
Effects of soil and foliar potassiumEffects of soil and foliar potassiumEffects of soil and foliar potassiumEffects of soil and foliar potassiumEffects of soil and foliar potassium

status and water deficit on cottonstatus and water deficit on cottonstatus and water deficit on cottonstatus and water deficit on cottonstatus and water deficit on cotton

physiology and yieldphysiology and yieldphysiology and yieldphysiology and yieldphysiology and yield

D.L. Coker and D.M. Oosterhuis
University of Arkansas, Department of Crop, Soil, and Environmental Sciences,

Fayetteville, Arkansas UNITED STATES OF AMERICA
Correspondence author oosterhu@uark.edu



708708708708708

Effects of soil and foliar potassium status and water deficit on cotton physiology and yield

ABSTRACTABSTRACTABSTRACTABSTRACTABSTRACT

Limited information exists about the impact of water
deficit stress and K deficiency on cotton
(Gossypium hirsutum L.) lint yield and mid-season
growth.  Field studies were conducted over four
growing seasons in three locations to test the hy-
pothesis that the physiological response to the
onset of K deficiency in cotton, dry matter accu-
mulation, and the efficacy of foliar-applied K were
directly affected by the plant water status.  Eight
treatment combinations of well-watered or dryland
conditions, high or low soil K, and with or without
foliar-applied K were arranged in a split-split plot
design with six replications.  Lint yield averaged
over four growing seasons in both Mississippi Delta
locations in Arkansas tended to respond to soil-
applied K only under well-watered conditions.  Lint
yield increased by a greater margin in response to
foliar-applied K under the low versus the high soil
K level.  No difference was observed in lint yield
response to foliar-applied K under irrigated or dry-
land conditions.  In 2002, leaf glucose, fructose
and sucrose concentrations responded to foliar K
applications in K-deficient and water-stressed plots
at three weeks after first flower; whereas, glucose
and fructose concentrations in leaves from high K
plots were reduced under well-watered conditions.
Potassium deficiency increased leaf membrane
leakage and reduced photosynthesis under well-
watered conditions at the same stage of growth.
Although the components of leaf gas exchange
responded inconsistently to soil and foliar-applied
K across seasons, K deficiency had a more nega-
tive impact on lint yield of cotton grown under irri-
gated as compared to dryland conditions.  The
use of appropriate pre-plant, soil-applied K fertil-
izer rates may be particularly important to maxi-
mize cotton yields under irrigated conditions.  In
contrast, foliar-applied K, which can stimulate root
uptake of soil K, can be beneficial to cotton-lint
yield under dryland or irrigated conditions depend-
ing on pre-plant soil test K values.

IntroductionIntroductionIntroductionIntroductionIntroduction

Proper potassium nutrition is essential for opti-
mal crop productivity in cotton and requires that defi-
ciencies be avoided.  A review of the literature shows
that K is critically needed for maintaining plant water
relations (Kramer and Boyer, 1995), activating enzymes,
supporting photosynthetic systems (Kerby and Adams,
1985), and translocating sugars and starch out of leaves

(Bednarz and Oosterhuis, 1999).

The change to modern cotton cultivars which fruit
in a shorter period of time, mature earlier, and have
greater total K requirements has placed an emphasis
on understanding plant uptake and utilization of K
throughout the growing season (Oosterhuis, 1995).
Although K may be taken up in luxury amounts by the
cotton plant prior to peak demand, sporadic K defi-
ciencies often occur late in the growing season in Ar-
kansas when the large developing boll load becomes
the dominant sink for available K and the rate of root
growth decreases.  Factors that interfere with the strong
source-sink relationship of K in cotton will directly influ-
ence the efficiency of K use and the potential for high
lint yields (Mullins, 1990; Oosterhuis, 1995).  Although
yield and economic advantages of timely foliar-K ap-
plications to supplement soil-applied K have been docu-
mented, (Oosterhuis, 1999; Weir, 1999), the impact of
mid-season water-deficit stress on the efficiency of fo-
liar-K uptake and yield response to foliar-K fertilization
needs further investigation.

We hypothesized that the crop water status would
change K partitioning in the plant and directly affect
the efficiency or benefit from foliar-applied K.  There-
fore, our first objective was to determine the effect of
water deficit and K deficiency stress on mid-season
physiology, adsorption, translocation and general effi-
cacy of foliar-applied K.  A second objective was to
investigate cotton lint yield response to foliar-applied K
under irrigated (well-watered) and dryland (water-
stressed) conditions with (high K) or without (low K) pre-
plant, soil-applied K fertilizer.

Experimental procedureExperimental procedureExperimental procedureExperimental procedureExperimental procedure

Cotton growth, K partitioning, physiology, and
lint yield under varying water levels and K fertility were
studied in 1999 in field plots located at Rohwer (Coker
and Oosterhuis, 1999), in 2000 at Clarkedale and
Rohwer (Coker and Oosterhuis, 2000), in 2001 at
Clarkedale (Coker et al., 2002) and at Fayetteville in
2002.  This report describes the 2002 study with refer-
ence to the previously conducted studies (cited above)
with identical treatments.  Eight treatment combinations
of well-watered (irrigated) or dryland (non-irrigated)
conditions, high (preplant, soil-applied K) or low-soil K
(unfertilized or no preplant K), and with or without fo-
liar K were arranged in a split-split plot design with five
or six replications.

In 2002, the cultivar Suregrow 215 BR was
planted on a well-drained Captina silt loam (fine-silty,
mixed, mesic Typic Fragiudults) on the Main Agricul-
tural Experiment Station Farm located in Fayetteville,
AR.  Each plot consisted of four, 9 m long rows spaced
1 m apart.  Pre-plant granular KCl fertilizer was hand
broadcast to designated plots (high soil K) prior to plant-
ing at recommended rates based on University of Ar-
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kansas fertilizer recommendations for cotton.  The av-
erage Mehlich 3 extractable soil K was 270 kg K/ha
(Table 3).  Preplant K fertilizer application rates ranged
from 46 to 90 kg K/ha.  Foliar KNO3 was applied (4.9
kg K2O/ha/week or 11.2 kg KNO3/ha) for four con-
secutive weeks starting one week after first flower with
a CO2 backpack sprayer calibrated to deliver 93.5 l/
ha.  Irrigation events were scheduled in well-watered
plots according to the University of Arkansas Irrigation
Scheduling Program.  An infrared thermometer was
used to measure the temperature of the uppermost,
full-expanded main-stem node leaves starting at the
first flower stage in all plots to monitor plant stress (data
not shown).  At major phenological stages, measure-
ments were made of photosynthesis, soluble carbohy-
drates and membrane integrity in the uppermost fully-
expanded leaves.  Final lint yield and components of
yield were determined from each plot by hand picking
a 1 m length from each of the two center rows and
counting and weighing the bolls.  Lint yield and com-
ponents of yield comparisons were made using the SAS
General Linear Model procedure and PDIFF option
within LSMEANS statements.

ResultsResultsResultsResultsResults

Leaf sugarsLeaf sugarsLeaf sugarsLeaf sugarsLeaf sugars
At three weeks after first flower, glucose, fructose

and sucrose concentrations were lower (p#0.05) in
leaves from foliar-K treated plots at the low soil K but
not the high soil K level (Table 1).  Glucose, fructose,
and sucrose concentrations were lower (p#0.05) in
leaves from plots receiving foliar-applied K compared
to plots without foliar-applied K under the dryland but
not the well-watered condition at first flower plus three
weeks.  Glucose and fructose concentrations in leaves
were lower (p#0.01) in high K, irrigated but not rainfed
plots at three weeks after first flower.  When averaged
over water and foliar-K treatments, leaf glucose and
fructose concentrations were lower (p#0.05) in high K
plots at first flower plus three weeks (Table 2).

Leaf membrane integrityLeaf membrane integrityLeaf membrane integrityLeaf membrane integrityLeaf membrane integrity
At three weeks after first flower, leaf membrane

leakage was reduced under high-soil K, well-watered
(p#0.05) conditions but not under water-stressed con-
ditions (Figure 1).

Leaf photosynthesisLeaf photosynthesisLeaf photosynthesisLeaf photosynthesisLeaf photosynthesis
Leaf photosynthesis responded (p#0.05) to fo-

liar-applied K under the low but not the high soil K
level at three weeks after first flower (Figure 2).  Foliar-
applied K increased (p#0.05) leaf photosynthesis at
three weeks after first flower under irrigated but not
dryland conditions (Figure 3).  Pre-plant soil-applied K
increased photosynthesis (p#0.05) under well-watered
but not water-stressed conditions at three weeks after
first flower (Figure 4).

Lint yieldLint yieldLint yieldLint yieldLint yield
Although we observed similar yield responses to

soil-applied K at Fayetteville in 2002, the yield responses
to foliar-applied K were noticeably greater compared
to responses observed during previous seasons at
Rohwer or Clarkedale (Table 3).  Foliar-applied K in-
creased lint yield (p#0.05) by 236 kg/ha when pre-
plant K fertilizer was applied (high soil K).  When pre-
plant K fertilizer was not applied (low soil K), the mean
lint yield response to foliar-applied K was approximately
101 kg/ha, although it was not statistically different from
lint yield without foliar applied K.  Thus far, our studies
have shown a small lint yield increase to foliar-applied
K when preplant K was not applied (low soil K) as op-
posed to when preplant K fertilizer was applied (high
soil K) when averaged across all three-test sites during
the past four years.  In 2002, cotton lint yields were
significantly greater (p#0.05) when foliar K applica-
tions were made to dryland (rainfed or non-irrigated)
cotton, but not to irrigated cotton (Table 3).  However,
when averaged across all three-test sites, dryland-cot-
ton lint yields have tended to show slightly greater re-
sponse to foliar K application as compared to irrigated-
cotton yields.  Lint yield response to soil-applied K was
significant (p#0.05) for irrigated (well-watered) cotton
and tended to be positive, although not statistically sig-
nificant, under dryland conditions in 2002.  Across all
locations and growing seasons, soil-applied K (high
soil K) increased the mean irrigated cotton lint yield by
5.9%, but had no significant effect on dryland-cotton
yields in our studies.

ConclusionsConclusionsConclusionsConclusionsConclusions

Our studies have shown that mid-season K defi-
ciency stress in cotton inhibits sugar translocation, pho-
tosynthesis, and other metabolic processes critical for
fiber quality and yield, particularly under well-watered
conditions.  Strong consideration should be given to
the pre-plant soil K status when making decisions about
foliar K fertilization.  Studies during the past three years
show significant responses to foliar-applied K on soils
with pre-plant soil test K <280 kg K/ha, which sup-
ports our previous findings (Oosterhuis, 1995).  Our
results also show that the potential for foliar-K feeding
to increase cotton lint yield of dryland (non-irrigated)
cotton is similar to if not better than that observed for
irrigated cotton in the U.S. Mid-South.  Physiologically,
this was evidenced in part by lower concentrations of
glucose, fructose, and sucrose in leaves under water-
stressed as compared to well-watered conditions dur-
ing peak boll development.

Our current studies also show that soil-applied K
fertilizer was beneficial to cotton-lint yields produced
under irrigated, but not necessarily dryland conditions
in plots where the pre-plant soil test K values ranged
from medium to high (>280 kg K/ha, Mehlich 3 soil
K).  Hence, the use of appropriate pre-plant, soil-ap-
plied K fertilizer rates may be particularly important to
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maximize cotton yields under irrigated conditions.  In
contrast, foliar-applied K, which can stimulate root up-
take of soil K, can be beneficial to cotton-lint yield un-
der dryland or irrigated conditions depending on pre-
plant soil test K values.
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TTTTTable 1.able 1.able 1.able 1.able 1. Sugar concentration at three weeks after first flower in uppermost leaves of field-grown
cotton cv. �SG 215 BR� to foliar-applied K averaged over the water and soil K treatments
(Fayetteville, 2002).

TTTTTable 2.able 2.able 2.able 2.able 2. Sugar concentration in uppermost leaves of field-grown cotton cv. �SG 215 BR� at three
weeks after first flower to soil-applied K averaged over the water and foliar-applied K
treatments (Fayetteville, 2002).
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TTTTTable 3.able 3.able 3.able 3.able 3. Yield response of field-grown cotton over four seasons to mid-season foliar K and pre-plant
soil-applied K averaged over the water, soil K, and foliar K treatments respectively (Rohwer,
1999 and 2000; Clarkedale 2000 and 2001; Fayetteville 2002).
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Figure 1.Figure 1.Figure 1.Figure 1.Figure 1.
Effect of soil K deficiency
on leaf membrane
integrity under well-
watered and water-
stressed conditions at
three weeks after first
flower (Fayetteville, AR
2002).

Figure 2.Figure 2.Figure 2.Figure 2.Figure 2.
Photosynthesis response
to foliar-applied K under
high and low soil K at five
weeks after first flower
(Fayetteville, AR 2002).

Figure 3.Figure 3.Figure 3.Figure 3.Figure 3.
Effect of foliar-applied K
on leaf photosynthesis
under well-watered and
water-stressed conditions
at five weeks after first
flower (Fayetteville, AR
2002).
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Figure 4.Figure 4.Figure 4.Figure 4.Figure 4.
Effect of soil K level on
leaf photosynthesis under
well-watered and water-
stressed conditions at
three weeks after first
flower (Fayetteville, AR
2002).




