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Abstract: Reduced tillage and surface residue increases infiltration, soil water content, and
plant available water, while at the s:iiile tune decreasing runoff and sedimentation. However,
there is a general lack of knowledge and appreciation regarding the impact conserva-
tion tillage has on sustainable water resources. The objective of this study was to estniiate
water savings as  result of conSerVation tillage adoption ill Georgia. lotal acreages by crop
((-ottoh, corn , and pen iut) and tillage (conventional and conservation) were obtained via
the Conservationi lechu uology h ibm uation Center for the 2004 growing seasoll. Ranulail
simulation studies conducted over row-cropped lands ill conventional and conservation
tillage were obtained for soils in the Coastal Plain and Piedmont pi siograpl ties. Data were
integrated within a geographical information sYste'll. Ill cotton, corn and peanuts
represented 85% of row crop production ni Georgia, with nearly 90% of the acreage ill the
Coastal Plain. Conservation tillage svstenis are currently ni place on approxiniaiely 30% of
those acreages, primarily in the fiirni of strip tillage. Results Iron u rainfall Simulation stud-
ies indicate that conservation tillage call 	runoff and increase infiltration in

systems by 29% to 46%. Extrapolating these results to the state, conservation tillage reduced
estnnated statewide, irrigated water requirements from 4% to 14%. Increasing conservation
tillage to 40% ill intensively row-cropped counties where conservation tillage adoption rates
were less than the national average (40%) increased estimated water savings by an additional
1% to 6%.
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Georgia agriculture represents a $5.8
billion dollar industry and currently ranks
in the top 10% of the nation's peanut,
cotton, vegetable, and poultry production
(National Agricultural Statistics Service
2004). Crop production accounts for
$1.8 billion, or 31% of the state's agricultural
revenues. However, intense agricultural pro-
duction deniands more efficient use of water
resources. The amount of irrigated land has
increased steadily from 81,000 ha (200,155
ac) in 1970 to 606,000 ha (1497,459 ac)
in 2004 (Harrison 2005). In response to
anticipated water resource concerns, Georgia
has enacted a joint Coniprehnsive Water
Plan Study Committee and Watet Planning
Advisory Committee to establish a statewide
water conservation plan by 2007. The Flint
River Basin has also initiated a Flint River
Regional Development and Conservation
Plan in response to impacted flosv associated
with urbanization and agricultural water use.

Thus, accurate assessnients of agricultural
water needs and the impact of the best man-
agement practices are necessary to ensure
agricultural water needs are met. Adoption
of conservation tillage (Cs F) shows promise
as a management practice for more efficient
use of water resources (Reeves 1997;Trunian
et al. 2003), yet very little has been done to
evaluate the impact of Cs] oil
water use ill

Long-term tillage and residue manage-
ment increases soil water holding capacity
and infiltration, while reducing runoff and
erosion (Franzeubblcrs 2001; Truman et
al. 2003; Truman and Rowland 2005). The
United States Department of Agriculture
(USDA) National Resources Conservation
Service (NRCS) defines residue and tillage
managenient as a reduction in soil disturbance
while actively nianagmmug the distribution of
plant residues year-round. Two of the most
commonly used CsT practices include strip-

tillage (ST) and no-tillage (NT). Strip-tillage
consists of tilling a 15 to 20 ciii (6 to 9 m)
strip in preparation for planting, while in NT
the crop is planted directly into the killed
cover crop.

1-he impact of tillage oil and
runoff was demonstrated by Frunian et al.
(2003) on a Rhodic Paleudult cropped to
cotton using rainfall simulation. Results
showed that after a two hour rainfall event
(50 mii) hr' 12 ill NI with fall para-
tilling reduced runoff by greater than 34%
conipared to conventional tillage (CT) treat-
nients More recentl y, l'runian and Rowland
(2005) reported findings froi n a loi i g- ternt
field study conducted oil Coastal Plain
soils. In their study. SI systems significantly
reduced runoff and increased infiltration
compared to CT treatments. During peak
runoff events, niaxnnuim runoff rates froni
CT treatments were five tunes greater
compared to CsT treati i len ts. Frui nan a ii d
Rowland (21)1)5) demonstrated the nn pact
of 

I tillage regi ni e oil ra in fall partition ii ig
was nonexistent in year one of the study.
However, ill years two to six, ST treatineilts
increased infiltration, soil water content and
estimated plant available water content by
30%, 40% to 50%, and 50%, respectively.

Maintaining plant available soil water is
particularly important ill the humid, south-
eastern United States, where long and
sonietimes drought-prone growing seasons
necess itate supplemental irrigation. Truman
and Rowland (2005) showed that measured
plant water use for cotton and peanut ill Si
system was 20% to 50% less coiiipared to C I
treatments with similar yields. In their study,
actual plant water use was measured directly
and contpared to estimated plant available
water obtained via rainfall sunulation data.
Estimated plant available water content com-
pared well with measured plant water use.

To date, reduced tillage with residue man-
agement is one of the most well-known
conservation practices. Recent estimates
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Table a
Site descriptions for rainfall simulation studies.

Tillage	Time in tillageSite	Map unit name	Family	 treatments	(years)
Gibbs Farm	Tifton loamy sand. 2%	Fine, loamy, siliceous, thermic, Plinthic Kandiudult	 ST	 6

CT	 6
E.V. Smith	Compass loamy sand, 1%	Coarse-loamy, siliceous, thermic, Plinthic Paleudult-Typic Hapludult	NT+PT	 10

J.P. Campbell	Cecil sandy loam. <1%

Belle Mina	Decatur silt loam, <1%

Clayey. kaolinitic. thermic, Typic Kanhapludult

Fine, kaolinitic, thermic, Rhodic Paleudult

NT	 10
CT+PT	 10
CT	 10
NT	 15
CT	 15
NT+PT	 10
NT	 10
CT	 10

Notes: Treatments include conventional tillage (CT). strip tillage (ST), and no tillage (NT). Tillage treatments receiving paratillage are denoted (+PT).L
Of CST practices indicate 41% of rove
crop producers have adopted CST prac-
tices nationwide (CTIC 2004). Reeves
et al. (2005) estimate that CST ill Georgia
currently saves enough water to sustain
2.8 million people per year. Furthermore,
their data suggest that annual soil and water
quality savini.s call as high as $245 nil-
lion. These findings have established the
need for a comprehensive analysis of water
savings associated with the adoption of CsT.

The underlying h ypothesis of this study
is that Cs] systems call used to con-
serve water resources in two predominant
piiysiographic regions ill This
hypothesis was evaluated by integrating
measurable differences ni infiltration tinder
variable tillage and residue management
regimes with county level estimates of crop
acreage, soil distributions, irrigation and
Cs] using a geographic information system
(GIS). Our goal was to estimate potential
water savings under current and increasing
CsT adoption in Georgia.

Methods and Materials
Rainfall Simulation Data. Rainfall siinula-
tion data were archived fi'oni two extensive
and previously published datasets (Trtnnan
et;it. 2005, 2003), as well as data collected
fi-0111 two unpublished studies. Sites were
located ill the Southern Coastal Plain (E.V.
Snimth and Gibbs farm). Southern Piedmont

. P Canipbell) and Limestone Valley (Belle
Mina). Sites \\'ere selected to be most repre-
sentative of Production systems in each pbs-
iographic region. In the Coastal Plain, stnd'
sites were located on gently sloping, well-
drained soils (USDA 2005c). Compared to
the Coastal Plain, study sites ill the Piedniont

and Limestone Valley plivsiograpinc regions
\vere more highly eroded (USDA 1994). Doe
to 1iii ii ted ava ilability of rainfall sill mulati Oil

datasets, the fiiurth site was located in thethe
LniiestoneValiev region ofAlabanma, having a
similar ciop rotation and surface soil proper-
ties to those at the Piedmont location. Site
descriptions are provided in table I

Rainfall simulation was conducted proxi-
ilmate to planting to evaluate tillage and
residue management nnpacts oil
The following text describes the rainfall
snnulation procedure. For a more detailed
description the reader is referred to Truman
et al (2005, 2003).

Triplicate 6 1112 (2 ill wide and 3 ill long
6.5 ft wide and 10 ft long]) rainfall simu-

lation plots were established Oil each tillage
treatnieilt for each site. A rainfall simulation
Plot consisted of a flunle and metal borders
to prevent water from running into or out
of tile plot area. All area surrouilding each
6 1112 (65 ft2) plot was treated like the test
area to allow soil material to be splashed in
all directions and to sample soil. Simulated
rainfall was applied to each 6 111 2 plot at a
target, constant Intensity of 50 111111

(2 in hr) for one hour. The target inten-
sity is representative of the average amount
of rainfall expected to occur over one hour
during a typical spring rainfall event ill the
Coastal Plain or Piednlont.

The average, miii nniiiin i, andd ii iaxi ifl U ill

infiltration for each phvsmographic region
and tillage regime (CT vs.. CST) were used
to generate a range in expected water sa y

-mgs usiilg the Conservation Tillage Effects
Assessment (CTEA). It should be noted that
seasonal rainfall patterns may vary ill duration
and intensity. Thus, the aniOUnt of infiltrated

rainfall new be greater or less th.m whit was
observed during a snntilated event,

Conservation Tillage Effects Assessment.
For the purpose of this paper, we are evaluat-
ing ditferences m irrigated water reqturelnents
in conventional and CST svsteilis to estinate
the potential for C ST to conserve 'water.
Lstnilates of agricultural water use devel-
oped in this piper are not absolute and do
lot represent actual plant water use. In much

of the Coastal Plain, irrigation water conies
from ground water resources. This may not
be entirely true for the Piedniont. I iowever,
the Piedmont represents less tllaml 10% of the
rosy cropped area discussed ill this manu-
script (USGS 2005h; CTIC 2004).

Three GIS coverages were used to provide
a foundation for the CTEA. The cover-
ages included Georgia major land resource
areas (MLRAs) (USGS 2005b), Georgia
county boundaries, and Georgia State Soil
Geographical (STATSGO) database (USDA
1991). Based Oil the Georgia MLRA cover-
age, the Southern Coastal Plain and Southern
Piedmont account for 67% of the total land
area (figure ]).Tile CTEA svas used to evalu-
ate water savings ill counties having greater
than 75% of the total land area within the
Coastal Plain and Piedimmont. This was done
to mallltalmm the integrity of county level
immforiimatmon along tile boundary of each
plmysiographmc region.

The Georgia STATSC;O database is a
broad assessineiit ofstate soil amid mlollsoil areas
that occur in patterns across the
state (USDA 1991). Based Oil the STATSGO
coverage, a soil textural class designation was
assigned to each coumltv. Textural class desig-
nations indicate a specific textural class can
be found ill 	than 75% of the total



land area within a county. Loamy sand (54%) 1 ing season for cotton (May to September),
and sandy loam (40%) epipedons accounted corn (March to Jul , ) and peanuts (Max' to

for a majority of surfimce soils niapped in the	September) (table 2).
Coastal Plain and Piedmont MLRAs.	Baseline water requirements for each crop

Next. tillage and crop information	were obtained via University of Georgia
were added to the GIS. The Conservation Cooperative Extension Service recom-
Technology Information Center (CTIC)	mendations. Water requirements reflect the

provided a current (2004) estimate of row	ininunuin amount of water (rainfall and
crop acreages and tillage practices at the	gation) necessary to achieve adequate yields

county level (CTIC 2004).The CTIC uses a for cotton, coriLand peanuts. Recommended
roadside survey and may over-estimate crop	water requireillents ranged from 0.23 to 026
residue cover in the 25% to 35% cover range ha-iii (22 to 25 ac-in) for 8 to 10 Mg ha
compared to in-field line-transect estimates	(8,960 to 11.200 lb ac') y ields for corn

(Thoina et al. 2004). 1 lowever, Cl IC is cur-	(Rhoads et al. 1991), 0.22 to 0.24 ha-in (21
rentiv the only known, national estimate of	to 23 ac-in) for 1350 to I 68(.) kg ha'' (1.501

Ccl adoption. Tillage data were aggregated	to 1.880 lb ac') yields for cotton (Unversity

into two groups: CT (<30% residue cover)	of Georgia 2003), and 0.23 to 0.26 ha-ni (21
and Cs  (>30% residue cover) for each crop.	to 24 ac-in) for a 4500 kg ha'' (5.000 lb-s- ac
ST accounted for greater than 90% of Csf	yields for peanuts (Stansell and Pallas 1985).

practices ill 	Coastal Plain and Piedmont	T'o account for the inherent variability in

(CTlc; 2004). These data did not include	soil conditions. site location and manage-
peal isits, which are traditi oi iall	grow ii	men t, the iii i iii n iunl, average, amid i nax ni i un i
ill 	svstenls. Although it is recognized	observed infiltration were incorporated into
that the adoption of CsT among peanut	the C lEA. Infiltration was expressed as a
producers is increasing (Wright 2002), for	percentage of ransfhll (obtained via ranifill

this study, we assumed that all peanuts were	snnulation) (table 3). Infiltration ss'as assigned

CT, and peanut acreages were obtained	based oil 	textural class designations for

via the 2002 USDA National Agricultural	each county and tillage regime.
Statistics Service (NASS) dataset (USDA	Irrigated land area (statewide) for each

NASS 2002).	 crop was expressed as a percentage based on
We have assumed all systenis observe the 2004 University of Georgia Cooperative

USDA Natural Resource Conservation Extension Service irrigation surveys. It was
Service (NRCS) reconnnended management estimated that 55% of corn, 49% of cotton,
of crop residue cover, cover crop. and tillage	and 56% of peanuts were irrigated ill
(USDA 2005a). Current NRCS recoininen- (Harrismois 2005: Cl IC 2004; USGA NASS
dations for Georgia require a minimum of 2002). Total irrigated acreages at the county
30% crop residue cover at planting, suggest	level were calculated by multiplying the

paratillage every IS months. and suggest an	percent irrigated by cropped acres for

annual cover crop be planted ill 	October	cotton, corn, and peanuts. Irrigated acreages
to early November. Because hydrologic were further divided into irrigated CT and
benefits may be seen only ill 	second irrigated CST using the percentage of CT or

and third years of continuous CST (Truman CST within the county (CTIC 2004).
and Rowland 2005; Truman et al. 2003;	Based oil 	inputs described above

Franzuebblers 2001; Terra et al. forthcom-	(precipitation, crop water requirements,
ing), we assumed all CST fields have been ill	measured infiltration data, cropped area,

practice for ,I 	of two years.	tillage regime, and irrigated area), irrigated
Precipitation data were acquired via the water demand was calculated for mini-

National Weather Service Forecast Center mum and average precipitation years under
(NWSFC. Peachtree City, C;eorgia) from four tillage scenarios: 0% CST. 100% CST,
several weather stations ill 	state and rep-	observed CST, and the impact of a 10%

resent the nnn i s i uni. average, and mflaxnillnil	increase ni observed CST. Conservation

monthly rainfall observed over a 30-year	tillage effects assessment calculations assumed
period (1971 to 2000). Since water is gen-	that infiltration was equivalent to plant avail-
erally not limiting during niaxinium rainfall	able water. To deiiionstrate this assumption.

years, these data were not included ill 	two earlier studies evaluated hydraulic

analysis. Rainfall data were assimilated first	conductivity in a Piedmont and Coastal Plain

by physiographic region and then by grow-	soil and showed that in these systems water

Figure 1
Georgia major land resource areas (USGS
2005b).

WE
Southern Piedmont

em Coastal Plain

o 50100	200
- km

infiltrates much more rapidly compared to
losses associated with lateral flow or grouiid
water recharge (Bruce em il. 1983: Rasmussen
et al 2000: Washin gton et. al 2004). These
findings were supported by West et al. (nd.)
and Schoeneberger et al. (1995), indicat-
iiig a well-structured Bt horizon in these
systems call to a perched water table.
This explains the strong correlation between
estimated plant available water content,
calculated froni rainflill smnsulation studies.
and measured crop water use data ill
Coastal Plain (Truman and Rowland 2005).

The CTEA was accomplished ni two
parts. First, irrigated crop water requirements
were adjusted for iii-season precipitation
and tillage effects as shown ill following
equation:

(WR) - (PPT x INI-) = AdjWl

where WK (ac-in) refers to water require-
ment, PPT (in) refers to in-season pre-
cipitation, INF (%) refers to the percent of
infiltrated rainfall calculated via rainfall
simulation for specific soil and tillage regimes.
and AdjWR (adjusted water requirement
[ac-ill]) refers to the amount of water needed
to meet crop water demand after taking
precipitation into account.

Next, county level crop water use was
estimated by multiplying the total acreage
in each tillage group (irrigated CT or irri-
gated Cs-I) by the AdjWR and converting
to niegahiters (MI.) of water. Focal water use
was determined by summing water use for
irrigated C-I' and (s1 across counties.
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Table 
Long-term (30 year) precipitation record for cotton, peanut, and corn growing seasons in the
Coastal Plain and Piedmont physiographies (USGS 2000).

Physiography	Crop

Accuracy Assessment. To evaluate the
validity of our assuniptioi is under the
C LEA, estimated water use was compared
with Universit y of Georgia Cooperative
Extension Service irrigation surveys
(Harrison 2005). The University of Georgia
surveys are estnnates of actual irrigated water
use provided via county extension aeteuts.
Surveyed irrigated water use for each crop
was multiplied by total irrigated area in each
county. Next, linear regression analyses were
used to compare the relationship between
water use estimates obtained via the CTEA
and extension survey data for cotton, corn
and peanuts.

Impact Assessment. Water savings represent
tile total amount of water saved by increas-
ing Cs'F adoption from zero to 100%. BasedOil 	aulount of \vater saved, 'ears of water

Average	 Minimum
(cm)	 (cm)

use Were calculated b dividing the esti-
ii ia tech " 7a ter savingu' (Ml.) by the 111101.111t
Of ' water used per year in Fiilton (237,200
ML yr_i 162 x 10' gal, Cliatliani (63,300
ML yr 116 x 10' gall), Muscogee (62.901)
Ml. yr 116 x 10' gal}), Bibb (213500
ML yr 56 x 10 gal'). I)ougherty (307,300
ML yr	81 x 10' gal]), I .()wildes (46,100
Ml. Vt..	12 x 10' gal)),Tift (38,600 ML yr
1 10x 10' gal), and Coh1uitt (296.600 ML yr
7$ x 10' gall) coin ities ill (USGS 2000).

Water use included public. domestic, irrigated,
industrial, thermo-electri- pow'er, nui ii ng,
livestock, Corn, n iercia I, and aquaculture.

Results and Discussion
Land Use Characterization, Cotton. corn,
and peanuts represent nearly 85% of row
crop production in Georgia, primarily in the

Coastal Plain and Piedmont physiographic
regions (figure 1). In 2004, nearly 797,000 ha
(2 million ac) were planted with cotton, corn
for grain, or peanuts in the Coastal Plain and
Piedmont (CTIC 2004; USGA NASS 2002).
Corn for grani accounted for 12.6%, peanuts
accotu ited for 23.7%, and cotton accounted
for 63.7%. Greater than 90% of the total row
crop land area was planted ill Coastal
Plain pliysiograpliic region. Because this
region of the state is proi ie to long and often
(Iroughtv growing seasons, growers rely on
suppleniental irrigation to achieve expected
y ield potential. These production svsteli is
typically rely upon center pivot or lateral
hove irrigation systems (Evans et il. 199$).

About 30% of row crop producers in
Georgia utilize CsT. prunarily in the fbrin of
ST (CTIC 2004).This is slightly less than the
national CsT adoption rate of 41% (C HC
2004). Ill Cs*]- adoption rates vary
by crop ii id physiographic region. Although
;I CsT adoption rate was observed in
the Piedmont (47%), a relativel y small per-
centage of the land area was planted with
row crops (3,701) ha 19,000 acj) compared to
the Coastal Plain (722,000 ha 11 .8 m illion
acj) with a CsT' adoption rate of 30%. When
expressed by crop, CsT practices accounted
fj )r 41% of cotton and 32% of corn acreages
plantedted iii 2004. At the con ii rv level , adop-

Coastal Plain	Corn	 63.39 (1.71)	24.90 (1.51)
Cotton-peanut	 41.51(l.3)	20.60 (1.31)

Piedmont	Corn	 68.42 (244)	20.67 (3.26)
Cotton-peanut	 4377 (1.74)	13.82 (2.38)

Notes. Average and minimum rainfall during the 30-year period are reported. Standard errors
calculated from precipitation records at individual weather stations within each physiography are
given in parentheses.

Table 3
Rainfall simulation results for the Tifton loamy sand and Cecil sandy loam.

Infiltration	 Runoff
Time in tillage	 Percent	 Percent	ET assigned PAWPhysiography	Soil	Tillage	regime (years)	mm h 1	of rainfall	mm h 1	of rainfall	(mm d 1 )	(day;')

Coastal Plain	Tifton	CT	 6	 26.0(1.8)	51%	25.0 (1.5)	49%	7	37ST	 6	 44.0(3.1)	80%	11.0 (0.6)	20%	7	6.3Dothan	NT-R-P	10	 45.8(1.4)	81%	10.9(1.2)	19%
NT-R+P	10	 45.1 (0.0)	91°A	4.7 (0.5)	9%NT+R-P	10	 47.3(0.0)	97%	1.6(0.2)	3%NT+R+P	10	 53.6(0.0)	97%	2.0(0.1)	4%CT-R-P	10	 17.0(1.5)	39%	26.5(l.6)	61%
CT-R+P	10	 48.8(1.0)	89%	6.0(1.1)	11%Piedmont	Cecil	CT	 15	 25.0 (9.3)	44%	31.0 (9.6)	56%	6	4.2ST	 15	 51.0 (3.6)	90%	6.0 (2.4)	10%	6	8.5Decatur	NT+R+P	11	 47.4(l.4)	95%	2.6(0.7)	5%
NT+R-P	11	 41.9 (5.0)	81%	9.4(13+0) 19%
NT-R-P	11	 40.6 (2.4)	83%	8.2(2.4)	17%
CT-R-P	11	 31.7(1.9)	64%	18.1(0.4)	37%

Notes: CT = conventional tillage, ST = strip tillage, NT = no tillage, -R = residue removed, +R = residue on, +P = with paratillage, and -P = withoutparatillage. Standard deviations are given in parentheses. PAW,, = estimated plant available water content
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lion rates were iilore variable, ranging from
(.)% to nearly 100% adoption. Specifically.
cotton Aild corn exceeded 50% adoption in
22 and 28 counties, respectively.

Rainfall Simulation and Plant Available
Water Content. Data collected at the
University of Georgia Gibbs farm and the
J.P Campbell research facilities demonstrate
that CST reduces runoft increases infiltra-
tion and increases estimated plant available
water content (table 3). Under the condi-
tions evaluated here, infiltration rates for
CST treatments ranged from 44 ± 3.1 nim
him (1.7 ± 0.1 in hr') fir ST treatments
at the Gibbs farm, to 51 ± 3.6 mill hr
(2.0 ± 0.1 in hr) for NT treatments at the
J. 1) Campbell research facilities. Compared
to CST, infiltration tales for convention-
ally nianaged plots ranged from 23 ± 9.3 to
26 ± 1 . 8 nint hr 1 (0.9 ± 0.4 n) hr to
1.0 ± 0.1 in hr'). regardless ofphysiographic
regi oii. All CST treati nen ts resulted ni signifi-
cantly higher infiltration rates compared to
CT treatnieilts. Because actual rainfall events
can vary in duration and nitensitv. values
reported here may be greater than or less
than actual infiltration.

Cs'l' treatments reduced runoff (calculated
as a percentage of rainfall) by 29% and 46% it
the Gibbs t.-iriii and J . P Campbell study sites,
respectivel y. This translates to a 29% to 46%
increase in total infiltrated rainfall. To dciii-
onstrate the impact of increased infiltration,
days of plant available water content were
estinated using an estimated evapotranspira-
tion rate for each soil (table 3). Plant available
water estimates were based on the assuinp-
tion that all infiltrating water was plant
available and that evapotranspiration rates
may vary according to soil specific changes
and management. Based on the assumption
that lateral flow and ground water recharge
is minimal, it was estimated that compared
to Cl' treatments, CsT provided all

 2.6 days of water at the Gibbs farm
and 4.3 days at the J.P Campbell study sites
(table 3). Differences in estimated plant avail-
able water between tillage systems were at
least 70%, an extremely important finding
for the relatively low water holding capacity
soils of Georgia during drought conditions.
Ftirthernioi'e, literature sources suggest that
CST decreases sod evaporative losses, which
were not accounted for m our estimates, and
may lead to increased days of plant available
water in these systems (Christensen et a).
1994: 1 hatfield et al. 2001).

PFigure 2
Comparison between water use estimates (ML) obtained via the Conservation Tillage Effects
Assessment (CTEA) and 2004 University of Georgia Cooperative Extension Service irrigation
survey (Harrison 2005). Observations correspond to counties growing cotton (Gossypium
hirsutum L.), corn (Zea mays L.), or peanuts (Arachis hypogaea) within the Coastal Plain and
Piedmont physiographic region.
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Table
Conservation tillage affects assessment results.

Total irrigated water use (ML)
Conservation

Precipitation tillage	 Mm.	Average	Max.

Water savings (ML)

Mm.	 Average	 Max.
Minimum	Observed	1,921,201	1,716,352	1,599,331	103,675 (5%)	49,482 (2%)	27,308 (1%)

+10%	1.847,986	1,666,269	1,566,370	176,890 (9%)	99,565 (5%)	60,269 (3%)
100%	1,654,512	1,580,543	1,517,342	370,364 (18%)	185,291 (9%)	109,297 (5%)
0%	 2,024,876	1,765,834	1.626,639

Average	Observed	1.408,790	975,030	726.503	222,126 (14%)	106,601 (7%)	58,739 (4%)
+10%	1,311,937	929,504	703,770	318,979 (20%)	152,127 (9°I)	81,472 (5%)
100%	878,502	721.488	587,660	752,414 (46%)	360,143 (22%)	197,582 (12%)
0%	 1,630,916	1,081,631	785,242

Note: Results are given based on the minimum, average, and maximum infiltration rates observed during rainfall simulation.

Si tin hr observations Were ii iad' at the E V.
Smith and Belle Mina Research Centers in
Alabama. At the Linietone Valley site (Belle
Mina Research Center), Yunian ci al. (2003)
showed that NT with p.iratullage and resi-
due ilIan.igemeiit significantly increased
infiltration (31% absolute) compared to CT
systents.At the Coastal plain site (LV. Sntith),
Truman et al . (2005) dci] jot istra ted situ nlar
results showing NT with para-tillage and
residue management increased infiltration
by 58% conipared to CT trejtii]ents with
cover removed and no paratillage. Paratillage
was a major influencing factor oil

 in this region and increased infiltration
by 10% and 50% tit I and Cl treatments,
respectivcl

Accuracy Assessment. An accuracy assess-
ment was conducted to evaluate the validity
of the following three assinuptions:

1. Infiltrating rainfall is equal to plant
available water.

2. Rainfall sniiulation represents aver-
age observed infiltration rates for a typical
spring/summer storm in the Coastal Plain
and Piedmont of Georgia.

3. Conservation tillage fields observe
recommended NRCS best niautagemeitt
practices for CsT.

To do this, water use estimates obtained
via the CTEA were compared with the
2004 University of Georgia Cooperative
Extension Service irrigation survey data.
Based oil analysis, -I linear rela-
tionship between the University of Georgia
irrigation survey (Harrision 2003) for
irrigated water use and the CTLA existed
(12 > 0.96, P < 005) for all crops. However.
the CTEA had a tendency to overestimate
seasonal water usage for cotton and peanuts
by 33% to 38% (figure 2). Coniparativelv. the
CTEA underestniiated corn water usage by

40%.These data indicate that estnnated water
use reported here can be used to describe
relative trends ill agricultural water use as
,I of CST adoption and crop type.
However, qu.nititative estiniares are subject
to the errors described above.

The discrepancy between the CLEA and
survey data is not surprisnig, Differences ill
estuivated water use are likely associated with
tei i iporal var i a tioi]s in precipitation patter its,
not accounted for tit the CT FA. Bosch et
al (1999) studied 30 years of precipitation
data from a dense rain gage network tit
334 k 111 (129 nn 2) watershed tit
Georgia, to evaluate the spatio-teniporal
variability of precipitation patterns tit
Southern Coastal Plain. Bosch et al. (1999)
found precipitation fiequencv was greatest
during midsummer nionthis: however, spatial
variability m ia ni fi II patterns was high du r-
ing this tinte. III 	study, during periods
of extreme wetness or drought the CTEA
may over or underestimate actual water use.
Comparativel y, results front the University of
Georgia Cooperative Extension Set-vice sur-
vey reflect water use asa function of 2004
growing season conditions. In 2004, grow-
ing conditions were affected by drought in
late spring, followed by above average rain-
fall ill snninier (Harrison 2005). Thus,
for cotton and peanuts, which require water
through August and September, it is reason-
able to expect that the extension survey data
would more accurately represent Water use
compared to the CTEA.

Conservation 'I'i1la, 'e Effects Assessment.
III 	average rainfall year. CST systems may
have a substantial nnpaci oil Savings.
Under the current Cs I adoption rate, it is
estimated that CS 'I ctiriently reduces irri-
gated water requirements by 4% to 14% or
58,739 to 222,126 MI. (15.5 to 58.7 x 10'

gal). Using the average mlulti-:itioii rate, the
average expected water s:ivnigs was 7% or
an estiiuiated 100.601 ML (58.7 x 10' gal)
(table 4) Increasing the ad opt i oii of CST
by 10% resulted tit estimated water savings
of 5% to 20%,a1% to 6% mci-ease over
water savings at the current CST adoption
rate. Moreover, if all irrigated row cropped
lands (cotton,. con i;,,, (I  pea rn ts) ni tile
Coastal Plain and I Oed mu iont adopted Cs]
estimated statewide water savings would
peak between 12% to 46%, with an average
estuitated water savings of 22% or 360.143
ML (95 x 10" gal).

Results are a function of the variability
m infiltrationi ri tes observed during rain -
fall sin iula tuoui Studies. Using the miii n i iii nun
observed infiltration rates, estimumated water
savings increased steadml- with increasing
adoption of CsT. ranging froni 14% to 46%
(table 4). Usimug the niaxiniumn observed
infiltration rate fbr both tillage systems,
estnnated water savings ranged from 4%
to 12%. The observed differences in water
savings is likely due to the fact that paratill-
age in some Coastal plain systems call 	to
infiltration rates as high as 89%, ill cases
approaching or exceeding infiltration rates
observed for NT systems (table 3) (Truman
et al 2005). Data demonstrate that although
variability ill soil, landscape position, and
managenient practice ca ll impact infiltration,
relative water savings associated with CsT
adoption call 	observed.

During drou ght years, at the observed
CsT adoption rate. estiun:mted water savings
ranged fioin 1% to 5% (table 4). increasing
the adoption rate of CST by 10% brought
total estimated water savings to 3% to 9%
with a nlaxinliuiii savumigs of 5% to 18% if all
row cropped lands adopted CsT. Using the
average infiltration rate to estnllate savings,
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this amounts to 49,482. 99,565. and 185.291
ML (13 x 10", 26 x 10', and 49 x 10' gal) of
water tinder the observed. 10% iiicreaseand
100% CST adoption scenarios, respectively.

(.oniparmmig water savings between
average and mninimunl precipitation VC31,s

illustrates time potential of Cs I to conserve
water resources statevmde. During an average
year estimated water savings were 31.431 to
118.431 ML (8 to 31 x 10" gal) greater cont-
pared to savings ni a drought year. III
years, water savings decrease as ;I of
crop water is supplied via irrigation in both
tillage systems. However, it is llnport.iiit to
note that relative water savings associated
with the adoption of CST svere observed
under drought conditions.

Impact Assessment. Expanding urban
water needs are currently being met through
increasing surface water withdrawals from
the Chatahoochec, Coosa, and Altamaha
river basins (USGS 2005a). This has resulted
in -I initiative to improve water use
efficiency and sustainability (Cummings et
al. 2005). State mandated water conservation
plans necessitate an accurate understanding
of the impact that best ittanagenient practices
have oil 	water.

Using the observed CST adoption rate,
precipitation III 	average year. and esti-

niated water use iii 2000, it is estimated that
Cci saves the equivalent of0.20 to (1.75 years
((.',olquitt and Dougherty Counties-urban)
or 1.5 to 5.8 years (Tilt County-rural) of
water use (table 5). Increasing ( :s'l adoption
by 10% increases estimated water savnuis to
0.27 to 1.1 years in Col(Iintt and l)oughertv
Counties and 2.1 to 8.3 years in Tilt Cotnitv.
III years, estimated water sav-
ing's tinder the c u rrei it Cs f adoption rate
range from 0.09 to 0.35 years (Colquitt and
Dougherty Counties) or 0.71 to 2.7 years
(Tilt Counts') (table 5). These estimates
are promising, considering the impact CST
systems may have oil 	resources during
water scarcity.

In addition to efforts at the state level to
improve water use efficiency, the U..lcderaI
government has spent $1.9 billion in 2004
and 2005 oil Environmental Quality
Incentives Program (EQI P) (USDA N R CS
2005h). The EQI P program licilitates the
adoption olbest management practices,one of
svhich is CsT.Tltus, a mtmore relevant question
to ask is, where does CST have the greatest
impact on sustainable Water use? Currently,
counties having the greatest nnpact on svater
savings are nearly all located ni the Southern
Coastal Plain. These counties represent areas
of intensive row crop production (>1% of

the state's cotton and corn), and currently
exhibit CST adoption rates in excess of 40%.
This area corresponds to 24.702 ha (61,040
ac) of corn and 183.308 ha (452.964 ac) of
cotton.

Counties with the potential to influence
water savings were also located	nprimarily i
the Coastal Plain. Greater than 50% of corn
and cotton, and n ea rlv 90% of' pea mu is are
planted in row crop intensive counties that
exhibit CST adoption rates less than 40%.
Thus, if CST adoption rates iii these couii-
ties were increased to 40%, estimated water
savings would increase by 'g, to 20%, with
an average estimated savnmgs 1)110% (157.482
ML 141.6 x 10" gal]). Based oil estimates
of water use in 2000. this is equivalent to
an additional 0.66 years of water supply
ni Fulton and I (ibb Counties  (urbai m) or
four years in 'Tilt County (rural). Water
savnigs were calculated for AH average
Precipitation year.

Summary and Conclusions
Our st tidy integrated ra ni fill cm niula tio n
results froi it coiivei iti on ml and CsT studies
in predominant soils of' the Coastal Pla mit
and Piedmont, with currently available crop,
tillage, and soil surve ys. Data were used to
estimate potential \vater savntgs associated
with increasin g CST adoption. Estimated
savings were based on three primary
ascii nt ptions: (1) inf i ltrating rainfall is equal
to plant available water, (2) rautfitll simula-
tion represents :iverage observed infiltration
rates for a typical sprnmg/snnnmter storiim in
the Piedmont or Coastal Plain of Georgia,
and (3) CST fields observe recommended
NRCS best ntanageiiient practices for CsT.
Results indicate that Cs]' currently reduces
estimated irrigation \vater i'eqtni'eifleflts by
4% to 14% compared to estintated water use
Wider 100% CT. Water savings were great-
est in an average precipitation year. During
drought years, a majority of crop water
requirements were stipplmed via irrigatioil.
Variability in water savnmgs was a function
of the range ill infiltration rates observed
during experimentaltal ra iii fill sn itu Ia ti on
studies. Data suggest that although soil, land-
scape position, and niamtageimmeitt practices
are variable throughout the state. estimated
water savings Increase svitlt increasing adop-
tion of CST practices.

The impact of Cs]' was also expuessed nm
terms of days of water use. Using estimated
water savings fromim the C lEA and water use

TabLe 5
Urban water use savings (expressed in years) as a function of water saved under the observed
conservation tillage adoption rate (University of Georgia survey) and an overall increase in
conservation tillage by bOb.

Minimum PPT (years)	 Average PPT (years)
County	Tillage	Mm.	Average	Max.	Mm.	Average	Max.

Bibb	Survey	0.49	0.23	0.13	1.04	0.50	0.28

+10%	0.83	0.47	0.28	1.49	0.71	0.38

Chatham	Survey	1.64	0.78	0.43	3.51	168	0.93

+10%	2.79	1.57	0.95	5.04	2.40	1.29

Colquitt	Survey	0.35	0.17	0.09	0.75	0.36	0.20

+10%	0.60	0.34	0.20	1.08	0.51	0.27

Dougherty	Survey	0.34	0.16	0.09	0.72	0.35	0.19

+10%	0.58	0.32	0.20	1.04	0.50	0.27

Fulton	Survey	0.44	0.21	0.12	0.94	0.45	0.25

+10%	0.75	0.42	0.25	1.34	0.64	034

Lowndes	Survey	2.25	1.07	0.59	4.82	2.31	1.27

+10%	3.84	216	1.31	692	330	1.77

Muscogee	Survey	1.65	079	043	482	169	0.93

+10%	2.81	1.58	0.96	5.07	2.42	1.29

Tift	Survey	268	1.28	0.71	5.75	276	1.52

4.58	2.58	1.56	8.25	3.94	2.11

Notes: PPT = precipitation. Data are reported for average precipitation and drought years and
calculated based on the minimum, average, and maximum infiltration rates observed during
rainfall simulation. Calculations were made by comparing the amount of water saved viaLionservation tillage to water demand in eight Georgia counties in 2000 (USGS 2000).
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In 2000 (USGS 2005a), Csl' may save the
equivalent of 0.2 to 6.0 years of water use as a
function of county water demands in average
precipitation years. Because of the potential
for conservation systems to Conserve water,
a GIS was used to select intensively cropped
counties with CsT adoption rates below the
national average (40%). By increasing CsT
to 40% in targeted counties, estimated water
savings increased an additional 1% to 6%.
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