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ABSTRACTABSTRACTABSTRACTABSTRACTABSTRACT

Soil erosion has been attributed to the reduction in
productivity and hence a threat to the sustainability
of cotton (Gossypium hirsutum, L.) in the south-
east USA cotton belt.  The adoption of no-till (NT)
conservation tillage to reduce soil erosion in cot-
ton production systems in the southeast USA has
been slowed down by reports of reduced seedling
emergence, poor plant establishment, reduced
growth, delayed maturity, and low yields.  Our ob-
jectives were to evaluate the effects of NT and
mulch-till (MT) conservation tillage systems with
winter rye (Secale cereale L.) cover cropping sys-
tem (WR) and poultry litter (PL) as a N source on
growth and yields of cotton in north Alabama, from
1996 to 2002.  Winter rye cover cropping increased
surface residue cover by 20% to 30%, 50% to 70%,
and 80% to 100% in conventional till (CT), MT,
and NT systems, respectively.  Cotton seedling
counts under NT were 40% to 150% greater than
those under CT, while WR and PL treatments had
up to 50% greater seedling counts than cotton-
winter fallow cropping (CF) and ammonium nitrate
(AN) treatments, respectively, during the first 4 days
of seedling emergence.  Cotton lint yield under NT
was 24%, 7%, 24%, and 8% significantly greater
than that under CT in 1997, 1998, 2000, and 2001
respectively.  Cover cropping increased cotton lint
yields by 6% to 12% compared to CF in 2000 and
2001.  Poultry litter and AN at 100 kg N ha-1 gen-
erally gave similar cotton lint yields, whereas at
200 kg N ha-1 from PL, lint yields were 25% to 38%
significantly greater than those at 100 kg N ha-1

in the form of AN or PL.  Improved soil moisture
conservation in NT and PL plots was largely re-
sponsible for improved lint yields.  Soil erosion es-
timates under NT and MT averaged 50% of the 11
t ha-1 yr-1 tolerance level for the Decatur silt loam
soils, with or without winter rye cover cropping or
N fertilization.  At each level of N, soil erosion es-
timates in NT were below 5 t ha-1 yr-1 compared to
over 18 t ha-1 yr-1 under CT in both years.  Plots
which received N in the form of PL had signifi-
cantly less soil erosion estimates than plots which
received the same amount of N in the form of AN.
Residual N from PL applied to cotton produced up
to 10 Mg ha-1 of corn grain yield in 1999 and
2002 without additional fertilizer.  Poultry litter
applied to cotton also increased grain quality of
rotational corn which was shown by up to 100%
increase in grain N content.  Over the duration of

the study, conservation tillage and PL had signifi-
cant cumulative positive effects on the amount of
biomass produced by the winter rye cover crop.
This study shows that with WR and PL, NT can be
successfully used to improve cotton emergence,
growth, and lint yield, while reducing soil erosion.
These results are important to cotton production
systems worldwide, where soil productivity is threat-
ened by erosion.

IntroductionIntroductionIntroductionIntroductionIntroduction

In the last decade, cotton yields in the southeast
USA, which includes the states of Alabama, Florida,
Georgia, North Carolina, South Carolina, and Virginia
have been relatively static or declining, despite the use
of varieties capable of giving higher yields.  This has
mainly been attributed to soil erosion, declining soil
organic matter, and occasional droughts.  Conserva-
tion tillage systems such as NT have been recommended
to address these problems.  However, despite the ben-
efits of conservation tillage such as reduced soil ero-
sion, soil moisture conservation, and reduced opera-
tional costs, its adoption on cotton farms in the south-
east USA region has generally been slow.  When some
of these fields were shifted to NT production systems in
recent years with the objective of reducing soil erosion,
a severe compaction layer of 5 to 10 cm depth devel-
oped on the surface, leading to poor seedling emer-
gence, root penetration problems, less vigorous seed-
lings, stunted growth, and poor yields (Schertz and
Kemper, 1994; Triplett et al., 1996).  In some cases,
NT has been found to lower soil temperature, which
may reduce seedling emergence and growth of cotton
(Stevens et al., 1992; Nyakatawa and Reddy, 2001).
Therefore, most of the 3.6 million acres under cotton
production in the southeast USA are therefore, largely
under CT system.  This usually involves moldboard or
chisel plowing and leaving the soil bare in the fall, fol-
lowed by disking and or harrowing in the spring, which
make the soil susceptible to erosion and depletion of
organic matter.

There are a number of factors, which make NT
perform differently on cotton compared to crops such
as wheat (Triticum spp), corn and soybean (Glycine max
L.), which generally have had success with NT.  Cotton
does not produce enough residues to supply the car-
bon necessary to increase soil organic matter and im-
prove soil tilth and structure in the seed zone.  In addi-
tion, cotton residues do not last long after harvest to
protect the soil from erosion and reduce loss of soil
moisture from evaporation.  Therefore, without addi-
tional residues to supplement that from cotton, soils
under NT cotton may develop a crust at the surface
and a compacted layer in the top 5 to 10 cm.  The
inclusion of winter cover crops in no-till cotton produc-
tion systems can provide crop residues to make con-
servation tillage cotton production systems comply with
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the standards set by the Natural Resource Conserva-
tion Service (Bauer and Busscher, 1996; Daniel et al.,
1999).   The benefits of additional residues from the
cover crops include improving soil water retention in-
creasing soil organic matter, and reducing soil erosion
(Schertz and Kemper, 1994; Bradley, 1993; Nyakatawa
et al., 2001).  Winter cover crops may also reduce ni-
trate leaching to the groundwater by picking up excess
nutrients from the summer cotton crop (Brandi-Dohrn
et al., 1997; Logsdon et al., 2002).

Corn, which is an important crop for the south-
east USA, can be grown as a summer crop in rotation
with cotton to break the life cycles of major cotton in-
sect pests and diseases.  Corn also supplies additional
residues to increase soil organic matter in conserva-
tion tillage cotton production systems (Reeves, 1997).
Use of poultry litter (PL), which improves soil physical
and chemical properties such as soil water holding
capacity, soil aeration, and soil organic carbon com-
pared to inorganic sources of N such as ammonium
nitrate, can reduce the problems associated with use
of conservation tillage in cotton.  The southeast USA
produced in excess of 3 billion broilers in the year 2001
(USDA-National Agricultural Statistics Services, 2002).
Therefore, application of PL to cotton will provide an
environmentally friendly way of disposing of the large
quantities of poultry waste in this region which is al-
ready experiencing problems of safe disposal of this
product.  The objectives of this study were to evaluate
the effects of NT and MT conservation tillage systems
with winter rye cover cropping and PL as a source of N,
on seedling establishment, growth and yield of cotton
and corn rotational crops on a Decatur silt loam soil in
north Alabama.

Experimental procedureExperimental procedureExperimental procedureExperimental procedureExperimental procedure

Study locationStudy locationStudy locationStudy locationStudy location
A field study was conducted at the Alabama Ag-

ricultural Experiment Station, Belle Mina, Alabama (34o

41' N 86o 52' W) on a Decatur silt loam soil (clayey,
kaolinitic thermic, Typic Paleudults) from 1996 to 2001.

TTTTTreatments and experimentalreatments and experimentalreatments and experimentalreatments and experimentalreatments and experimental
designdesigndesigndesigndesign

The treatments consisted of three tillage systems:
conventional till (CT), mulch-till (MT), and no-till (NT);
two cropping systems: cotton-winter fallow, (cotton in
summer and fallow in winter) and cotton-winter rye
sequential cropping, that is cotton in summer and rye
(Secale cereale L.) in winter; three N levels: 0, 100,
and 200 kg N ha-1 and two N sources: ammonium
nitrate (AN) and poultry litter (PL).  Ammonium nitrate
was used at one N rate (100 kg N ha-1), which is the
recommended rate for cotton in the Tennessee Valley
region.  The experimental design was a randomized
complete block design with four replications.  Plot size
was 8 m wide and 9 m long, which resulted in eight
rows of cotton, 1 m apart.

Conventional tillage included moldboard plow-
ing in November and disking in April.  A field cultivator
was used to prepare a smooth seedbed after disking.
Mulch-till included tillage with a field cultivator before
planting to destroy and partially incorporating crop resi-
dues to a depth of 5 to 7 cm.  No-till included planting
into un-tilled soil using a no-till planter.  During the
season, a row cultivator was used for controlling weeds
in the CT system, while spot applications of Roundup
herbicide (glyphosate) [isopropylamine salt of N-
(phosphonomethyl) glycine] were used to control weeds
in the NT and MT systems.

The N content for the PL was determined by di-
gesting 0.5 g samples using the Kjeldhal wet digestion
method (Bremner and Mulvaney, 1982) and followed
by N analysis using the Kjeltec 1026 N Analyzer (Kjeltec,
Sweden).  The amounts of PL to supply 100 and 200
kg N ha-1 were calculated each year based on the N
content of the PL.  A 60% adjustment factor was used
to compensate for the N availability from PL during the
first year (Keeling et al., 1995).  The PL was broadcast
by hand and incorporated to a depth of 5 to 8 cm by
pre-plant cultivation in CT and MT systems, whereas in
NT system it was not incorporated.  The AN and PL
were applied to the plots one day before cotton plant-
ing.  The experimental plots received a blanket appli-
cation of a 0-20-20 fertilizer to nullify the effects of P
and K applied through PL at the beginning of the study
in fall 1996 and 2000.

Cropping scheme and plantingCropping scheme and plantingCropping scheme and plantingCropping scheme and plantingCropping scheme and planting
methodsmethodsmethodsmethodsmethods

The cropping scheme and planting dates for the
cotton, corn, and winter rye crops are presented in Table
1.  The winter rye cover crop, variety Oklon, was planted
in fall and killed by Roundup herbicide about 7 d after
flowering in spring of 1997, 1998, 2000, and 2001.
A Tye (Glascock Equipment and Sales, Veedersburg,
IN) no-till grain drill was used to plant the rye cover
crop at 60 kg ha-1.  The cover crop did not receive any
fertilizer.   Cotton variety Deltapine NuCOTN 33B was
planted in all plots at 16 kg ha-1, using a no-till planter.
A herbicide mixture of Prowl [pendimethalin, N-(1-
ethylpropyl)-3,4-dimethyl-2-6,-dinitrobenzenamine] at
2.3 L ha-1, Cotoran [fluometuron, 1,1- dimethyl-3-
(a,a,a-trifluoro-m-tolyl) urea] at 3.5 L ha-1, and
Gramoxone extra (paraquat, 1,1�-dimethyl-4,4�-
bipyridinium ion) at 1.7 L ha-1 was sprayed on all plots
before planting for weed control.  In addition, all plots
received a band application of 5.6 kg ha-1 Temik
[aldicarb, 2-methyl-2-(methylthio)-propionaldehyde O-
(methylcarbamoyl)oxime] for the early season control
of thrips.  The growth regulator, Pix (1,1-dimethyl-
piperidinium chloride), at 0.8 kg ha-1 was applied to
cotton to reduce vegetative growth at about 2.5 months
after planting.  The cotton was defoliated with Finish [a
mixture of ethephon ((2-chroroethyl) phosphoric acid)
and cyclanilide (1-(2,4-dichlorophenylaminocarbo-
nonly) cyclopropane carboxylic acid] at 2.3 l ha-1 and
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Def (S,S,S-tributyl phosphorotrithioate) at 0.6 kg ha-1

two weeks before the first harvest.  In 1999 and 2001,
a rotational corn crop, variety Dekalb 687TM was planted
in all plots at a planting density of 75,000 plants ha-1

using a no-till planter.

Plant data collectionPlant data collectionPlant data collectionPlant data collectionPlant data collection
Immediately after cotton seeding, surface resi-

due cover (SRC) was measured in all plots using the
Camline transect method (Reddy et al., 1994) in each
year.  Cotton data collected were: days to squaring,
days to flowering, days to maturity, plant height, leaf
area index (LAI), canopy cover, surface (top 10 cm) root
biomass, number of squares per plant, number of bolls
per plant at harvest, leaf N concentration, above ground
biomass and seed cotton yield.  Corn data collected
were: plant height, LAI, leaf N concentration, stover
and grain yields.  Winter rye data collected were: plant
height, LAI, leaf N concentration, and above ground
biomass.  Corn grain weights were adjusted for mois-
ture content of 15.5%.  Leaf area index was measured
from the central four rows of each plot using the
AccuPAR linear ceptometer (Decagon Devices, Pullman,
WA).

Cotton seedling emergence, soilCotton seedling emergence, soilCotton seedling emergence, soilCotton seedling emergence, soilCotton seedling emergence, soil
temperature and soil moisture datatemperature and soil moisture datatemperature and soil moisture datatemperature and soil moisture datatemperature and soil moisture data
collectioncollectioncollectioncollectioncollection

During the first 4 d of cotton seedling emergence,
soil temperature, volumetric soil water content, and
seedling counts were determined daily in each plot.
Soil temperature and volumetric soil water in the top 7
cm of the soil were determined around midday by tak-
ing an average of four readings randomly taken from
each plot, one block at a time, using Weksler soil ther-
mometers (Weksler Instrument Corp., Freeport, N.Y.)
and the Delta T soil water probe (Delta-T Devices, Cam-
bridge, England), respectively.

Soil erosion estimationSoil erosion estimationSoil erosion estimationSoil erosion estimationSoil erosion estimation
Soil erosion was estimated using the Revised

Universal Soil Loss Equation computer model.  The
model calculates the average annual soil erosion on
field plots from the equation A = R.K.LS.C.P (Wischmeier
and Smith, 1978), where A = predicted long-term av-
erage of annual sheet and rill soil loss from a defined
slope (t ha-1 yr-1), R = rainfall-runoff erosivity factor
{(hundreds of ft-tons) inch acre-1 hr-1 yr-1}, K = soil erod-
ibility factor as measured under unit plot conditions
{tons acre-1 (hundreds of ft tons acre-1 inch hr-1)-1}, LS
= the erosion impact of the slope length (L) and steep-
ness (S) on erosion in comparison to unit plot condi-
tions (dimensionless), C = the erosion impact of cover
and management schemes on erosion in comparison
to unit plot conditions (dimensionless),  and P = the
erosion impact of conservation support practices (e.g.
contour tillage, strip cropping, terraces, and drainage)
on erosion in comparison to unit plot conditions (di-
mensionless).

Soil data collection and analysisSoil data collection and analysisSoil data collection and analysisSoil data collection and analysisSoil data collection and analysis
Soil samples were collected from the experimen-

tal plots before rye seeding in Fall 1996 to determine
soil chemical status before imposing the treatments.
Twenty-four soil cores, each 5 cm in diameter, were
randomly collected from each of the four replications
using a tractor powered hydraulic probe.  The soils were
composited by replication and by depths of 0-15, 15-
30, 30-60, and 60-90 cm.  After starting the experi-
ment, each year, before seeding and after harvesting
of cotton, four soil cores were collected from the four
central rows of each plot and composited by plot and
by depths as before.  The soils were air-dried and
ground to pass through a 2 mm sieve before analysis.
Soil pH was measured using a glass electrode con-
nected to the Orion A290 pH meter (Orion Research
Inc., Boston, MA) in a 1:1 soil:water suspension.   Soil
organic matter was determined by the wet oxidation
method of Walkley and Black (1934).   The soil NH4

and NO3 were measured colorimetrically using the BIO-
RAD Model 550 Microplate Reader (Bio-Rad Laborato-
ries, Hercules, CA) and Ion Chromatography analyti-
cal methods after extraction in a 1:10 soil: 1M KCl so-
lution (Keeney and Nelson, 1982;  Sims et al., 1995).
The extractable P was also determined colorimetrically
using the Microplate Reader and Inductively Coupled
Plasma analytical methods after extraction in a 1:10
soil:Mehlich III solution (Murphy and Riley, 1962;
Mehlich, 1984).   Measurements for both N and P us-
ing the microplate reader were made with a 655 nm
wavelength filter with the reference filter set at 415 nm
(Murphy and Riley, 1962).

Statistical analysisStatistical analysisStatistical analysisStatistical analysisStatistical analysis
The data were statistically analyzed using Gen-

eral Linear Model procedures of the Statistical Analysis
System (SAS ver.  8e, 2001).  Treatment means for till-
age x cropping and N x cropping system treatment in-
teractions were evaluated using the least significant
difference (LSD) mean separation procedure.  Simple
contrast analysis method was used to compare main
effect means of tillage, cropping systems, and N treat-
ment.  Correlation analysis was used to determine the
association between surface residue cover (SRC), soil
temperature, volumetric soil moisture content, and cot-
ton growth and yield parameters.

Results and DiscussionResults and DiscussionResults and DiscussionResults and DiscussionResults and Discussion

Weather dataWeather dataWeather dataWeather dataWeather data
Total monthly rainfall data at the experimental

site during 1996 to 2001 are presented in Figure  1.  A
mean for the last 70 yrs prior to the initiation of the
study is presented for comparison.  Rainfall totals dur-
ing the critical months of cotton growth were those for
May (planting and seedling establishment), June (squar-
ing and flowering), July (flowering and boll setting),
and August (boll development and maturity) of 1997,
1998, 2000, and 2001.  The years 1998 and 2000
had the worst rainfall distribution for cotton since they
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were characterized by droughts in May, June, July and
or August.

Surface residue coverSurface residue coverSurface residue coverSurface residue coverSurface residue cover
Surface residue cover (SRC) after cotton planting

in conventional till with winter-rye cover cropping
(CTWR), was 20% to 31%, compared to 1% to 6% in
conventional till with winter-fallow cropping (CTWF)
(Table 2).  Crop residues from the rotational corn crop
of 1999 were still present in all the plots, especially in
NT plots in 2000 and 2001.  This explains the increase
in SRC from 1% in 1997 and 1998 to an average of
5% in 2000 and 2001 under CTWF, and the 88% in-
crease in SRC under CTWR.  Similarly, SRC in no-till
with winter-rye cropping (NTWF) increased from 17%
and 34% in 1997 and 1998 to 80% and 81% in 2000
and 2001, respectively (Table 3).  In mulch-till plots
where the SRC was partially incorporated, there was
no significant increase in SRC in 2000 and 2001 after
the rotational corn crop of 1999.  In Colorado,
Halvorson et al., (2002) also found that surface crop
residues increased with time under NT with corn rota-
tions due to carryovers from year to year.

Cotton residues do not persist long after harvest
to conserve soil moisture, to protect the soil from ero-
sion, and to supply carbon needed to improve soil or-
ganic matter.  Therefore, incorporation of the cereals
winter rye and corn in cotton production systems is im-
portant for soil erosion control and to improve soil or-
ganic matter.  Application of 100 kg N ha-1 in the form
of PL (100PL) increased SRC by up to 21% to 50% in CT
and NT plots in 2000 and 2001  (data not shown).
Our results show that surface application of PL pro-
vides additional benefits of protecting the soil from ero-
sion and conserving soil moisture when used in place
of AN to supply the same amount of N to the crop.
Surface residue cover was significantly correlated to
number of cotton bolls per plant (r = 0.36 to 0.49),
biomass yield (r = 0.35 to 0.52), and lint yield (r =
0.30 to 0.33).

Cotton seedling emergence andCotton seedling emergence andCotton seedling emergence andCotton seedling emergence andCotton seedling emergence and
establishmentestablishmentestablishmentestablishmentestablishment

Cotton seedling counts were significantly greater
(P < 0.001) in the NT system compared to the conven-
tional till system by 150% at 1 d, 40% at 2 d, and 14%
at 3 d during seedling emergence in 1997; in 1998,
similar figures were 100%, 40%, and 33%, respectively
(Figure 2).  No significant differences in cotton seed-
ling counts existed between MT and CT both in 1997
and 1998.  Cotton seedling counts were greater (P <
0.05) in NT compared to MT system by 67% at 1 d
during seedling emergence in 1997 and by 100% at 1
d , 40% at 2 d, 17% at 3 d, and by 14% at 4 d during
seedling emergence in 1998 (Figure  2).  On the fourth
day of cotton seedling emergence, the counts under
different tillage systems were similar.  There were no
differences in cotton seedling counts between the crop-
ping systems in 1997 (Figure 2).  However, in 1998,

cotton seedling counts in WR system were greater (P <
0.01) than those in WF system by 50% at 1 d, 40% at 2
d, 17% at 3 d, and by 14% at 4 d during seedling
emergence (Figure 2).  There were no significant dif-
ferences in cotton seedling counts between the two
forms of N at 100 kg N ha-1 in both years.  Treatments
that received 200 kg N ha-1 in the form of poultry litter
had 100% greater (P < 0.001) cotton seedling counts
than those that received 0 N and 100 kg N ha-1 in the
form of ammonium nitrate or poultry litter, at 1 d dur-
ing cotton seedling emergence in 1997 (Figure  2).   In
1998, cotton seedling counts in treatments that received
200 kg N ha-1 in the form of poultry litter, were greater
than those in treatments that received 0 N and 100 kg
N ha-1 in the form of ammonium nitrate or poultry litter
by 100% at 1 d, 50% at 2 d and 3 d, and by 28% at 4
d during cotton seedling emergence.  The optimum
number of cotton seedling establishment in the south-
east USA is about 10 plants m-1.  Our results show that
final cotton seedlings counts were in this optimum
range.

Number of bolls per plant andNumber of bolls per plant andNumber of bolls per plant andNumber of bolls per plant andNumber of bolls per plant and
cotton lint yieldcotton lint yieldcotton lint yieldcotton lint yieldcotton lint yield

Winter rye cover cropping increased cotton num-
ber of bolls per plant by 11, 9, and 8 compared to WF
cropping in 1997, 1998, and 2001 respectively, in NT
system (Table 2).  In CT plots, WR cover cropping did
not have a significant effect on number of bolls per
plant.  Without WR cropping, NT had 21% less bolls
per plant compared to CT in 1997 and 2001.  These
results are in agreement with those of Pettigrew and
Jones (2001) who found 8% fewer bolls in NT com-
pared to CT.   However, with WR cover cropping, NT
had 30%, 50%, and 17% more bolls per plant com-
pared to CT in 1997, 1998, and 2001 (Table 3), show-
ing that WR cover cropping was beneficial to the re-
productive development of cotton under NT system.

Cotton lint yield under no-till (1360 kg ha-1) was
24% and 18% greater than that under conventional till
(1100 kg ha-1) and mulch-till (1150 kg ha-1) systems
respectively, in 1997 (Table 3).  In 1998, cotton lint
yield under no-till system (1440 kg ha-1) was 7% greater
than that under conventional till (1350 kg ha-1).  Cot-
ton lint yield under no-till (NT) was 24% and 8% greater
than that under conventional till (CT) in 2000 and 2001,
respectively.  There were no significant yield increases
in mulch-till compared to conventional till in the first
two years of study.  However, in 2000 and 2001, cover
cropping increased cotton lint yields by 6 to 12% com-
pared to cotton winter fallow cropping (Table 3).   Poul-
try litter at 100 kg N ha-1 gave similar cotton lint yield
to ammonium nitrate, whereas at 200 kg N ha-1, lint
yields were 23%, 12%, 19%, and 25% greater than those
at 100 kg N ha-1 in the form of ammonium nitrate,
respectively, in 1997, 1998, 2000, and 2001 (Table
3).  Soil moisture measurements in the top 7 cm of the
soil taken during the first 4 days of cotton seedling
emergence showed greater volumetric soil moisture
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content in NT plots compared to CT plots with or with-
out PL (Nyakatawa and Reddy, 2000).  Poultry litter
improved soil water holding capacity of the soil, which
resulted in higher soil moisture content in NT and PL
plots during dry spells.

Our study shows that NT and WR compliment
each other to benefit cotton growth and yield, whereas
CT offsets the benefits of cover cropping.  Breaking up
and incorporation of crop residues during tillage leaves
little or no residues on the surface.  Therefore, the ben-
efits of cover cropping such as reduction in surface
evaporation of water and erosion control are dimin-
ished.  In addition, crop residue incorporation results
in immobilization of inorganic N, which affects early
plant growth.  Tillage promotes the oxidation of crop
residues and soil organic matter, which are important
in soil moisture conservation.  Preliminary data from
this study has shown that NT with WR cover cropping
improves soil organic matter in the top 0-5 cm of the
soil (Nyakatawa et al., 2001).  Therefore, for the ben-
efits of cover cropping to be realized, crop residues
need to be left intact on the soil surface to reduce evapo-
ration and to slow down the rate of decomposition.
Cotton lint yields under NT without WR cover cropping
were similar or slightly lower than those in CT.  There-
fore, our results which are similar to those of Pettigrew
and Jones (2001) who reported 11% lower lint yield in
NT compared to CT, suggest that the use of NT without
WR cover cropping may not improve cotton yields.

Poultry litter at 100 kg N ha-1 gave similar cotton
lint yield to AN, whereas at 200 kg N ha-1, lint yields
were 23%, 12%, 19%, and 25% greater than those at
100 kg N ha-1 in the form of AN, respectively, in 1997,
1998, 2000, and 2001 (Table 3).  Average lint yield
increases due to application of 100 AN and 100 PL in
CT plots were 354, 428, 886, and 456 kg ha-1 in 1997,
1998, 2000, and 2001 respectively.  In NT plots, cot-
ton lint yields for 100 AN and 200 PL treatments in
1997 were 467 and 614 kg ha-1 significantly greater
than that for the 0 N control, whereas for 100 PL, lint
yield was similar to control.  However, in 1998, 2000,
and 2001 cotton lint yields for the 100 PL treatment
was 236, 665, and 542 kg ha-1 greater than that for
the control.  In MT plots where PL was incorporated
into the soil, there were no significant differences in
cotton lint yields between 100 AN and 100 PL treat-
ments in all years (Data not shown).  With 100 or 200
kg N ha-1 of PL, lint yields under NT were 200 to 436
kg N ha-1 greater than those under CT with 100 kg N
ha-1 of AN.  Similarly to what was observed with WR
cover cropping, without application of N in the form of
AN or PL, yield gains from NT alone are not consistent
from year to year.  Therefore, in order for NT to be
most successful for cotton production, it has to be used
in conjunction with WR cover cropping and PL at rates
up to 200 kg N ha-1.

CornCornCornCornCorn
Residual effects of tillage and N treatments ap-

plied to cotton from 1996 to 1998 and from 1999 to
2001 were evaluated by comparing grain and stover
yields under the 0 kg N ha-1 N level of 1999 and 2002.
There were no significant differences in grain and sto-
ver yields among tillage systems under 0 kg N ha-1 N
level of 1999 (Table 4).  However, grain yield in MT
and NT under the 0 kg N ha-1 N level of 2000 was 29%
and 37% greater than that under CT, respectively.  These
results can be attributed to the fact that in 1999, re-
sidual N in CT plots was similar to that in MT and NT
plots (Nyakatawa et al., 2001), whereas in 2001, re-
sidual N in MT and NT was significantly greater than
that in CT plots (Parker et al., 2002).  There was no
significant effect of residual N on stover yield in 2002
(Table 4).   The response of corn grain yield to 100 kg
N ha-1 in plots previously under CT cotton was greater
(82% and 69% in 1999 and 2002, respectively) com-
pared to that in plots previously under NT cotton (58%
in 1999 and 35% in 2002, respectively) (Table 4).  Simi-
lar data for the 200 kg N ha-1 level in plots previously
under CT cotton were 123% and 136% in 1999 and
2002, respectively, compared to 89% and 68% in plots
previously under NT cotton.  These results indicate posi-
tive residual effects of NT plots on corn in 1999 and
2002.  In 1999, corn N uptake in plots previously un-
der NT cotton was significantly greater compared to
CT plots suggesting a higher yield potential in NT sys-
tems.  Other studies, (Sims et al., 1998) reported a
higher N demand by NT corn compared to CT corn.
Within the 0 kg N ha-1 N level of 1999 and 2002, grain
yield in plots previously under the 100 PL and 200 PL
cotton treatments was up to 54% significantly greater
than in plots previously under the 0 kg N ha-1 cotton
treatment (Table 4).  However, there was no significant
difference in grain yield in plots previously under the
100 AN and the 0 N treatments.  Gains in corn grain
yield due to 100 and 200 kg N ha-1 levels of 1999 and
2002 was 100% to 200% greater in plots previously
under the 0 N cotton treatment compared to that in
plots previously under the 100 PL and 200 PL cotton
treatments.  These results suggest that residual N from
PL applied to cotton in 1997, 1998, 2000, and 2001
was able to meet a significant amount of the N re-
quirements of the corn crop in 1999 and 2002.  Supple-
menting N requirements for corn with residual fertilizer
from PL will not only reduce costs of inorganic N fertil-
izer, but will also reduce the amount of NO3

- N from
inorganic fertilizer which can be available for leach-
ing.

Winter ryeWinter ryeWinter ryeWinter ryeWinter rye
Winter rye biomass yield in plots previously un-

der MT and NT cotton treatments was 25% and 73%
respectively, greater than that for the CT plots in 1998
(Figure 3).  In the same year, winter rye biomass yield
in plots, which had received the 200PL treatment un-
der cotton, was 163%, 87, and 60% greater than that
for the 0 N, 100 AN, and 100 PL treatments respec-
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tively.  In 2001, winter rye biomass yield in plots which
had previously received 100 PL and 200 PL treatments
under cotton, was 42% and 88% greater than that for
the 0 N and 100 AN treatments, respectively.  These
results show that in three out of four years, winter rye
cover crop yield responded positively to N treatments
applied to the summer cotton crop.  The significance
of these results is that, since the winter rye cover crop is
grown without additional fertilizer, it can scavenge for
residual N from PL which would otherwise be available
for leaching during the winter and spring seasons.
Winter rye cover crop can also reduce the buildup of P
in soils receiving PL.  According to Evers (2002), rye
can remove twice as much P as bermudagrass (Cynodon
dactylon L.).  Due to the benefits of winter rye cover
crop discussed earlier in this paper, treatments which
result in more cover crop biomass will have better re-
sults in terms of cotton seedling establishment, growth,
and yield in addition to improving soil quality due to
reduction in soil erosion and improvement of soil or-
ganic C.  Cummulative winter rye cover crop biomass
due to CT, MT, and NT tillage systems applied to cotton
from 1996 to 2001 was 4897, 5222, and 5964 kg ha-

1, respectively.  Similar data for 0 N, 100 AN, 100 PL,
and 200 PL treatments are 4159, 4990, 5402, and
7615 kg ha-1, respectively.  Therefore, it can be seen
that over the years, conservation tillage and N applica-
tion to cotton have cumulative positive effects on the
amount of biomass produced by the winter rye cover
crop.

Soil erosion estimatesSoil erosion estimatesSoil erosion estimatesSoil erosion estimatesSoil erosion estimates
Soil erosion rates under MT system were four

times lower than those under CT.  The highest soil ero-
sion of about 20 t ha-1 yr-1 was estimated in the bare
fallow plots (Figure 4).  These results demonstrate the
importance of cover cropping for soil erosion control
in cotton production systems since cotton does not leave
enough residues after planting, to meet conservation
tillage requirements.  Mean soil erosion estimates in
CT plots under WR cropping were three to five times
higher than those under NT and MT.  This result shows
that reduced tillage is necessary for achieving the ben-
efits of reduced soil erosion with cover cropping in cot-
ton production.  Other researchers have also reported
that crop residues left on the soil surface after using
conservation tillage reduced soil erosion (Blevins et al.,
1990; Seta, et al., 1993).   Without cover cropping,
soil erosion estimates in NT plots were about one third
of that in CT in both years.  Similar results were found
by Stevens et al. (1992) who reported that NT cotton
cropping without cover cropping may reduce soil ero-
sion by 70% compared to CT system.   Surface appli-
cation of PL at 100 kg N ha-1 gave significantly lower
C-factors compared to control plots and 100 kg N ha-

1 in the form of AN under CT in both years (Table 5).
Similar results were obtained under NT.  The lower C-
factor values with use of PL indicate that soil erosion
rates were lower than those in plots which received an
equal amount of N but in the form of AN or those which

did not receive any N.  The better erosion control with
PL can be attributed to the fact that when surface ap-
plied, the litter material acts as a residue cover which
protects soil from the direct impact of raindrops, slows
runoff water movement, and also increases infiltration.
The RUSLE model takes into account of this fact in the
calculation of the C-factor.  At each level of N, soil
erosion estimates in NT plots was below 5 t ha-1 yr-1

compared to over 15 t ha-1 yr-1 under CT at 0 or 100 kg
N ha-1 AN levels in both years (Figure 4).  Plots which
received 100 kg N ha-1 in the form of PL had 10, 3,
and 3 t ha-1 yr-1 less soil erosion rates under CT, NT
and MT systems respectively, compared to plots which
received the same amount of N in the form of AN in
1997.  Similar figures for 1998 were 9, 2, and 3 t ha-1

yr-1.  Doubling the N rate through PL to 200 kg N ha-1

under NT system gave the lowest soil erosion estimate
levels of less than 2 t ha-1 yr-1 in both years (Figure 4).
Application of N in the form of AN or PL reduced soil
erosion rates due to higher cotton canopy cover, root
biomass, and more cotton residues compared to con-
trol plots (Figure 4).  The tolerance levels of soil erosion
loss for these Decatur series soils are 11 t ha-1 yr-1.
Results from this study clearly show that growing cotton
under CT with or without a winter rye cover crop using
AN fertilizer at 100 kg N ha-1 on the Decatur silt loam
soils results in soil erosion rates up to 10 t ha-1 yr-1 in
excess of the tolerance level (Figure 4).  However, us-
ing PL as the N source under CT gave soil erosion esti-
mates 4 to 5 t ha-1 yr-1 below the tolerance level (Figure
4).  Soil erosion estimates under NT and MT systems
were about 50% of the tolerance level.  The reduction
in soil erosion rates will reduce the amount of nutrients
and pesticide residues, which end up in surface and
ground water resources.

ConclusionConclusionConclusionConclusionConclusion

Results from our study show that cotton seedling
establishment, growth, and lint yields were significantly
improved by NT tillage with WR cover cropping and PL
application.  These benefits were more visible in years
with below average rainfall distribution during critical
stages of cotton seedling emergence, growth, and de-
velopment.  Poultry litter at 100 kg N ha-1 generally
gave similar cotton lint yield to ammonium nitrate,
whereas at 200 kg N ha-1, lint yields were significantly
greater than those at 100 kg N ha-1, irrespective of the
N source.  Soil erosion estimates under NT and MT
averaged 50% of the tolerance level with or without
cover cropping or N fertilization.  Plots which received
N in the form of PL had significantly less soil erosion
estimates than plots which received the same amount
of N in the form of AN.  Conservation tillage and PL
treatments applied to cotton had significant positive
residual effects on corn and winter rye cover crop.
Residual N from PL applied to cotton in 1997, 1998,
2000, and 2001 was able to meet a significant amount
of the N requirements of the corn crop in 1999 and
2002.  These treatments can be recommended to im-
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prove the productivity of NT cotton in the southeast
U.S.A. where soil erosion is a problem and the dis-
posal of PL from the large poultry industry poses an
environmental problem.
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TTTTTable 1.able 1.able 1.able 1.able 1. Cropping scheme, planting dates, and harvest dates of cotton, winter rye, and corn crops,
Belle Mina, AL, 1996 to 2002.

TTTTTable 2.able 2.able 2.able 2.able 2. Surface residue cover after cotton planting and number of cotton bolls per plant in conven
tional till, mulch-till, and no-till systems under cotton winter-fallow (WF) and cotton-winter
rye (WR) cropping systems, Belle Mina, AL, 1997 to 2001.
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TTTTTable 3.able 3.able 3.able 3.able 3. Cotton lint yield (kg ha-1) as influenced by tillage systems and N treatments, Belle Mina, AL,
1997 to 2001.

TTTTTable 4.able 4.able 4.able 4.able 4. Corn grain and stover yields at three N levels applied in 1999 and 2002, in plots previously
under conventional till (CT), mulch-till (MT), and no-till (NT); and different N treatments from
ammonium nitrate (AN) and poultry litter (PL), Belle Mina, AL, from 1996 to 2001.
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Figure 1.Figure 1.Figure 1.Figure 1.Figure 1.
Total monthly
rainfall at Belle
Mina AL (1996
to 2001).

TTTTTable 5.able 5.able 5.able 5.able 5. Cover management (C) factors of cotton as influenced by conventional-till and no-till systems
under cotton-winter fallow and cotton-winter rye cropping systems and ammonium nitrate
(AN) and poultry litter (PL) sources of N, Belle Mina, AL, 1997 and 1998.
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Figure 2.Figure 2.Figure 2.Figure 2.Figure 2.
Soil temperature
and cotton
seedling counts
as influenced by
conventional till
(CT), mulch till
(MT) and no
tillage systems;
cotton-winter
fallow (WF) and
cotton-winter
rye (WR)
cropping
systems; and
ammonium
nitrate (AN) and
poultry litter (PL)
sources of N
(Bella Mina AL,
1997 and
1998).
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Figure 3.Figure 3.Figure 3.Figure 3.Figure 3.
Biomass of
winter rye cover
crop as influ-
enced by
conventional till
(CT), mulch till
(MT) and no till
(NT) tillage
systems; and N
treatments from
poultry litter (PL)
and ammonium
nitrate (AN)
applied to
cotton, Bella
Mina AL (1997
to 2001)
(means for
tillage systems
or N treatments
within a year
followed by the
same letter are
not significantly
different at the
5% level.

Figure 4.Figure 4.Figure 4.Figure 4.Figure 4.
Soil erosion
estimates as
influenced by
conventional till
(CT), mulch till
(MT) and no
tillage systems
under cotton-
winter fallow
(CF) and cotton-
winter rye (CR)
cropping
systems; and
ammonium
nitrate (AN) and
poultry litter (PL)
sources of N
(Bella Mina AL,
1997 and
1998).  BF =
Bare fallow.




