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AGRONOMY AND SOILS
Optimum Irrigation Termination Timing in Furrow Irrigated Cotton

Michael T. Plumblee*, Darrin M. Dodds, L. Jason Krutz, Angus L. Catchot Jr.,
J. Trenton Irby, and Johnie N. Jenkins

ABSTRACT

Properly terminating furrow irrigation
in mid-southern United States (U.S.) crops
could reduce irrigation costs, the likelihood of
adverse harvest conditions, and agricultural
withdrawal from the Mississippi River Valley
Alluvial Aquifer (MRVAA). This research was
conducted to determine an optimum termina-
tion window for furrow-irrigated cotton (Gos-
sypium hirsutum L.) in the mid-southern U.S.
The effects of irrigation termination timing on
cotton lint yield, net returns, and irrigation
water use efficiency (IWUE) were evaluated on
a Leeper silty clay loam (fine, smectitic, nonacid,
thermic Vertic Epiaquepts) and on a Dundee
silty clay (fine-silty, mixed, active, Typic En-
doaqualfs). Neither terminating nor continuing
to irrigate cotton from cutout (NAWF = 5) up
to three weeks past first cracked boll had an
effect on lint yield or fiber quality (p > 0.6107).
Irrigation water use efficiency declined when
water was applied past cutout (p < 0.0001).
Results indicate that irrigation in cotton can
be terminated at cutout without adversely ef-
fecting lint yield and fiber quality if soil water
potential does not exceed -130 kPa prior to first
cracked boll. Terminating irrigation in cotton
at cutout could reduce late season irrigation
cost and reduce water withdrawal from the
MRVAA thus improving it sustainability.
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Cotton producers have the tendency to irrigate
cotton after first cracked boll is observed. The
ideology behind this method is to increase lint yield
from upper fruiting positions on the plant; however,
up to 75% of lint yield originates from lower
fruiting branches (nodes 6-14) (Jenkins et al., 1990).
Irrigation applied to cotton late in the growing season
could result in several adverse effects such as hard
lock and rotted bolls, unfavorable harvest conditions,
added production costs, and increased withdrawal
from the Mississippi River Valley Alluvial Aquifer
(MRVAA). While adequate water to the plant either
through rainfall or supplemental irrigation at the
appropriate timing is crucial, irrigation termination
timing is not well defined (Vories et al., 2011). A
termination timing method based on crop growth, is
needed to maximize lint yield, irrigation water use
efficiency (IWUE), and net returns above irrigation
costs while reducing the likelihood of adverse effects.

The alarming rate at which the MRVAA has
declined due to agricultural withdrawal in the mid-
southern United States (U.S.) has increased the need
for ways to increase IWUE (Reba et al., 2014). A
strategy to eliminate unnecessary water use would be
to determine a time in which to terminate irrigation,
therefore resulting in reductions in water use. Water
savings up to 1 million ac-in could result by reducing
one, 4 ac-in, irrigation event on the 250,000 acres of
irrigated cotton in Mississippi alone (NASS, 2018).

Late season rainfall and irrigation in cotton can lead
to increases in hard-locked bolls and boll rot. Environ-
mental conditions that expose open bolls to increased
humidity or water are factors that have contributed up
to 35% hard-locked bolls and 4% boll rot in Georgia,
resulting in more than $32 million dollars in lost rev-
enue in 2003 (Williams-Woodward et al., 2003). Many
agronomic practices such as reducing seeding rate,
reducing nitrogen rate, selecting okra-leaf varieties,
and use of fungicides have been evaluated to reduce the
likelihood of hard-locked bolls and boll rot, however,
annual losses vary (Andries et al., 1970; Marois et al.,
2007). Reducing late season irrigation through proper
termination timing could inhibit or abate conditions
that promote hard-locked bolls and boll rot.
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Terminating furrow irrigation in cotton has been
determined by calendar date, plant growth stage,
and use of growing degree days (GDDs). Silver-
tooth et al. (1996) suggested that furrow irrigation
be terminated using GDDs, where the final irriga-
tion application should not occur past 333 GDDs
post-anthesis of harvestable bolls. Research from
Bourland et al. (1992) and Vories et al. (2001) based
irrigation termination on the number of nodes above
the upper most first-position white flower (NAWF).
Irrigation termination has also been determined by
a combination of heat unit accumulation (GDDs)
and crop development monitoring (NAWF), where
irrigation termination occurs when 350 GDDs past
cutout in northern Arkansas and 500 GDDs past
cutout in southern Arkansas has elapsed (Reba, et al.,
2012). While these methods may assist with irriga-
tion termination decisions, relying on GDDs can be
unreliable as temperatures decrease late in the season
but cotton plants continue to mature.

Terminating irrigation based on weeks follow-
ing cutout (NAWF =5) and first cracked boll could
reduce unnecessary irrigation costs late in the grow-
ing season. The cost of a single furrow irrigation
event, 2 to 4 ac-in, is $3.88 to $7.76/ac, therefore
saving one event late season could increase the profit
margin (Falconer et al., 2017). The incorporation of
an irrigation termination timing in which soil water
potential has no effect on lint yield or fiber quality,
delaying crop maturity, or result in unfavorable
field conditions at harvest would allow producers to
schedule final irrigation (Vories et al., 2011).

Research relating irrigation termination timing
in cotton to lint yield, fiber quality, and net returns is
limited in the Mid-South. The objectives of this study
were 1) to determine the optimum irrigation termina-
tion timing for furrow-irrigated cotton in the Mid-South
that maximizes lint yield and fiber quality and 2) to
determine an irrigation termination timing that reduces
irrigation costs and water withdrawal from the alluvial
aquifer. While maximizing lint yield is an important
objective from a producer standpoint, understanding
which termination timing is the most economical and
provides efficient use of water is essential.

MATERIALS AND METHODS

Research was conducted at the R.R. Foil Plant
Science Research Center near Starkville, MS

(33.475396° N, 88.769066°W) on a Leeper silty
clay loam (fine, smectitic, nonacid, thermic Vertic

Epiaquepts) and at the Delta Research and Educa-
tion Center near Stoneville, MS (33.436551° N,
90.910929° W) on a Dundee silty clay (fine-silty,
mixed, active, thermic Typic Endoaqualfs) from
2015 through 2017. Cotton was planted at 45,000
seeds/ac and a depth of 1 inch (Table 1). Plots con-
sisted of eight — 38-in rows that were 40-ft in length
in Starkville, MS and four — 40-in rows that were
40-ft in length in Stoneville, MS. Furrow irrigation
was applied using 15-in by 9-mil lay-flat polyeth-
ylene tubing (Delta Plastics, Little Rock, AR), with
delivery optimized with the Pipe Hold and Universal
Crown Evaluation Tool (PHAUCET version 8.2.20,
USDA-NRCS, Washington, DC) (Kebede et al.,
2014; Bryant et al., 2017). Flow rate at the field
inlet was determined with a McCrometer flow tube
with attached McPropeller bolt-on saddle flowmeter
(McCrometer Inc., Hemet, California). Treatments
were arranged in a randomized complete block
design with four replications. Cotton was irrigated
throughout the growing season based on current
extension recommendations (Allen et al., 1998) until
two weeks prior to first cracked boll which was based
on growing degree unit accumulation (2150 DDeo)
and overall crop condition (115 days after planting)
(Ritchie et al., 2004). At two weeks prior to first
cracked boll (Cutout), all plots were irrigated. On a
weekly basis after the initial blanket irrigation, irriga-
tion was terminated each week until three weeks after
first cracked boll. Irrigation was therefore terminated
at two weeks prior to first cracked boll, one week
prior to first cracked boll, at first cracked boll and
one, two, and three weeks after first cracked boll.

Management and Data Collection. Insect con-
trol, fertility, plant growth regulators, weed control,
and harvest aids were applied based on Mississippi
State University Extension recommendations (Bond
et al., 2017; Catchot et al., 2017; Dodds, 2017;
Dodds et al., 2017a). Data collection consisted of
plant height and number of nodes at harvest, lint
turnout, lint yield, and fiber quality. Cotton was
harvested using a spindle picker modified for small
plot research (Table 1). Lint turnout was determined
by harvesting a 25-boll sample by hand and ginning
on a 10-saw laboratory cotton gin (Continental Eagle
Corp., Prattville, AL). Seed and lint were weighed,
and lint turnout was calculated by dividing the
weight of lint by the total weight of seed plus lint.
Fiber quality was determined using a High-Volume
Instrument (HVI®) at the Fiber and Biopolymer
Research Institute, Lubbock, TX.
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Table 1. Planting and Harvest Dates for Starkville and Stoneville, MS 2015-2017

Starkville Stoneville
—2015- —2016— —2017- —2015- —2016— —2017-

Planting May 8 May 7 May 7 May 5 May 10 May 8

Variety ST 4946~ ST 4946 ST 4946 PHY 499Y DP 1639* ST 4946

Harvest Oct. 5 Oct. 24 Oct. 25 Sept. 30 Oct. 5 Oct. 3
Z Stoneville 4946 GLB2
Y Phytogen 499 WRF
* Deltapine 1639 B2XF

RESULTS

Economic Analysis. A partial budget was
generated to assess the economic costs of irrigation
setup and water application. Values were gener-
ated using the Mississippi State Cotton Planning
Budgets from 2015-2017. Operation costs such as
land planning, engine set up, ditching, rolling out
pipe, applying water, picking up pipe, land form-
ing, pumping, average labor and fuel costs were
included in the analysis to determine net returns ($/
ac). Net returns were determined by multiplying the
average cotton lint price for each year, 2015-2017,
by lint yield collected and subtracting irrigation
costs (USDA, 2017).

Statistical Analysis. Data for this study was
combined over years and analyzed using analysis of
variance (ANOVA) with the PROC GLM procedure
in SAS v.9.4 (SAS Institute, Cary, NC). Means were
separated using Fisher’s Protected LSD at the 0.05
level of significance.

Growing Season Rainfall and Irrigation. Rainfall
varied over years, but every potential irrigation treatment
was applied at least once over the course of the study
(Table 2). In Starkville in 2015 and 2016, rainfall ranged
from 24 and 67% below the 10-year average in August
and September, respectively (Table 2). However, in
2017 rainfall in Starkville during August and September
ranged 41 and 6% above the 10-year average, respec-
tively (Table 2). In Stoneville in 2015, rainfall ranged
from 73 and 78% below the 10-year average in August
and September, respectively (Table 2). In 2016 and 2017,
rainfall during August was 48 and 74% greater than the
10-year average, but September had 90 and 55% less
rainfall, respectively (Table 2). Based on these weather
conditions, less than average rainfall during the boll
maturation and initial irrigation termination periods were
observed in August and September in 2015 and 2016 in
Starkville and 2015 in Stoneville.

Table 2. Rainfall amounts for trial locations in Starkville, MS and Stoneville, MS

Starkville Stoneville
Month Week 2015 2016 2017 2015 2016 2017
Rainfall (in) Rainfall (in) Rainfall (in) Rainfall (in) Rainfall (in) Rainfall (in)
August 1 0.13 1.07 2.61 0.00 0.33 0.35
2 0.85 1.68 4.57 0.00 0.81 7.73
3 0.17 0.71 0.47 0.65 2.87 0.31
4 0.81 0.00 0.05 0.08 1.47 2.35
September 1 0.05 0.00 2.77 0.09 0.30 1.70
2 1.24 0.02 1.02 0.55 0.00 0.75
3 0.03 2.73 0.63 0.12 0.04 0.91
4 0.18 0.00 0.43 0.03 0.00 0.03
October 1 0.03 0.00 0.00 0.00 0.00 0.24
2 0.42 0.00 0.67 0.21 0.00 0.07
3 0.00 0.04 0.34 0.00 0.19 0.22
4 2.02 0.00 1.18 5.28 0.01 1.37
Total 5.93 6.25 14.74 6.98 6.02 16.03
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Termination Timing on Lint Yield, Fiber Qual-
ity, and Plant Growth Parameters. The primary
hypothesis of this study is that producers should not
irrigate past first cracked boll on Mid-South soils and
that producers may be able to terminate irrigation
earlier than first cracked boll. Irrigation termination
timing did not impact cotton height at harvest, number
of nodes at harvest, lint turnout, lint yield, micronaire,
fiber length, fiber uniformity, fiber strength, or fiber
elongation in any year or location (p > 0.6107) (Table
3). Previous research conducted in the mid-southern
and southeastern U.S. by Vories et al. (2002) and Porter
et al., (2014) agrees with the findings of this research,
where differences in lint yield for extended irrigation
applications were variable and not reliable, and that
neither lint yield or lint turnout was affected by ir-
rigation termination timing. In addition, \Vories et al.
(2011) reported that no differences in fiber quality were
observed due to varying irrigation termination timings
and no consistent trend relating fiber quality to final
irrigation was observed (Table 3). However, research
conducted by Silvertooth et al. (2006) found that lint
yield and micronaire values consistently increased with
later irrigation termination dates. These results were
derived from Arizona where supplemental irrigation
is necessary to produce cotton, and rainfall is limited.

Furthermore, Silvertooth et al. (2006) reported that irri-
gation termination after cutout provided the greatest lint
yield and optimum micronaire. These results suggest
that current recommendations of irrigation termination
in Mississippi may be near optimum.

Though irrigation termination timing did not have
an effect on plant growth parameters, lint turnout, lint
yield, or fiber quality, these results suggest that when
adequate rainfall in the mid-southern U.S. has occurred
there is no additional benefit to irrigating beyond the
current irrigation termination recommendation of first
cracked boll (Table 4). Furthermore, these results
suggest that irrigation could be terminated two weeks
prior to first cracked boll (cutout) without observing a
negative effect on plant growth, lint turnout, lint yield,
or fiber quality. Typical furrow irrigation events apply
between 2 and 4 in/ac of water. Irrigation costs associ-
ated with furrow irrigation in cotton are estimated at
approximately $1.94 per ac-in. Therefore, by reducing
one irrigation event at the end of the growing season,
cost savings between $3.88 to $7.76 per acre could
occur, Table 5 (Falconer etal., 2017). Earlier irrigation
termination may assist in the reduction of water with-
drawal from the alluvial aquifer and reduce the likeli-
hood of creating unfavorable harvest conditions while
maintaining plant growth, lint yield, and fiber quality.

Table 3. Analysis of variance probability values for irrigation termination timing for Starkville and Stoneville, MS 2015-

2017
Ht.at  Nodes at - -~ v ceu q " Irrigation  Net
Harvest' Harvest* Turnout LintYield Mic, Leng, Unif, Stren, Elon, IWUE Cost Returns
p-values?
Timing 0.9945 0.9197 0.9755 0.7583 0.8178 0.9103 0.6107 0.7611 0.8406 <0.0001 <0.0001 0.8351

z Data pooled across year and location.
Y Plant height at harvest.

X Total plant nodes at harvest.

W Micronaire.

V Fiber length.

t Fiber strength.
$ Fiber elongation.

! Fiber uniformity.

Table 4. Means for plant growth parameters, lint turnout, lint yield, and fiber quality for irrigation termination timing in

Starkville, MS and Stoneville, MS 2015-2017

Timing* Hl:l_t",;tty‘ Egg::;i Turnout Lint Yield Mic,"” Leng," Unif," Stren,' Elon.®
------ in ----- -- number -- ----- % ----- ----Ib/ac ---- ---- mic ---- -----in ----- ----- % ---—- - gram/tex - ----- % -----
2 Wk before CB 40.6 19.8 0.420 1302 4.68 1.15 83.6 33.2 7.48
1 Wk before CB 40.6 19.5 0.421 1273 4.77 1.15 83.9 32.7 7.43
Cracked Boll 40.1 19.5 0.423 1220 4.74 1.15 83.4 33.3 7.56
1 Wk after CB 39.5 19.3 0.424 1273 4.82 1.15 83.8 333 7.48
2 Wk after CB 40.1 19.5 0.424 1321 4.78 1.15 83.7 33.1 7.50
3 Wk after CB 39.3 20.0 0.422 1338 4.72 1.15 83.5 33.1 7.63

N

Data pooled across year and location.
Y Plant height at harvest.

* Total plant nodes at harvest.

W Micronaire.

V Fiber length.

Y Fiber uniformity.
t Fiber strength.
 Fiber elongation.
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Table 5. Irrigation water use efficiency (Ib lint/ac-in) and net returns ($/ac) for 2015-2017

IWUE Irrigation Cost Net Returns?
Termination Timing - Ib lint/ac-in $/ac $/ac
Cutout 372a 6.79 £ 868 a
1 Wk after Cutout 182 b 13.58 ¢ 842 a
Cracked Boll 116 ¢ 20.37d 799 a
1 Wk after CB 91 cd 27.16 ¢ 828 a
2 WK after CB 76 de 33.95b 853 a
3 Wk after CB 64 e 40.74 a 857 a

CONCLUSION

The objective of this study were to determine
the optimum irrigation termination timing for furrow
irrigated cotton in the Mid-South that maximizes lint
yield and fiber quality and reduces irrigation costs
and water withdrawal from the alluvial aquifer. Ter-
minating irrigation at cutout (two weeks prior to first
cracked boll) when adequate soil moisture or rainfall
is present maximized plant growth parameters, lint
turnout, lint yield, and fiber quality. In this study,
there was no benefit from terminating irrigation
after cutout (two weeks prior to first cracked boll).
Overall, irrigation termination timing should be
based on specific environmental conditions, where
factors such as soil moisture content and rainfall
should be considered prior to irrigation termination
timing. However, reductions in irrigation costs and
reducing the likelihood of creating an environment
favorable for adverse conditions may be observed
with earlier irrigation termination timings.
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