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ABSTRACT

Thereisanaiond drive in the USA to have 50% of the cropped area under conservation tillage by
2002. Benefitscredited to conservation tillageinclude soil and water conservation, lower production costs
and greater production efficiency. The southeastern USA has generdly lagged behind the Great Plains
datesin adoption of thistechnology. Much of the row-crop agriculture in the Southeast, including cotton
(GossipiumhirsutumL..), isconventiondly tilled and fertilized. Cottonisadominant cropin the Southeast
and has steadily increased in areain recent years.  But only about 12% of the 0.62 million hectares of
cotton in Georgia, for example, is under conservation tillage. We evauated the performance of cotton
under two tillage and two fertilizer trestments to highlight management options for increased adoption of
conservation tillage. Three years of research was conducted, beginning in 1996, under a factorid
arrangement of tillage (no-till, as conservation tillage, vs conventiond tillage) and fertilizer (ammonium
nitrete, as conventiond fertilizer, vs poultry litter) on a Cecil sandy loam (Clayey, keolinitic thermic Typic
Kanhapludults) near Watkinsville, GA. Lint yidd from the no-till exceeded that from the conventiona
tillage cotton by 28% over three years (P=0.0002). Fertilizing with poultry litter produced 11% morelint
(P=0.046) than with conventiond fertilizer. Yield from no-till cotton fertilized with poultry litter exceeded
that from conventiond tillage fertilized with ammonium nitrate by 43% (P = 0.0003). Cotton production
in the Southeast could be enhanced by using noill and fertilizing with poultry litter insteed of tilling and
fertilizing conventiondly.



INTRODUCTION

Consarvation tillage is any tillage and planting system that leaves 30% or more of crop resdue on the
soil surface after planting (CTIC, 1998). A cover crop is required in many ingtances to achieve thisleve
of resdue. The USA led the world in developing and using this technology but is now lagging behind
competing countries like Canada, Brazil, and Argentina in adoption rates (CTIC, 1998). Nationdly,
approximately 37% of crops were planted with conservation tillage in 1998 compared to gpproximately
35%in 1993. Thereisacoordinated nationd drivein the USA to increase the use of conservation tillage
to 50% of the cropped areaby 2002. The system iscredited with maintaining or increasing yield, reducing
overdl production cods, arresting or reversing soil degradation processes and reducing nutrient and
pesticide losses by reducing runoff volume (increased infiltration) and soil [oss(CTIC, 1998; Domitruk and
Crabtree, 1997, Golabi et d., 1995; Langdde et d., 1979; Radcliffe et d., 1998). Technological
innovationin conservationtillage implementsand productsand the need for conservation compliance have
aso played a part in its increased adoption in the USA.

Muchof theagricultureinthe Southeast, however, isbased on clean-tilled cropsgrown on doping land.
These cropsare grown on soilsthat arerdatively infertile, highly erodible, low in organic métter, and easly
compacted by rainfdl and machine traffic (Carreker et d., 1977). The soils respond well, however, to
good management practices, including adequate levels of nutrients, and cropping systems that restore
organic matter and soil structure, increase available water and reduce machinetraffic. While conservation
tillage is such a cropping system, there is only about 12% adoption in the Southeast (CTIC, 1998).

Cotton and poultry productions are of great economic importance in the Southeast (Rodekohr and
Rahn, 1997) and continued rapid growth is projected for both. Improved markets and the boll weevil
eradication program has lead to steady increase in cotton acreage in states like Georgia since the mid
1980s. Closeto 0.62 million hectares of cotton was grown in Georgiain 1995 compared to 0.11 million
hectares 1985. Broiler production isa$10 billion agribusinessin Georgia An enormous quantity of litter
is produced from such alarge enterprise some of which can beneficidly be used as nutrient source in the
increasing cotton hectareage.

The performance of cotton on the dominant soils in the Southeast under different tillage and nutrient
management systemsisnot well researched, athough cong derable experience is accumulating with regard
to no-till (one form of conservation tillage) production of cotton on the dluvia and loess soil of Arkansas,
Louisana, Missssppi, and Tennessee (eg. Keiding et d., 1992; Kennedy and Hutchinson, 1993). The
objective of this research was to evaluate yield potentias of no-till cotton fertilized with poultry litter
compared to that of conventiond tillage cotton fertilized with ammonium nitrate, as conventiond fertilizer,
on a Cecil soil, the dominant soil seriesin the Pliedmont of southeast USA.

MATERIALSAND METHODS
The experiment was conducted in 1996, 1997, and 1998 at the USDA-ARS, J. Phil Campbdll, Senior,

Natura Resource Conservation Center, Watkinsville, GA (33°54' N lat and 83°24' W long). Factoria
combinations of two tillage (no-till vs conventiond tillage) and two fertilizer trestments (ammonium nitrate



vs poultry litter), each replicated three times, were imposed in acompletely randomized block design on
12 ingtrumented tile-drained plots, each 10 m by 30 m, located on nearly level (0-2% dope) Cecil sandy
loam (Clayey, Kadlinitic thermic Typic Kanhapludults). Thetillage treetment had been imposed on the 12
plots since April 1992, for an earlier study.

The conventiond tillage congisted of chisd plowing and disking whileno-till consisted of coulter planter
use only. Nitrogen-based fertilizers were gpplied at rates of gpproximately 60 kg available N ha™. The
rate of poultry litter to achieve thislevel of N was 4.5 Mg ha* (30% moisture on dry basis) assuming 50
percent minerdization. Potassum was gpplied based on soil test results. Phosphorous was not applied
as soil test results established no need. Cotton pesticides were: Aldicarb (Temik), insecticide for control
of thripsand nematodes, at 4.4 kg ha* (4 1b acre), Fluometuron (Cotoran), abroadleaf herbicide, at 2.34
L ha' (2 pt acre’! ), and Pendimethdin (Prowl), a herbicide for control of annua grass and broadleaf
weeds, at 1.75L ha' (1.5 pt acre!). Fertilizers and pesticides were gpplied just before planting and were
incorporated into the soil by light disking immediately afterwards in conventiond tillage but not in no-ill
treatment.

IN 1996 and 1997, Stoneville 474 variety cotton was planted in 0.86 m (34") rows at 10 to 13 plants
per meter. The cotton was planted on 30 May 1996 and 14 May 1997, and was harvested on 1
November 1996 and 4 November 1997. In 1998, cotton was planted in 0.76 m (30") rows on 14 May
and was harvested on 12 November. A * Troy Bilt Rototiller’ was used for weed control in conventiona
till plots about three weeks after germination and one month later. No-till plots were sprayed with 0.73
L ha (10 oz acre!) of Fusilladefor grassand weed control. Roundup at arateof 2.36 L ha (1 gt acre™
) was aso used in no-till plots at locaized spots of weed/grass infetation. Pix, a growth regulator, was
applied to dl plots a the rate of 0.58 L ha! (8 oz acre!) soon after first bloom and 10 days later.
Harvade and Prep at rates of 0.58 L ha and 1.17 L ha! (1 pint acre), respectively, were used as
defoliant and boll opener, respectively, and were applied two weeks prior to harvest by a cotton picker.
Rye was used as cover crop each winter.

Soil water usewas monitored over the cotton growing period in 1998in one plot from each treatment -
4 total. Each plot was instrumented with two probes of a TDR-based Moisture Point System of
Environmentd Sensorsinc. (ESl, Victoria, British Columbia, Canada). The system read average soil water
content of the 0-0.15, 0.15-0.30, 0.30-0.60, 0.60-0.90, and 0.90-1.20 m depth. Measurements were
taken two to three times per week from each of the two probesin each plot and then averaged to give the
s0il water content per plot. Changesin soil water content between two readings (positive or negative) were
cumulaively added to givethetempord net soil moisture changefromeach plot. Dry plant weightsfor ledf,
petiole, sem and bollswere determined from six randomly selected plants per plot just before harvest from
the 1998 crop. Plants were sampled, separated into different plant parts, dried in an oven and weighed.
Plant height and leaf areawere dso measured.

Yidd data were analyzed as random complete block with a factoriad arrangement of trestments, and
repeated measures design using MIXED procedure of SAS(Littleet d., 1996). Threevariance groupings
were created based on checks on homogeneity of variance associated with treatments and were included
inthe satistical andysis by using the grouping option on the repeated Statement.



RESULTS
Lint Yield

Average yied fromeach trestment for each of thethreeyearsispresentedin Figure 1. Yield from no-
till and poultry litter trestments exceeded that from conventiond tillage and conventiond fertilizer treestments
each year. In plotsunder conventiond fertilizer treatment, no-till produced 34.8, 30.6, and 32.4 % higher
yidd than conventional tillagein 1996, 1997 and 1998, respectively (Average 32.4%, P=0.001). Inplots
under poultry litter treetment, theequivaent yield incrementswere 19.9, 13.2 and 39.3% (Average 24.1%,
P=0.018). Intheno-till treatment, plotsthat received poultry litter produced 6.3, 3.6, and 13.4% higher
yidd than those receiving conventiond fertilizer for thethree consecutive years (Average 7.8%, P= 0.246).
Inthe conventiond tillagetreatments, plotsthat received poultry litter had 19.5, 19.5, and 7.8% higher yield
thanthosethat received conventiond fertilizer for the three consecutive years (Average 15.6%, P=0.093).
No-till cotton fertilized with poultry litter produced 43.2, 35.3, and 50.2% higher yield than conventiona
tillage cotton fertilized with ammonium nitrate in 1996, 1997 and 1998, respectively (Average 42.9%, P
= 0.0003). Year had sgnificant effect on yield (P = 0.0006). No interaction was observed between
trestments. Differences are consdered sgnificant if P isless than 0.05.
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Fig. 1. Lintyield in kg ha! across treatmentsfor 1996, 19967, 1998,
and the average over the three yearswith standard error bars.



Biomass

Treatment differences aso lead to differencesin overdl vigor of growth of cotton. In generd, cotton
inno-till plotswastaler and had more biomass by first bloom than cotton in conventiond tillage plots. The
contrast was gregter between no-till-poultry-litter and the other treatments. Result from the 1998 sampling
isgivenin Table 1. This table showsthat plant height, leaf areaindex, and average dry weights of petiole,
leef, stem, and bolls were between 17 and 60% higher in no-till than in conventiond tillage plots.
Differences were higher (39 to 98%) between no-till-poultry-litter and conventiona-tillage-conventional-
fertilizer trestments. The largest differences were for sems and bolls. Statistical significance was andyzed
withthe Generad Linear Models procedure of SAS (SAS Ingt., 1990). All the differences except for CT
vsNT petiole are Sgnificant at the 95% probability level.

Soil water use

Cumulative net soil water change between June 8, and November 4, 1998 for all depthsis presented
in Figure 2. Tempora net soil water change in the 0-0.15 m depth during the same period is shown in
Figure 3. Generdly there was more net change from no-till than conventiond tillage plots. Most of the
negative changewas dueto evapotranspiration (limited drainage events during the period) indi cating grester
avalability of soil water from no-ill. The average net change was 3.71 time more in no-till than
conventiond tillage plotsin the 0-0.15 m depth. In the subsequent depths, it was 1.26, 1.53, 3.72, and
5.32 timesmore, respectively. About 68% of the changefor no-till and 83% of the changefor conventiona
tillage plots occurred in the 0-0.60 m depth. In the 0.60-0.90 m depth, the equivaent change was about
22 and 13%. There was very little change below 0.90 m (10% no-till and 4% conventiona tillage). The
poultry litter treated plots had dightly more change than those under conventiond fertilizer trestment.

Table 1. Average plant height, leaf area, and biomass dry weight for 1998 for six randomly
sel ected plantsfrom oneeach of conventional tillage (CT), no-till (NT), conventional tillageand
conventional fertilizer (CTCF) and no-till and poultry litter (NTPL) treatment plots.

Treatment Plant Leaf Area Averagedry weight in gt
Plots Height-cm sqcm P L S B
CTt 58.3a 8615a 6.8a 59.9a 123.8a 281.0a
NT# 74.8b 10453h 82a 72.6b 197.8b 4440.0b
CTCF§ 57.0c 7378c 6.4c 54.9c 107.1c 253.3c
NTPLS 7r.2d 10830d 9.1d 76.7d 211.4d 457.36d
NT/CT 1.2838 1213 1174 1214 1.599 1.566
NTPL/CTCF 1351 1467 1428 1397 1975 1.805

T P-petiole,; L-leaf; S-stem; B-ball
T Meanswith the sameletter (a,b) per column arenot significant at alpha=0.05
§ Meanswith the sameletter (c,d) per column arenot significant at alpha = 0.05
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Fig. 2. Cumulative net soil water change between June 8 and
November 4, 1998 for 4 plots of contrasting treatments.
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Fig. 3. Temporal net soil water change from no-till and poultry litter (NTPL),
no-till and conventional fertilizer (NT CF), conventional tillage and poultry
litter (CTPL), and conventional tillage and conventional fertilizer (CTCF)



treatmentsin thetop 0.15 m of soil.

SUMMARY AND CONCLUSIONS

Inthree years of research on a Cecil sandy loam soil of the Southern Fiedmont near Watkinsville, GA,
yidd from no-till cotton exceeded that from conventiond tillage cotton by 28% (P=0.002). No-till cotton
fertilized with poultry litter out-yielded conventiondly tilled and fertilized cotton by 43% (P = 0.003).
Above ground biomass measured in 1998 was 52.4% more for no-till compared to conventiona tillage
cotton, and by 78.9% for no-till cotton fertilized with poultry litter compared to conventiondly tilled and
fertilized cotton. Soil water use in the top 0.6 mwas amost double for no-till compared to conventiona
tillage and about 2.4 time morein no-till-poul try-litter compared to conventiona-tillage-ammonium-nitrate
treated cotton. Although most cotton in Georgiaand the southeast isgrown under conventiond tillagewith
conventiond fertilizer, such as ammonium nitrate, production could be improved by adopting no-till and
fertilizing with poultry litter. Thiswould create a useful outlet for the large amount of litter produced from
the poultry industry. The system would dso give additiona insurance againgt crop failure arising from short
term summer drought by enhancing soil water use.
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