
of irrigation, consistent with the assumptions for surface ir-
rigation in the Scheduler (Cahoon et al., 1990). The Schedul-
er follows the assumption that surface irrigation will replace
all the SWD. While the assumption will not be valid in all
cases, it probably applied at this location. As a vertisol,
cracks formed in the soil as it dried. The drier the soil, the
deeper and wider the cracks became. The initial infiltration
rate was very high until the cracks filled with water and then
much slower afterward. Water moved laterally in the cracks
and, following an irrigation, the soil appeared uniformly sat-
urated.

Gross application was calculated as the net irrigation di-
vided by an assumed application efficiency of 67.5%, the
middle of the range for furrow irrigation from Solomon
(1988). Although application efficiency was not measured in
this study, 67.5% was considered an achievable value for pro-
ducers in the region. Irrigation water use efficiency (IWUE)
was calculated as the ratio of the additional lint yield to total
estimated gross irrigation, as suggested by Howell (2000) and
others.

Fiber samples from each plot were sent to Cotton Incorpo-
rated (Cary, N.C.) for high-volume instrument (HVI) fiber
quality analysis. Cotton prices were calculated from the CCC
loan schedule of premiums and discounts for upland and ELS
cotton for the appropriate year (National Cotton Council,
2005, personal communication), based on the HVI data for
each plot. Although the price schedule includes premiums
and discounts based on length uniformity, none were applied
in this study. Because the fiber was ginned on a laboratory
gin, the length uniformity was probably greater than that of
cotton that was commercially ginned with lint cleaners.
Therefore, it would probably qualify for premiums that
would not be possible for conventionally ginned cotton. Pre-
miums and discounts were applied based on micronaire,
strength, length, and grade.

Irrigation-related  costs were estimated from Bryant et al.
(2001). All inputs and thus all costs other than irrigation were
the same for all treatments; therefore, a partial-budgeting ap-
proach was used and only costs related to the different irriga-
tion treatments were considered. For the economic
comparisons, the NI treatment represented the situation
where water was available at the field but the producer chose
not to irrigate. Another possibility would be where a rainfed
cotton crop was produced and the water supply was used to
irrigate another crop (e.g., rice in an adjacent field). There-
fore, an additional treatment (RF) was designated. Agronom-

ically, the NI and RF treatments are the same; however, they
are different in the economic analyses because the NI treat-
ment still has associated ownership (fixed) costs. For these
analyses, the NI/RF field was assumed to have the same de-
gree of precision grading as the irrigated fields.

Furrow irrigation with disposable irrigation tubing
(e.g., Poly-Pipe, Armin Corp., Jersey City, N.J.) was used in
the study and the economic analyses, with tubing cost esti-
mated as $14 ha−1. The annual labor requirement for furrow
irrigation was estimated by Bryant et al. (2001) as 0.74 h ha−1.
However, that amount includes time spent setting up the field
for irrigation and removing the disposable tubing at the end
of the season, as well as time spent irrigating. For these analy-
ses, it was assumed that 0.49 h ha−1 was required for setup and
removal, and 0.06 h ha−1 was required for each irrigation, re-
sulting in the same total as Bryant et al. (2001) used for their
assumed case of four irrigations.

In addition to the “standard” well (pumping water depth
< 37 m) like those at NEREC, Bryant et al. (2001) provided
cost information for a “deep” well (37 m < depth < 73 m) and
a relift system for a surface water supply. Total costs were cal-
culated for those systems with the other factors held constant
to investigate the effect of water source on net revenues. In
addition, much Midsouth cropland is rented rather than
farmed by the owner; Spurlock and Gillis (2000) reported
71% to 80% rented cropland in the four regions of Mississippi
where they surveyed cotton producers. Therefore, it was nec-
essary to consider the impact of rent payments on net returns.
While in practice there are a seemingly infinite number of
rental arrangements, these analyses assumed a 25% crop-
share rent for all treatments, with the landlord providing the
well and the farmer paying all costs of production, including
the variable costs associated with irrigation.

Bryant et al. (2001) assumed a diesel-powered irrigation
pump with fuel costs of $0.26 L−1 ($1.00 gal−1). While that
cost was reasonable for the period of the study (2001 to 2003),
fuel costs have been much more volatile in recent years. To
investigate the effect of fuel cost, total costs were calculated
for fuel costs from $0.20 to $1.00 L−1 ($0.76 to $3.79 gal−1)
with all other factors held constant. Similarly, to investigate
the effect of lint base price, revenues were calculated for base
prices from $0.50 to $2.00 kg−1 ($0.23 to $0.91 lb−1) with all
other factors held constant. Finally, since fuel costs have risen
considerably, the lint base price calculations were repeated
with an assumed doubling of the fuel cost or $0.53 L−1

($2.00 gal−1). In each case, revenues were based on 25%
crop-share rent with the landlord providing the well and the
farmer paying all costs of production, including the variable
costs associated with irrigation.

Fisher’s least significant difference (LSD) was used to
compare treatment means whenever significant (p < 0.05)
treatment effects or interactions were observed.

RESULTS AND DISCUSSION
Temperatures during the growing seasons were fairly typi-

cal for the area, with little difference among years or between
any year and the 30-year means based on heat-unit (growing
degree days, 15.6°C base) data for the study period (table 1).
Rainfall appeared more variable (table 1). In 2001, only Oc-
tober received more rain than the 30-year mean; however, all
but 18 mm of the October total was recorded after the cotton
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Table 1. Monthly growing degree days (15.6°C base) and rainfall
from weather data collected at NEREC, Keiser, Arkansas.

Month 2001 2002 2003
30-Year
Mean[a]

Growing degree days (15.6°C base)
May 203 133 189 167
June 272 328 245 295
July 384 386 367 355

August 366 352 357 312
September 193 254 169 196

October 67 61 71 70

6-month total 1485 1514 1398 1394

Rainfall (mm)
May 124 144 289 138
June 59 87 84 91
July 45 51 147 88

August 18 149 17 76
September 49 135 88 101

October 219 120 131 76

6-month total 515 686 757 570
[a] Mean values for the 30 years 1963 through 1992.

was harvested. In 2002, twice the 30-year mean value was re-
corded in August, typically a peak irrigation month. In 2003,
rainfall in May and July both greatly exceeded the 30-year
mean; however, 107 mm was recorded on 17 May and again
on 29-31 July. Such events are common in the Midsouth,
where both too much and too little water can be problems dur-
ing the same season.

The soils in this study area had poor internal drainage, and
large cracks formed as the soil dried, which is expected of a
field classified as Sharkey silty clay. However, the surface
drainage was quite good. In addition to precision grading,
sufficient ditches were available to remove runoff from the
field. Many of the fields in the Midsouth with similar soils ex-
perience standing water, often for several days, after rainfalls
such as those recorded 17 May 2003.

Uniform emergence was observed each season, with
approximately  120,000 plants ha−1. Due to the relatively late
planting and the corresponding warm temperatures, the crop
developed at an accelerated rate in 2002 and 2003. While the
COTMAN (Danforth and O’Leary, 1998) target development
curve (TDC) indicates first flower at 60 days after planting
(DAP), flowers were observed at approximately 52 DAP in
2001 and 2002. Similarly, the COTMAN TDC suggests an ef-
fective flowering period, or the time between first flower and
NAWF = 5, of 20 days. In 2001, the effective flowering peri-
od was 17 days for the WW treatment, but only an average
of 9 days for the other treatments, which did not differ signifi-
cantly (data not included). In 2002, only the WW treatment
ever exceeded NAWF = 5, a value associated with physiolog-
ical cutout (Bourland et al., 1992), suggesting that the plants
experienced pre-flower stress. Similarly, in 2003, only the
WW and DELAY1 treatments ever exceeded NAWF = 5.
However, due largely to the earlier planting and thus cooler
early-season temperatures, and the excessive early-season
rainfall, crop development was slower in 2003 than in the pre-
vious years and flowers were not observed until approximate-
ly 80 DAP. Even with adequate surface drainage, the crop
growth on the Sharkey soil can still be affected by water-
logged conditions.

Table 2. Estimated net irrigation application amounts in
cotton irrigation study at NEREC, Keiser, Arkansas,

during 2001 through 2003 growing seasons.
Estimated Net Irrigation Amount (mm)[a]

Date WW DELAY1 DELAY2 NI

20 July 63 0 0 0
1 August 53 112 0 0
17 August 72 72 182 0
27 August 64 64 64 0

Season total 251 248 246 0

8 July 61 0 0 0
27 July 58 115 0 0

5 August 42 42 155 0
23 August 48 48 48 0

Season total 209 205 204 0

7 July 76 0 0 0
16 July 54 128 0 0
28 July 51 51 177 0

11 August 65 65 65 0
20 August 55 55 55 0

Season total 300 298 297 0
[a] Net irrigation application estimated as the soil water deficit estimated by

Arkansas Irrigation Scheduler (Cahoon et al., 1990) on day of irrigation;
gross application calculated assuming 67.5% surface irrigation
application efficiency.

Irrigation dates and estimated application amounts are in-
cluded in table 2, based on the assumptions discussed earlier
in this article. The Scheduler calculates daily water use for a
non-water-stressed crop; however, actual crop evapotran-
spiration (ET) for the two delayed-irrigation treatments, es-
pecially DELAY2, would have been reduced somewhat due
to the high SWD experienced. The estimated irrigation
amounts were probably higher than the actual amounts ap-
plied in the field. However, soil water content was not mea-
sured, so a better estimate was not available. Because there
were no large rainfalls between the first and third irrigation
each year, the estimated total application was approximately
the same for each irrigated treatment.

The year with the greatest rainfall (2003) was also the year
that had the highest estimated level of applied irrigation water
(table 2). The 28 July 2003 irrigation was followed by the 107
mm rainfall of 29-31 July mentioned previously, negating most
of the benefit of the irrigation. Similarly, a 44 mm rain followed
one day after the final 2002 irrigation on 23 August. Such un-
timely rainfall is a constant risk in the Midsouth region and un-
derscores the importance of adequate surface drainage.

Gin turnout, the ratio of lint cotton to seedcotton, did not
vary significantly among years (p = 0.69) or irrigation treat-
ments (p = 0.79), and there was no significant year-by-
treatment interaction (p = 0.79). Therefore, the overall study
average value (0.399) was used to calculate lint yield for all
plots. Depending on the amount of lint cleaning used in a par-
ticular commercial gin, the turnout would probably be slight-
ly lower for commercially ginned cotton. For the three years
of the study, average yields decreased with delaying irriga-
tion, and the NI treatment was significantly lower yielding
than either the WW or DELAY1 treatment (table 3). There
was a consistent trend for lower yield for each delay in the
first irrigation each year. In 2003, however, the year with the
most rainfall, the differences among all four treatments were
not significant. Yields were highest in 2001, the year with the
least rainfall.



933Vol. 50(3): 929−937

Table 3. Yield and irrigation water use efficiency from
cotton irrigation study at NEREC, Keiser, Arkansas,

during 2001 through 2003 growing seasons.
Irrigation

Treatment[a] 2001 2002 2003
3-Year

Mean[b]

Lint yield (kg/ha)[c]

WW 975 a 856 a 781 a 870 a
DELAY1 896 ab 606 b 723 a 742 b
DELAY2 879 ab 555 b 698 a 711 bc

NI 722 c 579 b 707 a 670 c

Additional lint yield associated with irrigation (kg ha−1)[c]

WW 252 a 277 a 74 a 201 a
DELAY1 173 a 26 b 16 a 72 b
DELAY2 156 a −24 b −9 a 41 b

Estimated irrigation water use efficiency (kg lint ha−1 mm−1)[c],[d]

WW 0.68 a 0.89 a 0.17 a 0.58 a
DELAY1 0.47 a 0.09 b 0.04 a 0.20 b
DELAY2 0.46 a −0.08 b −0.02 a 0.12 b

[a] WW (well watered) = irrigated at approximately 50 mm soil water
deficit (SWD); DELAY1 = missed first irrigation of WW and then
irrigated at approximately 50 mm SWD; DELAY2 = missed first two
irrigations of WW and then irrigated at approximately 50 mm SWD; and
NI = no irrigations.

[b] Means in the same column (3-year) followed by the same letter are not
significantly different at the 5% level of significance.

[c] Significant year-by-irrigation-treatment interaction. System means in a
column followed by the same letter are not significantly different at the
5% level of significance.

[d] Estimated irrigation water use efficiency (IWUE) = (irrigated treatment
lint yield − nonirrigated treatment lint yield) / total estimated gross
irrigation.

Yields in this study were lower than those observed by Vo-
ries et al. (1991) in a nearby field with similar soils. One pos-
sible reason for the lower yields was that two of the three
seasons in this study (2002 and 2003) had more rainfall than
any of the seasons in the earlier study (1987 to 1989), which
likely led to more waterlogging conditions for the plants. Fur-
thermore, the smaller application amounts with sprinkler ir-
rigation (~25 mm) in the earlier study had less of a
waterlogging effect than the furrow irrigation employed in
this study. Although Cetin and Bilgel (2002) showed higher
yields with furrow irrigation than sprinklers in Turkey, Raine
and Foley (2002) pointed out that waterlogging associated
with irrigation prior to rainfall is much more common with
surface irrigation than with sprinklers or drip irrigation. In the
earlier NEREC study, there were no differences observed
among three treatments based on different allowable SWD;
however, the SWDs in the earlier study were all less than the
SWD at the first irrigation for either of the delayed-irrigation
treatments (DELAY1 and DELAY2) in this study. Yields
were also lower than those observed by Pitts et al. (1990) for
furrow-irrigated cotton on another NEREC field. Although it
is not apparent from the soil descriptions, the surface soil lay-
er in the field where the Pitts et al. (1990) study was con-
ducted is slightly coarser, resulting in improved early-season
growth of cotton each season. Vories and Glover (2000) re-
ported their highest yield for a treatment matching the
DELAY1 treatment in this study. While they suggested that
compensation from later bolls may have affected yields in
their study, the late planting in the first two years of this study
made any yield compensation unlikely.

The three-year mean additional lint yield associated with
irrigation was higher for the WW treatment than for either
delayed-irrigation  treatment (table 3). However, in two of the

Table 4. HVI fiber quality from cotton irrigation study at NEREC,
Keiser, Arkansas, during 2001 through 2003 growing seasons.

Irrigation
Treatment[a] 2001 2002 2003

3-Year
Mean[b]

Fiber strength (g tex−1)
WW 29.0 26.4 28.8 28.1 a

DELAY1 29.6 27.4 28.2 28.4 a
DELAY2 29.3 26.9 29.2 28.4 a

NI 28.7 26.9 28.8 28.1 a

Fiber upper-half-mean length (mm)[c]

WW 29.1 a 27.2 ab 27.2 b 27.9 a
DELAY1 28.3 b 27.4 a 27.6 ab 27.8 a
DELAY2 27.9 b 26.9 ab 27.9 a 27.6 a

NI 28.0 b 26.7 b 28.1 a 27.6 a

Fiber micronaire[c]

WW 5.12 a 5.18 a 5.12 a 5.14 a
DELAY1 4.95 a 4.85 b 5.15 a 4.98 a
DELAY2 5.10 a 4.52 c 4.70 b 4.78 b

NI 4.62 b 4.78 bc 4.32 c 4.64 c
[a] WW (well watered) = irrigated at approximately 50 mm soil water

deficit (SWD); DELAY1 = missed first irrigation of WW and then
irrigated at approximately 50 mm SWD; DELAY2 = missed first two
irrigations of WW and then irrigated at approximately 50 mm SWD; and
NI = no irrigations.

[b] Means in the same column (3-year) followed by the same letter are not
significantly different at the 5% level of significance.

[c] Significant year-by-irrigation-treatment interaction. System means in a
column followed by the same letter are not significantly different at the
5% level of significance.

three years (2001 and 2003) the differences among the treat-
ments were not significant. The values were lower than ob-
served in the earlier study (Vories et al., 1991, assuming same
turnout), in part because the sprinkler irrigation in the earlier
study had higher application efficiency than the 67.5% as-
sumed in this study. The IWUE followed the same trends as
the additional lint yield. Bordovsky et al. (1992) observed
IWUE of 4 kg ha−1 mm−1 for their most efficient LEPA (low
energy, precision application) treatment, much higher than
any of the estimated values in this study.

Fiber strength is primarily a varietal characteristic
(Moore, 1994) and was not affected by the irrigation treat-
ments (table 4). Strength varied among years, with values in
2002, the season with the lowest yields, significantly lower
than the values in the other years. Fiber length can be affected
by limited moisture (Moore, 1994), and differences were ob-
served in this study (table 4); however, no significant differ-
ences were observed in the three-year means, and no
consistent trends were observed among the years. Micronaire
indicates both fineness of the fibers and maturity (Moore,
1994) and can be affected by both cultivar and moisture sta-
tus. For the three-year mean and each of the years, micronaire
for the NI treatment was significantly lower than for the WW
treatment; however, the sale price for cotton with micronaire
>5.0 is discounted (National Cotton Council, 2005, personal
communication), and the WW treatment micronaire was >5
in each of the three years of the study (table 4).

Cotton prices are affected by several premiums and dis-
counts, and the averages for the cotton in this study are in-
cluded in table 5. Based on the price data and lint yields
(table 3), gross revenues were calculated for each treatment
(table 5). Gross revenues for the WW treatment were numeri-
cally greatest each year, although the differences were not
significant in 2003. Pitts et al. (1990) reported a greater dif-
ference between well watered and nonirrigated treatments
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Table 5. Revenue factors from cotton irrigation study at NEREC, Keis-
er, Arkansas, during 2001 through 2003 growing seasons.
Irrigation

Treatment[a] 2001 2002 2003
3-Year
Mean

Base Lint Price ($ kg−1)
1.145 1.146 1.146 1.146

Micronaire premium/discount ($ kg−1)
WW −0.094 −0.096 −0.088 −0.093

DELAY1 −0.023 0 −0.068 −0.030
DELAY2 −0.094 0 −0.020 −0.038

NI/RF 0 −0.022 0 −0.007

Length and grade premium/discount ($ kg−1)
WW 0.039 −0.037 −0.002 0.000

DELAY1 0.047 −0.057 0.022 0.004
DELAY2 0.042 −0.061 0.044 0.008

NI/RF 0.044 −0.073 0.010 −0.006

Strength premium/discount ($ kg−1)
WW 0.002 0 0.002 0.001

DELAY1 0.003 0 0 0.001
DELAY2 0.005 0 0.002 0.002

NI/RF 0.002 0 0.002 0.001

Total premium/discount ($ kg−1)
WW −0.053 −0.133 −0.088 −0.091

DELAY1 0.027 −0.057 −0.046 −0.025
DELAY2 −0.047 −0.061 0.026 −0.027

NI/RF 0.045 −0.095 0.012 −0.012

Adjusted lint price ($ kg−1)
WW 1.092 1.013 1.058 1.054

DELAY1 1.172 1.089 1.100 1.120
DELAY2 1.098 1.086 1.172 1.119

NI/RF 1.190 1.051 1.159 1.133

Gross revenue ($ ha−1)[b]

WW 1064 a 866 a 825 a 919 a
DELAY1 1049 a 660 b 790 a 833 b
DELAY2 964 ab 603 b 820 a 796 bc

NI/RF 859 b 607 b 820 a 762 c
[a] WW (well watered) = irrigated at approximately 50 mm soil water

deficit (SWD); DELAY1 = missed first irrigation of WW and then
irrigated at approximately 50 mm SWD; DELAY2 = missed first two
irrigations of WW and then irrigated at approximately 50 mm SWD; and
NI/RF = no irrigations.

[b] Significant year-by-system interaction. System means in a column
followed by the same letter are not significantly different at the 5% level
of significance.

($420 ha−1), even with a lower assumed gin turnout; however,
the yield differences between treatments were larger.

The estimated costs associated with the irrigation treat-
ments are included in table 6, based on Bryant et al. (2001).
Since the estimated irrigation amounts did not vary greatly,
the estimated costs did not vary greatly for a given water
source. When irrigation costs were considered, the estimated
net revenues associated with the WW treatment were not al-
ways numerically greatest (table 7). In fact, in 2003, the esti-
mated net revenues for the RF treatment (i.e., no fixed costs)
were significantly higher than those for any irrigated treat-
ment. Three-year-mean estimated net revenue for the WW
and RF treatments were not significantly different, while the
DELAY2 treatment was significantly lower than either. Pitts
et al. (1990) reported a greater difference between well wa-
tered and nonirrigated (comparable to the RF treatment in
this study) treatments ($239 ha−1) than the $53 ha−1 differ-
ence observed in this study, although different assumptions
were used in the earlier study.

Table 6. Total estimated irrigation costs for different water sources[a]

from cotton irrigation study at NEREC, Keiser, Arkansas,
during 2001 through 2003 growing seasons.

Irrigation
Treatment[b] 2001 2002 2003

3-Year
Mean

Standard irrigation well ($ ha−1)
WW 103 96 112 104

DELAY1 102 95 112 103
DELAY2 102 94 111 102

NI 40 40 40 40
RF 0 0 0 0

Deep irrigation well ($ ha−1)
WW 145 134 158 145

DELAY1 143 132 157 144
DELAY2 142 131 156 143

NI 60 60 60 60
RF 0 0 0 0

Stationary relift system ($ ha−1)
WW 85 81 91 86

DELAY1 85 80 90 85
DELAY2 84 80 90 84

NI 41 41 41 41
RF 0 0 0 0

[a] Standard well depth < 37m; 37m < deep well depth < 73m; and stationary
relift with 6 m maximum vertical pipe (Bryant et al., 2001).

[b] WW (well watered) = irrigated at approximately 50 mm soil water deficit
(SWD); DELAY1 = missed first irrigation of WW and then irrigated at
approximately 50 mm SWD; DELAY2 = missed first two irrigations of
WW and then irrigated at approximately 50 mm SWD; NI = no
irrigations; and RF (rainfed) = no irrigations and water supply used to
irrigate another crop.

For the case of a deep well water source, which Bryant et
al. (2001) defined as between 37 m and 73 m, there was a
higher energy requirement for pumping and therefore higher
irrigation costs. The three-year-mean estimated net revenues
for both delayed-irrigation treatments were significantly
lower than for the WW or RF treatments, which were not sig-
nificantly different from each other. However, for a surface
water source, with lower energy requirements and therefore
lower irrigation costs, three-year-mean estimated net reve-
nues for all other treatments were significantly lower than the
WW treatment and were not significantly different from each
other. Similarly, for the case of a 25% crop-share rent with the
landlord supplying the standard well, three-year-mean esti-
mated net revenues for all other treatments were significantly
lower than for the WW treatment and were not significantly
different from each other.

A sensitivity analysis was conducted to determine the im-
pact of variations in lint and diesel prices on estimated net
revenues. Because much of the Midsouth farmland is not
farmed by the owner, the analysis assumed the case of a stan-
dard well with all ownership costs for the well paid by the
landlord, and 25% crop-share rent. Only three-year-mean es-
timated net revenues were considered and not year-to-year
variability. As previously stated, the preceding analyses were
based on an assumed diesel cost of $0.26 L−1 ($1.00 gal−1).
When all other factors were held constant and the lint prices
from the previous analyses were used, the WW treatment had
higher estimated net revenues than the NI/RF (same treat-
ment as far as the producer is concerned when the landlord
pays ownership costs) for diesel cost < $0.65 L−1

($2.47 gal−1) (fig. 1). When diesel cost > $0.65 L−1, the costs
associated with irrigation were not offset by higher gross rev−
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Table 7. Estimated net revenues for different water sources[a] and
crop-share rent from cotton irrigation study at NEREC, Keiser, Arkan-

sas, during 2001 through 2003 growing seasons.
Irrigation

Treatment[b] 2001 2002 2003
3-Year
Mean[c]

Standard irrigation well ($ ha−1)[d]

WW 961 a 770 a 713 b 815 a
DELAY1 947 a 565 b 678 b 730 bc
DELAY2 862 ab 509 b 709 b 693 c

NI 819 b 567 b 780 ab 722 bc
RF 859 ab 607 b 820 a 762 ab

Deep irrigation well ($ ha−1)[d]

WW 920 a 733 a 667 bc 773 a
DELAY1 906 a 528 bc 633 c 689 c
DELAY2 822 ab 472 c 664 bc 652 c

NI 799 b 547 bc 760 ab 702 bc
RF 859 ab 607 b 820 a 762 ab

Stationary relift system ($ ha−1)[d]

WW 979 a 785 a 734 a 833 a
DELAY1 965 ab 580 b 699 b 748 b
DELAY2 880 abc 523 b 730 ab 711 b

NI 818 c 566 b 779 ab 721 b
RF 859 bc 607 b 820 a 762 b

Standard well provided by landlord and 25% crop-share rent ($ ha−1)[d]

WW 735 a 594 a 547 ab 625 a
DELAY1 725 ab 440 b 521 b 562 b
DELAY2 662 ab 398 b 544 ab 535 b

NI/RF 644 b 455 b 615 a 572 b
[a] Standard well depth < 37m; 37m < deep well depth < 73m; and

stationary relift with 6 m maximum vertical pipe (Bryant et al., 2001).
[b] WW (well watered) = irrigated at approximately 50 mm soil water

deficit (SWD); DELAY1 = missed first irrigation of WW and then
irrigated at approximately 50 mm SWD; DELAY2 = missed first two
irrigations of WW and then irrigated at approximately 50 mm SWD; NI
= no irrigations; and RF (rainfed) = no irrigations and water supply used
to irrigate another crop.

[c] Means in the same column (3-year) followed by the same letter are not
significantly different at the 5% level of significance.

[d] Significant year-by-system interaction. System means in a column
followed by the same letter are not significantly different at the 5% level
of significance.

enues. The DELAY1 treatment, a fairly common situation on
Midsouth cotton farms, was only more profitable than NI/RF
when diesel cost < $0.19 L−1 ($0.74 gal−1).

In addressing lint price effects, only the base price was
varied and the same premiums and discounts were applied as
in the previous analyses. When all other factors were held
constant with an assumed diesel cost of 0.26 L−1

($1.00 gal−1), the WW treatment had higher estimated net
revenues than NI/RF for lint base price > $0.79 kg−1

($0.36 lb−1) (fig. 2). The DELAY1 treatment was only more
profitable than NI/RF when lint base price > $1.32 kg−1

($0.60 lb−1). When diesel cost doubled to 0.53 L−1

($2.00 gal−1), the WW treatment had higher estimated net
revenues than NI/RF for lint base price > $1.03 kg−1

($0.47 lb−1) (fig. 3). The DELAY1 treatment was only more
profitable than NI/RF when lint base price > $1.99 kg−1

($0.90 lb−1). Of course, with all the sensitivity analyses, the
values would change if a different land rent was assumed.

While there are many obstacles to profitable cotton pro-
duction on clay soil, this study underscores the importance of
proper irrigation management. Delaying the initial furrow ir-
rigation is a common practice in Midsouth cotton production,
especially for clay soils where a longer time is required for

0

100

200

300

400

500

600

700

0.20 0.40 0.60 0.80 1.00

Diesel cost ($ L  )−1

E
st

im
at

ed
 n

et
 r

ev
en

u
e 

($
 h

a 
  )−1

WW DELAY1 DELAY2 NI

Figure 1. Three-year-mean effect of diesel cost on estimated net revenue
for a standard well provided by the landlord and 25% crop-share rent
from cotton irrigation study at NEREC, Keiser, Arkansas, during 2001
through 2003 growing seasons.
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Figure 2. Three-year-mean effect of lint base price on estimated net reve-
nue for a standard well provided by the landlord, 25% crop-share rent
and diesel costing $0.26 L−1 ($1.00 gal−1) from cotton irrigation study at
NEREC, Keiser, Arkansas, during 2001 through 2003 growing seasons.
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Figure 3. Three-year-mean effect of lint base price on estimated net reve-
nue for a standard well provided by the landlord, 25% crop-share rent
and diesel costing $0.53 L−1 ($2.00 gal−1) from cotton irrigation study at
NEREC, Keiser, Arkansas, during 2001 through 2003 growing seasons.

the soil to dry enough to be trafficable. In all the scenarios in-
vestigated, the delayed-irrigation treatments (DELAY1 and
DELAY2) had significantly lower estimated net revenues
than the WW treatment and were not significantly different
from the NI treatment. These data also suggested that when
the water supply could be better used elsewhere, the esti-
mated net revenue for a rainfed cotton crop (RF treatment)
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was not significantly different from the WW treatment for
wells more than 73 m deep. However, not irrigating when the
water was not used elsewhere (NI treatment) still resulted in
ownership costs, making the estimated net revenue signifi-
cantly less than for the WW treatment.

CONCLUSIONS
Midsouth rainfall is quite variable, which exacerbates the

problems with crop production on clay soils. In this study, the
year with the greatest rainfall (2003) was also the year that
had the highest estimated level of applied irrigation water.
Rainfall soon after a surface irrigation is a constant risk in the
Midsouth region and underscores the importance of adequate
surface drainage. Three-year-average yields decreased with
delaying irrigation, and the NI treatment was significantly
lower yielding than either the WW or the DELAY1 treat-
ment. For the three years, there was a consistent trend for low-
er yield for each delay in the first irrigation; however, in 2003,
the differences among all four treatments were not signifi-
cant. Yields were highest in 2001, the year with the least rain-
fall. The three-year-mean irrigation water use efficiency was
higher for the WW treatment than for either delayed-
irrigation treatment; however, in two of the three years (2001
and 2003) the differences among the treatments were not sig-
nificant. Fiber strength was not affected by the irrigation
treatments,  and no consistent trends were observed among
the years for fiber length. Micronaire for the NI treatment was
significantly lower than for the WW treatment each year;
however, micronaire was >5 each year for the WW treatment,
a value usually associated with price discounts.

Gross revenues for the WW treatment were numerically
greatest each year, although the differences were not signifi-
cant in 2003. However, when the estimated costs of irrigation
were included, estimated net revenues for the WW treatment
were not always numerically greatest. In fact, in 2003, esti-
mated net revenues for the RF treatment (i.e., no fixed costs)
were significantly higher than those for any irrigated treat-
ment. Three-year-mean estimated net revenue for the WW
and RF treatments were not significantly different, while
those for the DELAY2 treatment were significantly lower
than either. When different scenarios were investigated (dif-
ferent water sources, rented farmland), the delayed-irrigation
treatments (DELAY1 and DELAY2) had significantly lower
estimated net revenues than the WW treatment and were not
significantly different from the NI treatment. When all other
factors were held constant for the rented farmland situation,
the WW treatment had higher estimated net revenues than the
NI/RF treatments (same treatment as far as the producer is
concerned when the landlord pays ownership costs) for diesel
cost < $0.65 L−1 ($2.47 gal−1). The DELAY1 treatment, a
fairly common situation on Midsouth cotton farms, was only
more profitable than the NI/RF treatments when diesel cost
< $0.19 L−1 ($0.74 gal−1). Similarly, when diesel cost
$0.26 L−1 ($1.00 gal−1), the WW treatment had higher esti-
mated net revenues than the NI/RF treatments for lint base
price > $0.79 kg−1 ($0.36 lb−1), and the DELAY1 treatment
was only more profitable than the NI/RF treatments when lint
base price > $1.32 kg−1 ($0.60 lb−1). When diesel cost
doubled to $0.53 L−1 ($2.00 gal−1), the WW treatment had
higher estimated net revenues than the NI/RF treatments for
lint base price > $1.03 kg−1 ($0.47 lb−1), and the DELAY1

treatment was only more profitable than the NI/RF treat-
ments when lint base price > $1.99 kg−1 ($0.90 lb−1).

ACKNOWLEDGEMENT

This research was supported by Arkansas cotton produc-
ers through Cotton Incorporated.

REFERENCES
Bonner, C. M. 1995. 1995 cotton production recommendations.

AG422-4-95. Little Rock, Ark.: University of Arkansas Cooper-
ative Extension Service.

Bordovsky, J. P., W. M. Lyle, R. J. Lascano, and D. R. Upchurch.
1992. Cotton irrigation management with LEPA systems. Trans.
ASAE 35(3): 879-884.

Bourland, F. M., D. M. Oosterhuis, and N. P. Tugwell. 1992. Con-
cept for monitoring cotton plant growth and development using
main-stem node counts. J. Prod. Agric. 5(4): 532-538.

Bryant, K. J., P. Tacker, E. D. Vories, T. E. Windham, and S. Stiles.
2001. Estimating irrigation costs. FSA28-PD-5-01N. Little
Rock, Ark.: University of Arkansas Cooperative Extension Ser-
vice.

Cahoon, J., J. Ferguson, D. Edwards, and P. Tacker. 1990. A
microcomputer-based irrigation scheduler for the humid mid-
south region. Applied Eng. in Agric. 6(3): 289-295.

Cetin, O., and L. Bilgel. 2002. Effects of different irrigation meth-
ods on shedding and yield of cotton. Agric. Water Mgmt.
54(1):1-15.

Clark, G. A., and D. L. Reddell. 1986. Sequential water stress in
cotton: Yield response. ASAE Paper No. 862071. St. Joseph,
Mich.: ASAE.

Cudrak, A. J., and D. L. Reddell. 1988. A stimulus response model
to predict crop yields due to water deficits. ASAE Paper No.
882514. St. Joseph, Mich.: ASAE.

Danforth, D. M., and P. F. O’Leary, eds. 1998. COTMAN expert
system version 5.0. Fayetteville, Ark.: Arkansas Agricultural Ex-
periment Station.

Fangmeier, D. D., D. J. Garrott, Jr., S. H. Husman, and J. Perez.
1989. Cotton water stress under trickle irrigation. Trans. ASAE
32(6): 1955-1959.

Garrott, D. J., Jr., D. D. Fangmeier, and S. H. Husman. 1988. Cot-
ton management using infrared thermometry. ASAE Paper No.
882506. St. Joseph, Mich.: ASAE.

Grimes, D. W., H. Yamada, and W. L. Dickens. 1969. Functions for
cotton (Gossypium hirsutum L.) production from irrigation and
nitrogen fertilization variables: I. Yield and evapotranspiration.
Agron. J. 61(5): 769-773.

Hearn, A. B., and G. A. Constable. 1984. Irrigation for crops in a
sub-humid environment: VII. Evaluation of irrigation strategies
for cotton. Irrig. Sci. 5(2): 75-94.

Hodgson, A. S., and K. Y. Chan. 1982. The effect of short-term wa-
terlogging during furrow irrigation of cotton in a cracking grey
clay. Australian J. Agric. Res. 33(1): 109-116.

Howell, T. A. 2000. Irrigation’s role in enhancing water use effi-
ciency. In Proc. 4th Decennial Natl. Irrig. Symp., 66-80. R. G.
Evans, B. L. Benham, and T. P. Trooien, eds. St. Joseph, Mich.:
ASAE.

Moore, J. F. 1994. Section 12: The classification of cotton. In Cot-
ton Ginners Handbook, 287-292. W. S. Anthony and W. D.
Mayfield, eds. Agricultural Handbook 503. Washington, D.C.:
USDA.

Pitts, D. J., R. E. Wright, J. A. Kimbrough, and D. R. Johnson.
1990. Furrow-irrigated cotton on clayey soil in the lower Missis-
sippi River valley. Applied Eng. in Agric. 6(4): 446-452.

Raine, S. R., and J. P. Foley. 2002. Comparing application systems
for cotton irrigation: What are the pros and cons? In Proc. 11th
Australian  Cotton Conf. Brisbane, Queensland, Australia.



937Vol. 50(3): 929−937

Available at: www.usq.edu.au/users/raine/index_files/Raine&
Foley_NatCottonConf2002.pdf. Accessed 23 January 2007.

Reddell, D. L., J. F. Prochaska, and A. J. Cudrak. 1987. Sequential
water stress in cotton: A stress day index model. ASAE Paper
No. 872080. St. Joseph, Mich.: ASAE.

Reginato, R. J. 1983. Field quantification of crop water stress.
Trans. ASAE 26(3): 772-775, 781.

Solomon, K. H. 1988. Irrigation systems and water application effi-
ciencies. Irrigation Notes. Fresno, Cal.: California State Univer-
sity Center for Irrigation Technology. Available at:
cati.csufresno.edu/cit/rese/88/880104/index.html. Accessed 20
October 2006.

Spurlock, S. R., and W. G. Gillis. 2000. Costs and returns for corn,
cotton, rice, soybeans, and wheat in Mississippi, 1998. Bulletin
1098. Mississippi State, Miss.: Mississippi State University, Di-
vision of Agriculture, Forestry, and Veterinary Medicine.

USDA-NASS. 2006. Quick stats: Agricultural statistics data base.
Washington, D.C.: USDA National Agricultural Statistics Ser-
vice. Available at: www.nass.usda.gov/QuickStats/. Accessed 20
October 2006.

Vories, E. D., and R. E. Glover. 2000. Effect of irrigation timing on
cotton yield and earliness. In Proc. Beltwide Cotton Conf.,
1439-1441. Memphis, Tenn.: National Cotton Council.

Vories, E. D., D. J. Pitts, and J. A. Ferguson. 1991. Response of cot-
ton to different soil water deficits on clay soil. Irrig. Sci. 12(4):
199-203.



938 TRANSACTIONS OF THE ASABE


