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Abstract Rice irrigation-water use was estimated in
Mississippi (MS) and Arkansas (AR) in 2003 and 2004.
Irrigation inputs were compared on naturally sloping (i.e.
contour-levee system) and mechanically graded Welds. In
MS, rice production consumed, on average, 895 mm
water, but irrigation inputs were greatly aVected by pro-
duction system. Contour-levee systems accounted for
35% of the production area and consumed 1,034 mm irri-
gation. Fields mechanically graded to a consistent slope of
approximately 0.1% (i.e. straight-levee systems) con-
sumed 856 mm irrigation and accounted for 60% of the
production area. Fields devoid of slope (i.e. zero-grade
system) accounted for 5% of the production area and

consumed 382 mm irrigation. In AR, contour-levee rice
production consumed 789 mm compared to 653 mm with
a straight-levee system. Using low pressure, thin wall (9–
10 mil) disposable irrigation tubing to deliver water to
each paddy independently reduced irrigation inputs by
28% in MS and 11% in AR when compared to a single-
point (levee-gate) distribution system.

Introduction

As the amount of water dedicated to irrigation declines,
agriculture will have to use less water to meet increased
global demands for food and Wber. Thus, water savings
through improved irrigation practices are essential to
meeting the future water needs of both agriculture and
other stakeholders (CAST 1996). Currently, the alluvial
aquifer in the rice producing areas of Mississippi (MS)
and Arkansas (AR) is declining as the result of water
extractions associated with agriculture and aquaculture
irrigation. The maximum rate of alluvial aquifer decline
is associated with areas of intensive aquaculture and rice
production and is approximately 268 mm year¡1 in MS
and 292 mm year¡1 in the Grand Prairie region of
Arkansas (Pennington 2005; Young and Sweeny 2005).
Furthermore, water extractions from the Memphis/
Sparta aquifer, which underlies the alluvial aquifer in the
Grand Prairie region of Arkansas, have led to an aver-
age year decline of approximately 283 mm. Collectively,
this indicates that adoption of water saving irrigation
practices are necessary if current rice production levels
are to be maintained within these regions.

In the United States, rice (Oryza sativa L.) is unique
among agronomic crops because it is grown in Xooded
paddies where Xoodwaters are maintained at a
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constant depth of approximately 80–150 mm through-
out much of the growing season. Growing rice in
Xooded environments results in higher irrigation inputs
in rice when compared to other agronomic crops.

US rice producers distribute water within a rice Weld
using several diVerent methods that may aVect irriga-
tion inputs. In the mid-southern states, the most widely
used method of water distribution is through “levee-
gates” or levee spillways. Water is pumped into a single
point in the paddy with the highest elevation. To
deliver water to the subsequent down-slope paddy, the
preceding up-slope paddy must be over-Wlled to gener-
ate runoV over the levee spillway. This cascade of
water gradually moves over the entire Weld. Therefore,
producers generally keep the entire rice Weld com-
pletely Wlled once the permanent Xood is established.

Multiple-inlet irrigation is an alternative method of
water distribution that is gaining grower acceptance in
the mid-southern United States. With multiple-inlet
irrigation, disposable low pressure, thin wall (9–10 mil)
irrigation tubing, commonly referred to as ‘polypipe’, is
connected to the irrigation source and rolled out down-
slope over the levees. Irrigation outlets are installed
into the tubing to deliver water to each paddy simulta-
neously. Thus, the up-slope paddies do not have to be
over-Wlled to deliver water to subsequent down-slope
paddies. This may increase rainfall-holding capacity and
reduce over-pumping and tail-water runoV from irri-
gated rice Welds (Tacker et al. 2002; Vories et al. 2005).

Our survey was designed to determine typical irriga-
tion practices and water consumption associated with
these practices for rice produced in AR and MS.
Located in these states is an 11,200 km2 area of intense
agricultural activity along the lower Mississippi River
known as the Mississippi alluvial plain (also referred to
as the “Mississippi River delta”). The states along the
Mississippi River delta account for more than 75% of
the US rice cropped area (USDA-NASS 2004). Fur-
thermore, we hope this manuscript helps researchers
and modelers understand how study methodology and
irrigation practices can inXuence irrigation inputs in
mid-southern rice production. Collectively, this infor-
mation can help policy makers and resource managers
understand the relationship between rice production
and hydrology in the Mississippi River delta.

Methods

Mississippi

A rice irrigation survey was conducted as part of the
water-use and aquifer-level monitoring programs of

the Yazoo–Mississippi Delta Joint Water Management
District (YMD). The survey estimated water use by
agriculture (agronomic crops and aquaculture) in the
MS counties located in the Mississippi River delta.
Four diVerent methods of rice irrigation were com-
pared: (1) contoured-levee + levee-gate (CL + LG),
(2) straight-levee + levee-gate (SL + LG), (3) straight-
levee + multiple-inlet (SL + MI), and (4) zero-grade
(ZG). CL + LG Welds had unmodiWed compound
slopes. Levees were serpentine, irregularly spaced, and
generally separated by about 60 mm of vertical fall.

SL + LG Welds had been graded by earth moving
equipment and had nearly zero side-slope. The most
common grade on straight-levee Welds was about 0.1%,
but this varied depending on soil properties prior to
leveling. SL + LG Welds generally had straight or
slightly bending levees that were spaced relatively uni-
formly at 30–60 mm of fall. These Welds were often sur-
rounded by a permanent road-like levee commonly
referred to as a “pad.” SL + MI Welds used disposable
irrigation tubing to simultaneously deliver water to
each paddy within a Weld. In ZG Welds, all slopes were
removed; hence, the production area was devoid of
internal levees but conWned by a permanent pad.

Rice irrigation surveys were conducted using a por-
table ultrasonic single channel Xow meter (Model
1010P, Controlotron Corporation) to measure water
Xow from the irrigation source. During February,
March, and April, agricultural Welds irrigated with elec-
tric wells were identiWed from the YMD well permit
database. The latitude–longitude and electrical meter
readings of these wells were recorded. Personnel
returned to all identiWed wells on a weekly basis to fur-
ther select wells that were speciWcally dedicated to rice
production. These wells with the corresponding pro-
duction area were selected as water use survey sites.
The Xow rate, energy consumption rate, area under
irrigation, and irrigation method were recorded for all
survey sites. The electrical meter serving each well was
read on a monthly basis throughout the growing sea-
son. Research has shown that seasonal rice water use is
varies by rice cultivar and soil type (Pringle 1994).
However, for this study, these factors were assumed
random across rice irrigation treatments, and their
inXuence was not accounted for in these water use esti-
mates.

Since the purpose of the survey was to monitor irri-
gation water consumed by crop production, rainfall
was not monitored at individual survey sites. However,
daily rainfall measurements from NOAA weather
stations were obtained throughout the MS survey area
(National Climatic Data Center 2005). The irrigation
data in MS did not diVerentiate between water
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consumption during pre-Xood irrigation inputs (i.e.
“Xushes”) and permanent Xood inputs; all irrigation
inputs were recorded. Additionally, the survey
approach was designed to be unobtrusive and did not
inXuence the agronomic management of rice crops or
the water management practices of participating rice
producers.

In addition to the rice irrigation survey, a study was
conducted in 2004 to determine the percentage of rice
area in MS produced using diVerent methods of irriga-
tion. Two hundred wells that were permitted as rice/
soybean irrigation wells were selected at random from
YMD’s well permit database. The randomly selected
wells were ground-inspected during the growing season
and the rice irrigation method was recorded. These
data allowed for an accurate estimation of the fre-
quency of various irrigation methods.

Arkansas

Rice irrigation water use estimates were recorded as
part of the University of Arkansas’ Rice Research Ver-
iWcation Program (RRVP). Established in 1983, this
program was designed to verify the proWtability of Uni-
versity of Arkansas recommendations in rice Welds
with less than optimum yields or returns (Branson
et al. 2004). RRVP emphasizes management intensity
and integrated pest management to maximize returns.

Four diVerent methods of irrigation were compared:
(1) CL + LG, (2) contoured-levee + multiple-inlet
(CL + MI), (3) SL + LG, and (4) SL + MI. In both 2003
and 2004, ten rice producers across the rice producing
region of AR were selected to participate in the
RRVP. Each growers participating in the RRVP
agreed to pay production expenses, record all produc-
tion inputs, provide expense data, and implement all
University recommendations in a timely manner from
planting to harvest on a single speciWed Weld.

At each RRVP location, irrigation pumping was
recorded with Xow meters (McCrometer®) from plant-
ing until Xood termination. In both years of the survey,

rainfall during April and May was suYcient, and none
of the Welds were Xushed with irrigation water prior to
establishment of permanent Xoods.

Statistical analysis

Data were analyzed using mixed model analysis (SAS
Institute Inc. 2003). Year and location (well and corre-
sponding rice producing area) eVects were considered
random. Because water management treatments
diVered between the MS and AR locations, data from
each state were analyzed separately. Data means were
separated using least signiWcant diVerence (0.05).

Results and discussion

Mississippi

Irrigation inputs from 81 sites were surveyed between
April 2003 and September 2004 (Table 1). Straight-
levees using levee gates (SL–LG) irrigation was the
most common rice water management practice with 31
sites, representing 38% of the locations surveyed.
SL + LG irrigation was followed by CL + LG irrigation
with 24 locations (30%), SL + MI irrigation with 15 loca-
tions (19%), and ZG irrigation with 11 locations (14%).

The irrigated area per well (i.e., Weld size) ranged
from 27.3 to 43.2 ha but did not diVer across water
management treatments (Table 1). These data agree
with a similar survey of MS rice producers from 1991 to
1994 which reported an average area of production of
40.5 ha per well (Cooke et al. 1996). Pump capacity
also did not diVer across water management treatment
and ranged from 130 to 138 l min¡1 ha¡1 (Table 1).
These values agree with the 128 l min¡1 ha¡1 reported
by Cooke et al. (1996) in an earlier survey. Because
two diVerent dependent variables (i.e. production area
per well and pumping capacity) are similar between the
Cooke et al. (1996) and our survey, general methodol-
ogies were likely similar between studies.

Table 1 Summary of the inXuence of rice irrigation method on irrigation input in Mississippi during 2003 and 2004 growing seasons

Averaged across 2003 and 2004, May to August rainfall equaled 470 mm. Means within a column followed by the same letter are not
statistically diVerent (� = 0.05). Standard error of the least square means is in parenthesis

Irrigation 
method

Number of
locations

Area under 
irrigation 
(ha)

Pump capacity 
(l min¡1 ha¡1)

Irrigation 
input 
(mm)

Contour + levee-gate 24 38.0a (4.16) 133.7a  (20.15) 1034a (55.3)
Straight-levee + levee-gate 31 27.3a  (3.67) 130.3a (19.48) 856ab (51.5)
Straight-levee + multiple-inlet 15 31.6a (5.20) 138.0a (21.87) 619bc  (64.7)
Zero-grade 11 43.2a  (6.02) 134.8a (23.79) 382c  (77.0)
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The minimum recommended pump capacity for rice
production in MS is 140 l min¡1 ha¡1 (Miller and Street
2000). Forty-seven of the 81 surveyed sites had pump
capacities below the recommended minimum. The
pump capacity was below 100 l min¡1 ha¡1 for approxi-
mately 25% of the surveyed sites (data not shown).
Rice production with pump capacities less than the rec-
ommended minimum is not advised for several rea-
sons. First of all, during exceedingly dry years, with
limited pump capacity, it may not be possible to Xush
or Xood the Welds fast enough to prevent stand loss or
yield reductions as the result of moisture deWcits
(Miller and Street 2000). Secondly, insuYcient pump
capacity can delay establishing a complete Xood on the
entire Weld beyond the advised window of 4–5 days.
Since approximately two-thirds of the seasonal nitro-
gen is applied as urea immediately prior to Xooding the
rice (Norman et al. 1997), delayed Xood establishment
can result in excessive nitrogen loss through ammonia
volatilization (Wilson et al. 2001, 1998). This may
result in yield reductions because of nitrogen deWcien-
cies in the areas of the Welds that are the last to Xood
(Brandon and Wells 1986). Since multiple-inlet irriga-
tion delivers water to all paddies simultaneously, it is a
more eYcient method of irrigation distribution
(Tacker et al. 2002). Given the limited pumping capac-
ity found in this survey, it may be possible that many
MS rice producers could beneWt from the improved
Xooding eYciency with multiple-inlet distribution com-
pared to levee-gate distribution.

Water management treatments greatly inXuenced
irrigation inputs. Rice grown with CL + LG irrigation
used an average of 1,034 mm of irrigation water with a
standard error (SE) of 55.3 (Table 1). CL + LG irriga-
tion was followed by SL + LG irrigation at 856 mm (SE
51.5), SL + MI irrigation at 619 mm (SE 64.7), and ZG
at 382 mm (SE 77.0). Because of the large variations in
water inputs within each management treatment,
CL + LG and SL + LG were not signiWcantly diVerent.
However, water inputs with SL + MI irrigation was sta-
tistically lower than CL + LG irrigation, and ZG was
statistically lower than CL + LG and SL + LG.

SL + MI irrigation consumed 619 mm of irrigation
water, representing a 40% reduction in irrigation com-
pared to CL + LG irrigation and a 28% reduction in
irrigation compared to SL + LG irrigation. These data
suggest the water saving practices of straight-levee rice
production and multiple-inlet irrigation distribution
are additive. Including multiple-inlet distribution
within rice production systems was shown by Tacker
et al. (2002) and Vories et al. (2005) to reduce irriga-
tion inputs by approximately 25%. Furthermore, multi-
ple-inlet distribution can be equally eVective within

both contour- and straight-levee production systems
with minimal equipment and labor adaptations. These
two production systems account for 95% of the rice
production area in MS. Thus, widespread adoption of
the multiple-inlet distribution system could result in
signiWcant irrigation water savings on rice.

Zero grade irrigation consumed 382 mm of irrigation
water, representing 63, 55, and 38% water saving com-
pared to CL + LG, SL + LG, and SL + MI irrigation sys-
tems, respectively. Currently, ZG irrigation accounts for
only 5% of the rice production area in the state
(Table 3). The percentage of area in ZG irrigation has
reached a steady state in MS (Thomas 2005). One of the
main reasons for this is that ZG is poorly suited for soy-
bean production (Blaine 2005). Mississippi State Uni-
versity recommends a rice–soybean rotation to avoid the
eventual declining yields that are often observed when
land is continuously cropped with rice (Miller and Street
2000). In MS, ZG rice production is not expected to sig-
niWcantly increase above the current level (Thomas
2005). Thus, the regional water saving potential with ZG
irrigation is low when compared to SL + MI irrigation.

An estimation of the “average” rice irrigation input
for the state of MS can be calculated by taking a
weighted average of irrigation inputs for CL + LG,
SL + LG, and ZG irrigation systems based on the per-
centage area of production for each irrigation system.
If we assume that multiple-inlet distribution use is neg-
ligible compared to the total area of rice production in
MS, the weighted average for rice irrigation inputs is
895 mm (Table 3).

Including multiple-inlet distribution in a contour-
levee or straight-levee system can result in a 25% water
savings as compared to single-point distribution (Tacker
et al. 2002; Vories et al. 2005). If 40% of the rice con-
tour- and straight-levee production area included multi-
ple-inlet distribution, the theoretical average rice
irrigation input for MS-grown rice decreases to 807 mm
(Table 3). If 80% of the contour- and straight-levee pro-
duction area includes multiple-inlet distribution, the the-
oretical average rice irrigation input equals 720 mm. As
stated earlier, widespread adoption of multiple-inlet dis-
tribution has the potential to greatly reduce irrigation
inputs in MS-grown rice.

It may of interest to compare this recent rice water
use survey to an earlier survey conducted by Cooke
et al. (1996). Least square means analysis of Cooke
et al. (1996) data indicated that CL + LG irrigation
consumed 803 mm (SE 45.8) of irrigation water. Given
the larger number of CL + LG observations (60 loca-
tions) in the Cooks et al. survey compared to our more
resent survey (24 locations), the amount of variation
between the two studies is very similar.
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In our survey, rice grown with SL + LG irrigation
received 856 mm irrigation (Table 1). This represents a
17% saving compared to CL + LG irrigation. Least
square means analysis of Cooke et al. (1996) data indi-
cated that rice grown with SL + LG irrigation con-
sumed 725 mm (SE 41.6) of irrigation water. Given the
larger number of SL + LG observations (94 locations)
in the Cooks et al. survey compared to our more resent
survey (31 locations), the amount of variation between
the two studies is very similar. Interestingly, CL + LG
irrigation inputs increased by 267 mm (35%) between
the two surveys, while the SL + LG irrigation inputs
increased by 118 mm (16%). The diVerence in irriga-
tion inputs between this survey and the one conducted
by Cooke et al. (1996) cannot be explained by varia-
tions in the amount of growing-season rainfall between
the two survey periods. From May through August, the
cumulative rainfall in the Mississippi Delta during the
Cooke et al. (1996) survey was 487 mm compared to
470 mm in this survey (Table 2). Furthermore, the
average pump capacity between the Cooke et al.
(1996) survey and this survey was within 2–8% of each
other. Since the amount of rainfall (Table 2) and pump
capacity varied by less than 10% from the Cooke et al.
(1996) survey, the variables of growing-season rainfall
and irrigation pump capacity do not explain the diVer-
ent estimates between the two surveys. However, some
survey methodology, land modiWcations, and agro-
nomic practices may have diVered between the two
surveys.

One possible explanation for higher irrigation inputs
in the later survey compared to the survey by Cooke
et al. (1996) may be related to pre-Xood irrigation
inputs. It is not clear whether the Cooke et al. (1996)
survey included water consumed during repeated irri-
gations (i.e. ‘Xushing’) prior to permanent Xood estab-
lishment. However, the later survey was designed to
record inputs related to pre-Xood Xushing. Since each
Xush consumes 50–100 mm of water, this can greatly
inXuence the total irrigation inputs during rice produc-

tion. The potential diVerence in pre-Xood irrigation
inputs between the two surveys may explain why irriga-
tion inputs were higher in the later survey compared to
the earlier survey.

An additional factor that may have inXuenced the
higher irrigation inputs for CL + LG irrigation in our
survey compared to Cooke et al. (1996) is that, cur-
rently, a greater proportion of rice Welds are in a
straight-levee system than in a contour-levee system
compared to when the surveys were conducted by
Cooke et al. (1996). During the mid- and late-1990s,
the amount of rice production area in MS that was con-
verted from a contoured-levee system to a straight-
levee system greatly increased (Street 2005).

We could not Wnd data citing the percentage of rice
production area in diVerent irrigation systems during
the time period of the Cooke et al. (1996) survey. How-
ever, in 2004, 60% of the rice production area in MS
was in some type of straight-levee system compared to
35 and 5% for contour-levee and zero-grade systems,
respectively (Table 3). The cost of precision land-form-
ing Welds is directly related to the amount of soil that
has to be moved during the grading operation (Laugh-
lin and Mehrle 1996). Therefore, it is reasonable to
assume, that the since the survey by Cooke et al.
(1996), Welds that remain in a contour-levee system are
the least cost eVective to convert to a straight-levee sys-
tem due to their relatively steep slopes that would
require signiWcant soil movement. Thus, the 35% of the
rice production area that currently remains in a con-
toured irrigation system is possibly more diYcult to
irrigate than the contoured-levee Welds sampled in the
Cooke et al. (1996) survey because of steep, compound
slopes and shallow, course soil types. The increased
conversion of rice Welds to a straight-levee system since
the earlier survey may explain why the most recent sur-
vey found that contour-levee rice production con-
sumed 35% more water than in the Cooke et al. (1996)
survey, but straight-levee rice only consumed 16%
more in the latest survey when compared to the survey
done by Cooke et al. (1996).

Arkansas

A total of 20 sites participated in the University of
Arkansas RRVP during 2003 and 2004. CL + LG and
SL + LG were studied on Wve locations each (Table 4).
CL + MI irrigation was studied on four sites, and
SL + MI irrigation was on six sites. The area irrigated
per well ranged from 9.8 to 33.4 ha (Table 4). Pump
capacity in the AR study was much higher than in the
MS survey and ranged from 151.0 to 281.9 l min¡1 ha¡1

(Table 4). All pump capacities within the AR study

Table 2 Cumulative rainfall from May through August in
Mississippi Delta during separate Mississippi rice irrigation surveys

County In-season cumulative rainfall (mm)

Cooke et al. survey Reported survey

1991 1992 1993 1994 Average 2003 2004 Average

Bolivar 508 434 471 414 457 412 446 429
Sharkey 316 525 622 535 500 436 615 526
SunXower 550 486 431 476 486 364 598 481
Tunica 461 470 553 536 505 468 417 443
Average 459 479 519 490 487 420 519 470
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exceeded the recommended minimum pump capacity
of 140 l min¡1 ha¡1, suggesting that farmers participat-
ing in the Arkansas RRVP may not accurately repre-
sent the range of actual production variables. This is to
be expected given the stated objectives of the RRVP.
Irrigation inputs in the AR study ranged from 583 to
789 mm (Table 4). Irrigation treatments did not diVer
statistically because of the limited sample size and
large variability. CL + LG consumed 789 mm irrigation
as compared to 1,034 mm irrigation in the MS survey.
Additionally, SL + LG irrigation consumed 653 mm
irrigation in the AR study compared to 856 mm irriga-
tion in the MS survey.

The diVerences in pump capacities and overall irri-
gation inputs between the AR and MS studies are
probably the result of these two studies having dissimi-
lar objectives and methodologies. The MS survey
attempted to estimate the water consumed by rice pro-
duction without altering water management practices

or agronomic inputs. The University of Arkansas
RRVP focused on management intensity and inte-
grated pest management to maximize economic
returns to the producers. As a result, the sample of
growers in AR was not as large as that in the MS sur-
vey where growers were randomly selected. The grow-
ers participating in the AR study were identiWed as
willing participants who agreed to alter crop manage-
ment from their normal practices in an eVort to
increase net returns. Thus, AR growers and scientists
were likely more conscientious about limiting over-
pumping than survey participants in MS. The smaller,
selective sampling in the AR survey means that the
participating growers may have been less representa-
tive of the practices of most rice growers than the
larger, randomly selected sample in the MS survey.

In summary, when comparing diVerent methodolo-
gies estimating rice irrigation inputs, having a large
number of unobtrusive observations, as in the MS sur-
vey, may provide a more accurate estimate of rice irri-
gation inputs than methods that use a more limited
number of observations while focusing on grower agro-
nomic eYciency. A large random survey is especially
beneWcial when trying to understand how diVerent
agronomic variables (soil type, tillage, practice, irriga-
tion distribution method, etc.) may aVect total irriga-
tion inputs.

Even though the study methodology diVered in MS
and AR, several conclusions hold true across both
studies. “Typical” seasonal rice irrigation inputs of
760–900 mm are within the observed results of both
studies. The data support the conclusion that both
straight-levee rice production and multiple-inlet irriga-
tion result in water savings compared to production
practices that use neither. Additionally, some degree of
the water savings achieved with each of the practices
appears to be additive when the practices are com-
bined.

Grower adoption of water saving irrigation practices
is successfully occurring in AR and MS. Where natural
slopes and soil depths are favorable, widespread adop-

Table 3 Percentage of total MS rice production area in various
production systems and estimated total irrigation inputs within
each system with increasing acceptance of multiple-inlet irriga-
tion

a Calculated in 2004
b Calculated from 2003 and 2004 data. Percentage of area includ-
ing multiple-inlet irrigation only aVects contour- and straight-
levee systems (i.e. does not apply to zero-grade production
system)

Production 
system

Area of 
production 
(%)a

Estimated
irrigation 
inputs (mm)b

Percentage of area 
including
multiple-inlet 
irrigation 

0 20 40 60 80

Contour-levee 35 1,034 982 931 879 827
Straight-levee 60 856 813 770 728 685
Zero-grade 5 382 382 382 382 382
Weighted 
average

895 851 807 763 720

Table 4 Summary of the inXuence of rice irrigation method on irrigation input in Arkansas during 2003 and 2004 growing seasons

Averaged across 2003 and 2004, May to August rainfall equaled 392 mm

Means within a column followed by the same letter are not statistically diVerent (� = 0.05)

Standard error of the least square means in parenthesis

Treatment Number of 
locations

Area under 
lrrigation (ha)

Pump capacity
(l min¡1 ha¡1)

Irrigation
input (mm)

Contour + levee-gate 5 9.8a  (9.79) 281.9a  (48.88) 789a (75.3)
Contour + multiple-inlet 4 33.4a  (33.4) 151.0a  (53.27) 702a  (82.9)
Straight-levee + levee-gate 5 21.1a  (21.06) 199.6a  (49.88) 653a  (75.3)
Straight-levee + multiple-inlet 6 20.2a  (20.18) 192.5a  (48.37) 583a  (70.1)
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tion of straight-levee rice production has occurred.
Adoption as been stimulated by the Natural Resources
Conservation Service’s (NRCS) cost share programs
that provide willing landowners the opportunity to
oVset the costs of land improvements such as precision
leveling, underground water delivery, and permanent
exterior levees (pads).

Furthermore, producers perceive that these ‘perma-
nent’ improvements increase many aspects of produc-
tion eYciency (Laughlin and Mehrle 1996). With
straight-levee rice production, growers can use more
ground equipment to apply fertilizer and pesticides
instead of being forced to make the applications by air
in a contour-levee system. Ground application is less
expensive and often producers already own equipment
to make these applications instead of contracting with
aerial applicators. Additionally, with permanent pads,
hand-labor is not required to physically join (butt) inte-
rior levees to exterior levees. This greatly reduces sea-
sonal on-farm labor requirements in rice production
and reduces the number of levee breaches that compli-
cate rice production during seasonally intense rainfall
that is common to this region of the United States.

District (local) NRCS commissioners decide designa-
tion of approved NRCS cost share practices and the
amount of the cost share payment for each practice.
Within the previous two years, many NRCS districts in
MS have approved cost share programs that cover most
of the material and labor costs associated with multiple-
inlet irrigation. This policy has encouraged growers to
experiment with multiple-inlet irrigation and learn the
system with minimal capital expenditures. It appears
that the more progressive rice producers prefer multi-
ple-inlet irrigation and the adoption of this practice is
being expedited by word-of-mouth testimonial.

Future research will focus on alternative Xood man-
agement practices that may allow producers to capture
more of the 280 mm of rainfall that occur throughout
the period when rice is traditionally Xooded. This may
result in decreased water inputs and reduced non-point
source pollution runoV from rice Welds.
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