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HIGHLIGHTS

e Anintegrated research and Extension program promoted adoption of computerized hole selection (CHS), surge irrigation,
soil moisture monitoring, and multiple inlet rice irrigation (MIRT) for surface irrigators in Arkansas.

o Using a contest design, water use efficiency (WUE) was determined for maize, soybean, and rice fields, and report cards
were provided to contest participants to provide feedback on their irrigation acumen.

o The highest yielding fields did not always result in the highest WUE.

o The contest was implemented on working commercial farms in the Arkansas Delta using flowmeters and in-field crop
yield checks for the purpose of promoting adoption of irrigation water management (IWM).

ABSTRACT. The Arkansas “most crop per drop” irrigation contest is an integrated research and Extension program devel-
oped to assess water use, rainfall, and yield for the purpose of estimating water use efficiency (WUE). The irrigation contest
resembles traditional yield contests, with the goal of documenting WUE and increasing adoption and awareness of irriga-
tion water management (IWM) practices in the region. Adoption of IWM practices was greater for those who participated
in the contest than their Arkansas peer average, with documented adoption increases of 33% for computerized hole selec-

tion, 28% for surge irrigation, and 51% for soil moisture monitoring.

Keywords. Computerized hole selection, Soil moisture monitoring, Surge irrigation.

n 2012, faculty from the University of Arkansas and
Mississippi State University identified four conserva-
tion practices that were easily adopted but under-used
by irrigators in the mid-south region. The mid-south re-
gion includes Arkansas, the bootheel of Missouri, Missis-
sippi, and Louisiana, and its irrigation water is supplied by
the Mississippi River valley alluvial aquifer. The region is
primarily flood and furrow irrigated. The four IWM prac-
tices identified were computerized hole selection (CHS),
surge irrigation, soil moisture monitoring, and multiple inlet
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rice irrigation (MIRI). Since that time, another practice, al-
ternating wetting and drying (AWD), or intermittent flood-
ing of rice paddies, has been recognized as an effective IWM
practice. Demonstration programs were implemented in the
region to compare the synergistic implementation of CHS,
surge irrigation, and soil moisture monitoring compared to
current practices. Paired fields (usually adjacent or not more
than 500 m apart) on working commercial farms were orga-
nized across the Mississippi and Arkansas Delta regions
from 2013 until 2017, primarily in furrow-irrigated soybean
and maize fields (Bryant et al., 2017; Spencer et al., 2019).
Portable propeller flowmeters were installed on a control
field and on a field using all three IWM practices with the
same soil type, same cultivar, and management. Total field
crop yields were provided by farmers using certified scales.

The researchers found that implementing these practices
on 20 paired furrow-irrigated soybean fields reduced water
use by 21%, increased water use efficiency (WUE) by 36%,
and reduced irrigation by 50% with no yield penalty (Bryant
et al., 2017). Net returns were not appreciably different be-
tween the control and IWM fields even when the pumping
cost was varied relative to well depth (5.4 to 122 m) and die-
sel cost was between $0.46 L' and $1.06 L' (p = 0.53).
When the same study was done with 18 paired maize fields
between 2013 and 2017, yields were 0.14 Mg ha! higher (p
= 0.0137) for the IWM fields than for the control fields
(Spencer et al., 2019). Water use was 40% less on the IWM
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fields than the control fields (p = 0.002), and irrigation WUE
was 51% higher (p = 0.0062). Net returns were $10.12 ha!
to $15.86 ha! higher depending on pumping depth and diesel
fuel cost (p = 0.0115), demonstrating that investment in
IWM can yield improved profitability while reducing de-
mand on overdrawn aquifers.

MIRI is the practice of using lay-flat polyethylene irriga-
tion pipe to distribute water evenly between rice paddies in
a contour or precision-graded flooded rice field. In conven-
tionally flooded rice fields, water cascades from one levee or
paddy to the next using a gate or spill when the water depth
(120 to 200 mm) is high enough for water to spill over.
Vories et al. (2005) documented that MIRI reduced water
use and pumping time by 25%. The Vories study was con-
ducted on farms where MIRI fields were paired with con-
ventional cascade-flooded fields, and the agronomic deci-
sions were the same between the fields. Thus, the treatment
effect was only the difference in the water management.
Henry et al. (2016) studied water use reported through the
University of Arkansas Rice Verification Program (RRVP).
The RRVP teaches proper implementation of Extension rec-
ommendations to farmers and those who advise farmers.
Henry et al. (2016) found no statistical difference in water
use (p = 0.88) between MIRI fields and conventional cas-
cade-flooded fields between 2003 and 2012. The authors
theorized that either the fields were too small to capture the
irrigation water use difference between flooded and MIRI
fields, or that farmers were not managing or applying MIRI
appropriately, likely guessing hole sizes.

MIRI proportions the irrigation flow for a field based on
the area within each levee or paddy in the field. The gates
installed in the pipe provide several different flow rates, and
the flow rate is matched to the flow required for each flooded
area. Thus, the water management plan includes a combina-
tion of holes, gates, and gate settings to match the flow
needed for each flooded area. In 2012, it was challenging for
farmers to implement MIRI because the individual levee
area was not easy to determine. Without knowledge of the
individual levee or paddy area, it is not possible to imple-
ment a MIRI plan. Thus, irrigators often guess at how many
holes to punch and how to set the gates for each levee. While
some efficiency can be gained from this, uniform flooding
and distribution of water cannot be achieved. Furthermore,
the main reason MIRI was not implemented was the chal-
lenge associated with determining the areas of very irregu-
larly shaped levees.

Thus, a project was initiated in 2013 to develop a mobile
app to aid irrigators in the design and implementation of
MIRI (UA Irrigation Management Team, 2016, 2017). The
mobile app, called Rice Irrigation, provided a means to
measure levee areas and perform the calculations for MIRI
planning. By 2019, farmers representing about 10% of the
rice area in Arkansas were using the app to aid in the design
of MIRI. Many county Extension programs have demon-
strated the app for farmers.

Results from these efforts have been disseminated
through county production meetings, irrigation meetings,
conference meetings, and irrigation schools. However, the
effectiveness of this type of demonstration program is likely
reduced by the observer effect, also known as the Hawthorne
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effect (Roethlisberger, 1941). Individuals who are being
studied may alter their responses due to their awareness of
being observed. For example, in the course of IWM demon-
strations, farmers using soil moisture sensors may alter the
irrigation schedule for the control fields, negating the true
treatment effect, and thus the true treatment differences may
be understated. Additionally, because those participating in
demonstration studies learn from outreach activities, treat-
ment effects may be further reduced during a program. To
combat this observational effect, demonstration programs
may need to evolve or be reinvented. Quality data from on-
farm demonstrations in the region are becoming more diffi-
cult to obtain. Thus, while considerable work has been pub-
lished (Bryant et al., 2017; Spencer et al. 2019), successfully
continuing this type of Extension program is becoming more
difficult. Additional challenges often plague on-farm
demonstrations, including variety and fertility differences,
burst pipes, planting date differences, as well as animal dam-
age that is not discovered until the end of the season. Addi-
tionally, on several occasions, harvest data were lost or not
provided. On average, about half of all on-farm demonstra-
tion comparisons were abandoned for a variety of reasons
because the treatment effect was not properly applied or the
data quality was poor.

MATERIALS AND METHODS

In 2018, a program was developed to address the Haw-
thorne effect and other shortcomings found in on-farm
demonstrations. The Arkansas “most crop per drop” irriga-
tion contest is a research and Extension program that pro-
motes and documents the adoption of IWM practices. A total
of 59 producers from 15 counties throughout the Arkansas
Delta region participated in the contest in 2018 and 2019.
The contest generated new data about crop-specific WUE
(kg ha-mm™), crop yield (kg ha™!), and total water use (mm).
The winner in each crop category was the contestant with the
greatest WUE. Each producer used at least one or more IWM
tools (e.g., CHS, MIRI, soil moisture sensors, or surge irri-
gation).

Rules were developed for the contest, and a website was
created to host contest information and entry forms. The con-
test rules were adapted from traditional yield contests (Ar-
kansas Soybean Association, 2018; National Corn Growers,
2015; National Wheat Foundation, 2018). Unlike traditional
yield contests, the Arkansas irrigation contest awards cash
prizes to contestants with the greatest WUE, where WUE is
defined as the crop yield divided by the total water received
by the field. Total water is defined as precipitation plus irri-
gation. Precipitation was estimated from meteorological
computer models, and irrigation volume was totalized with
portable propeller flowmeters that were installed with tam-
per-proof safeguards. As in traditional yield contests, crop
yield was supervised and witnessed by impartial observers,
including Extension, USDA Natural Resource Conservation
Service, and Conservation District employees.

Harvest yield estimates were determined in a manner sim-
ilar to the California Rice Yield Contest, the National Corn
Growers Association Yield Contest, the National Wheat
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Yield Contest, and the Arkansas “Go for the Green” Contest.
Contestants harvested a minimum of 1.2 ha, from the top of
the field to the bottom, and skipped two harvest machine
widths between paths. A supervisor and a flowmeter were
required for participation in the contest. University of Ar-
kansas staff facilitated the contest, and a panel of irrigation
experts served as judges to review and confirm the methods
and final results.

WATER USE EFFICIENCY
Irmak et al. (2011) defined crop WUE as a benchmark
metric:

WUE,, = Y; /(P,+ IR +DSW) (1)
where

WUE, = benchmark WUE (kg ha-mm™")

Y; = yield of irrigated crop (kg ha™)

P, = effective rainfall (mm)

IR = irrigation applied (mm)

ASW = change in soil water content in the root zone dur-

ing the growing season (mm).

For the irrigation contest, this equation was used without
considering ASW. Because no accommodation was provided
for soil type, the contribution of ASW was ignored. High
spring rainfall amounts are typical of the Arkansas climate;
thus, it was assumed the soil water content was near field
capacity during the first month of emergence. If the WUE
values from the contest are used for other purposes, an ad-
justment to accommodate ASW would be needed to more
closely estimate the actual WUE of the data collected in the
contest.

A challenge in determining WUE is the difficulty in esti-
mating effective precipitation (P,), i.e., the amount of rain-
fall that is stored by the soil after the excess leaves the field
as runoff. The precipitation events for each contestant were
carefully evaluated for magnitude and impact on the final re-
sults. There are dozens of published methods for estimating
effective precipitation (Patwardhan et al., 1990; Ali and Mu-
barak, 2017), and they are all untested in the mid-south re-
gion. Rather than selecting a published method to estimate
effective precipitation, P. was adjusted for only extreme
events. In the first 30 days after emergence, any individual
precipitation event was adjusted to 5 cm or less. Following
30 days after emergence, rainfall that exceed 7.62 cm was
truncated to 7.62 cm. Most furrow irrigation events are
nearly 7.62 cm, and this was the reasoning for using this P,
value until crop maturity. There were only a few extreme
events in excess of 7.62 cm in the two years of the contest,
and the adjustment did not have any impact on the final rank-
ing of the contestants. In the future, more work is needed to
develop a regionally specific adjustment for effective precip-
itation.

METER SEALING

Irrigation amounts were measured with portable, totaliz-
ing mechanical propeller flowmeters manufactured by
McCrometer (Hemet, Cal.). Each flowmeter was sealed to
the universal hydrant using circle lock clamps or horseshoe
clamps (fig. 1). Serialized cable ties were used to secure the
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Figure 1. Sealing a flowmeter to prevent tampering with the measured
irrigation amounts.

Figure 2. Sealing an alfalfa valve to prevent it from contributing addi-
tional irrigation water.

clamps and fittings. These cables could only be removed by
cutting. The fitting connections were wrapped with poly pipe
tape, and a unique identifying stamp was used across the tape
lines. Universal hydrants were secured to the alfalfa valve
and from the alfalfa valve to the flowmeter using the same
procedure (fig. 1). Any additional fittings were also secured
using this procedure to ensure that no additional irrigation
water source contributed to the field (fig. 2).

Each contestant selected field of at least 12.1 ha size. The
irrigation systems were required to have adequate straight-run
pipe before the flowmeter impeller, but they could include
vanes and flow straighteners when they met manufacture
specifications and guidelines. The flowmeters were checked
against a reference flowmeter and were required to test within
5%. When a flowmeter failed to test within 5%, the water use
was adjusted according to the reference flowmeter.

RAINFALL ESTIMATION

FarmLogs (Ann Arbor, Mich.) and FieldView (Climate
Corporation, San Francisco, Cal.) are computer-based ser-
vices that provide rainfall estimates for user-defined areas.
The rainfall amounts for each contest site, using the location
data provided on the entry forms, were used to track rainfall
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contributions to the fields. The FarmLogs and FieldView es-
timates were compared to twelve publicly available rain
gauges with continuous data throughout the irrigation sea-
son. An analysis was performed to determine if the measure-
ments between weather station locations were different from
the two computer model predictions. The model precipita-
tion estimates were also used to eliminate maintenance is-
sues associated with on-site rain gauges. The rainfall values
were added to the total applied irrigation to determine the
total water use. The modeled rainfall data may not be as ac-
curate as a well-maintained weather station, but the bias was
assumed to be equally distributed across all sites. Data from
18 weather stations were compared to the rainfall predictions
generated by FarmLogs and FieldView during the 2018 and
2019 seasons. Using analysis of variance (ANOVA), no sta-
tistical difference was found between the rain gauges and the
predicted datasets (p = 0.987).

FarmLogs and FieldView produced similar results when
compared to private and publicly maintained tipping-bucket
rain gauges. An absolute match was not necessary for data
accuracy because it was more important to collect rainfall
information for every location with one method, but these
two programs were checked against each other for con-
sistency. In addition, accumulated seasonal rainfall was con-
sidered more important for the contest than single-event ac-
curacy. Rainfall was reported for each contest field for the
period from emergence to maturity using planting dates pro-
vided on the entry forms and the estimated crop maturity
date determined from seed supplier information.

HARVEST YIELD ESTIMATE

The supervisors were encouraged to help the contestants
with irrigation decision-making during the season. Harvest
operations were witnessed by supervisors or University of
Arkansas staff. Before harvest, the combine grain hopper,
grain cart, and truck hoppers were inspected and verified to
be empty. The supervisor witnessed the full and tare weigh-
ing of the harvest truck. Crop yields were adjusted to 12%
moisture for rice, 13.5% for soybeans, and 15% for maize.
Foreign matter in excess of 1% was deducted from the yield.
The winning contestants were required to provide a yield
map of the entire field to confirm that the entire field was
irrigated the same as the contest area. The contest area was
measured and certified by a supervisor. Harvest passes from
the top to the bottom of the field were required after turn row
removal.

Arbitrary minimum yields were 12,572 kg ha™! for corn,
9,092 kg ha! for rice, and 4,041 kg ha'! for soybeans. Thus,
the contestants had to achieve a commercially acceptable
yield and a high WUE to win. As the contest developed, the
judging panel used past year results to further justify a fair
minimum yield.

CONTESTANT REPORT CARD

Each contestant received a report card (fig. 3) showing
the yield and WUE that the contestant achieved relative to
the other contestants. This report card has been an important
feedback mechanism. Two of the winners in 2019 who par-
ticipated in 2018 indicated that their rankings on the report
card incentivized them to improve their management in
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Figure 3. Example report card provided to each contestant, showing
how the contestant ranked among peers in yield and WUE. This exam-
ple uses the inch/bushel/acre units that U.S. producers are accustomed
to and is only for illustrative purposes.

2019. In production agriculture, there are few opportunities
for growers to gauge their management practices and acu-
men. The report card allowed irrigators to compare their
IWM performance and productivity with their peers.

DESCRIPTION OF AWARDS

Winning contestants were recognized for achieving the
greatest WUE in each crop category (corn, soybean, and
rice). In 2018, only first place awards were given. In 2019,
additional funding and sponsorship allowed two awards in
rice and three in corn and soybeans. Additional support for
the program has been provided by McCrometer through a
discount program to provide flowmeters for the contest in
addition to awarding flowmeters to the first-place winners.
Annually, over $60,000 in cash and products are distributed
to contest winners at a state conservation conference. The
conference is well attended by farmers and is well supported
by the irrigation industry. Sponsors also use the conference
as an opportunity to display the donated equipment and
award it to the contest winners.

RESULTS AND DISCUSSION

The contest results were presented to a panel of three
judges, who were experts in the field of irrigation, to review
the technical methods used to determine the rankings. The
panel reviewed and reaffirmed the rankings and could then
propose rule changes for the next season.

In 2015, an irrigation survey of the mid-south region doc-
umented adoption of IWM practices (Henry et al., 2020). In
2015, 40% of irrigators had adopted CHS on 111,289 ha in the
region. In Arkansas, 66% of irrigators reported adopting CHS
on at least one field. Surge irrigation was only used on 4% of
furrow-irrigated fields in Arkansas and on 6% of furrow-irri-
gated fields in the four-state mid-south region. About 24% of
irrigators in the region used soil moisture sensors, but only 9%
of irrigators in Arkansas reported using sensors. MIRI was
practiced on 88,013 ha, with 55% of irrigators reporting.
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On their entry forms, contestants indicated which IWM
tools they used on the contest field. All (100%) of the con-
testants used CHS (e.g., Pipe Planner, PHAUCET, or the
Rice Irrigation app), 32% used surge irrigation, and 55%
used soil moisture sensors to manage irrigation on their con-
test fields. Of the flooded rice entries, four used AWD,
which included MIRI, and two used MIRI (without AWD).
No entrant used cascade-flooding (without AWD or MIRI).
Of the 19 rice entries, 13 used the furrow-irrigated rice (FIR)
method. All corn and soybean fields were furrow-irrigated.

Adoption of IWM practices, such as surge and soil mois-
ture monitoring, is very low in the region, but the contestants
reported much higher adoption of all four of the IWM prac-
tices. We did not expect that so many contestants would use
FIR. Conventional flooding and MIRI of rice are much more
common practices. Only about 12% of the rice area is FIR,
and FIR is considered an emerging and still developing irri-
gation method. Many contestants reported that the contest
provided motivation to try new technology or management
practices to improve their irrigation, and that they plan to use
what they learned from managing their contest field on the
rest of their farming operation.

Table 1 shows the rough rice yields, rainfall, irrigation
water use, total water, and WUE for the rice category of the
contest in 2018 and 2019. The highest yields did not have
the highest WUE. In both years, the winning entry was an
AWD field. In 2019, the highest WUE was achieved with
FIR; however, because the field did not meet the minimum
yield, it was disqualified. In 2018, the highest yield was
13,448 kg ha!, achieved with FIR. This yield is considered
exceptional, but the field received considerable rainfall and
irrigation additions that resulted in a poor WUE. We believe
there should be a yield difference between AWD and FIR.
In 2018, there were four AWD fields and six FIR fields, with
no significant difference in yields between AWD and FIR (p
=0.31) or total water use (p = 0.33). Generally, it is believed
that yields are less and water use is greater with FIR, but the
results of the contest did not support this general belief.

Table 1. Contest results for rice category (2018-2019).

All corn entries were furrow-irrigated during 2018 and
2019 (table 2). As in the rice category of the contest, the
highest yields did not result in the highest WUE. In Arkan-
sas, corn can be planted as early as February through May
and thus is growing when there is often frequent precipita-
tion, so irrigation may not be needed during the season. The
high rainfall experienced by some farmers reduced their
WUE; thus, irrigators who did not receive too much rain and
adequately managed irrigation performed well in the contest.
Winners of the contest in 2018 and 2019 both used CHS,
surge irrigation, and soil moisture sensors, supporting the
findings of Spencer et al. (2019).

All soybean entries were furrow-irrigated in 2018 and
2019 (table 3). Unlike the rice and corn categories, the high-
est yields also resulted in the highest WUE. While other en-
tries had less total water, the main driver for high WUE was
yield, as shown in table 3. All entries used CHS, none used
surge irrigation, and some used soil moisture sensors. The
winner in 2018 did not use soil moisture sensors but had ex-
perience with them from neighboring fields. The winner in
2019 used CHS and soil moisture sensors and indicated that,
as a result of using soil moisture sensors for the first time in
the contest, he planned to adopt the technology on his farm.

The contest provided yield, irrigation water use, and rain-
fall data to compare across the three major crops in the re-
gion. The contest results will provide historical data on WUE
for the region that will be helpful in understanding and doc-
umenting the impact of conservation efforts in the region.

The irrigation contest created many success stories. Two of
the 2019 contest winners who participated in 2018 saw many
improvements as a result of using IWM tools and placed well
in the 2019 contest. Many of the contestants stated that adop-
tion of IWM tools, such as Watermark sensors, takes time, es-
pecially in the first year, until trust is established. Winners
have had the opportunity to discuss their success at confer-
ences and other Extension programs. Peer-to-peer discussions
about using IWM to win a contest can be a powerful motivator
for others who are unsure about such unfamiliar practices. The
contest results are summarized annually in reports and pub-
lished on-line (www.uaex.edu/irrigation).

Year and Total Water Use
Irrigation Yield Rainfall ~ Irrigation Water Efficiency Table 2. Contest results for maize category (2018-2019).
Method  (kgha!)  (mm) (mm) (mm) (kg ha-mm™) Total Water Use
2018 Yield  Rainfall Irrigation = Water Efficiency
AWD 11,550 340 406 746 15.5 Year (kgha)  (mm) (mm) (mm) (kg ha-mm")
AWD 11,151 338 516 854 13.1 2018 13,309 320 107 426 31.2
FIR 9,786 320 483 802 12.2 11,496 327 73 400 28.7
FIR 11,470 362 665 1,027 11.2 14,241 331 215 546 26.1
AWD 11,038 389 646 1,035 10.7 13,706 254 273 527 26.0
FIR 9,634 371 541 912 10.6 13,229 229 287 516 25.6
MIRI 10,535 347 516 1,102 9.6 13,282 294 255 549 24.2
FIR 10,195 187 827 1,014 10.1 13,611 281 306 587 23.2
FIR 13,448 406 1,216 1,622 8.3 16,626 314 429 743 224
Flood 11,253 347 1,012 1,359 8.3 10,043 299 349 648 15.5
FIR 9,714 372 931 1,303 7.5 2019 13,940 458 38 496 28.1
FIR 6,652 383 796 1,180 5.6 15,527 559 - 559 27.8
2019 15,896 493 126 619 25.7
FIR 8,745 498 67 564 15.5 16,348 600 139 740 22.1
AWD 10,501 391 339 730 14.4 12,695 540 83 624 20.4
FIR 10,091 379 574 953 10.6 17,566 767 109 876 20.1
FIR 10,585 474 617 1,091 9.7 17,408 767 109 876 19.9
FIR 8,964 382 604 986 9.1 13,368 657 77 733 18.9
FIR 9,817 461 774 1,235 8.0 15,259 668 151 819 18.6
FIR 9,609 636 602 1,238 7.8 15,038 622 364 986 15.3
FIR 8,211 689 475 1,164 7.1 11,227 828 281 1,109 10.1
63(6): 2083-2088 2087



Table 3. Contest results for soybean category (2018-2019).

Total Water Use
Yield  Rainfall Irrigation Water Efficiency
Year (kgha!)  (mm) (mm) (mm) (kg ha-mm™)
2018 6,465 406 261 667 9.7
4,018 294 195 489 8.2
5,331 447 251 697 7.6
5,354 406 315 720 7.4
3,694 380 124 504 7.3
4,544 419 203 622 7.3
4,077 379 227 606 6.7
3,334 358 142 500 6.7
4,110 358 267 625 6.6
4,571 433 320 752 6.1
4,243 356 389 745 5.7
4,303 335 442 771 5.5
2019 7,061 497 166 664 10.6
6,952 497 166 664 10.5
5,520 488 96 583 9.5
4,576 436 97 533 8.6
4,603 389 156 545 8.4
5,246 530 108 638 8.2
4,486 512 50 562 8.0
3,966 385 151 536 7.4
5,246 530 222 752 7.0
3,921 410 220 630 6.2
2911 415 90 504 5.8
4,701 773 95 868 5.4
5,246 530 442 972 5.4
4,205 550 332 882 4.8
3,911 668 213 881 4.4
CONCLUSIONS

The Arkansas “most crop per drop” irrigation contest is
a novel approach to promoting awareness and adoption of
IWM practices. While there is a monetary prize, the feed-
back provided to each of the contestants on how they com-
pare to their peers gives the contestants a benchmark for im-
proving their water management skills. The contest also doc-
uments regional cropping system WUE data, which can be
used to better understand the long-term profitability of irri-
gators in the region. Adoption of IWM practices has been
higher for those who participated in the contest than their
Arkansas peer average, with documented adoption increases
of 33% for computerized hole selection, 28% for surge irri-
gation, and 51% for soil moisture monitoring. All rice con-
testants used MIRI (and 66% of those used AWD) compared
to the 55% of Arkansas irrigators who reported using MIRI.
The impact and synergy of using various water management
technologies were also quantified in this program. The pro-
gram revealed that FIR yields and water use are very similar
to AWD and MIRI yields. Generally, the highest yields did
not result in winning the contest in the maize and rice cate-
gories but did in the soybean category. We believe that the
contest report card is a key feedback tool that motivates con-
testants to improve IWM on their farms, so every irrigator
who enters the contest is a winner.

ACKNOWLEDGEMENTS

The material is based on work that is supported, in part,
by the USDA Natural Resource Conservation Service, the
Arkansas Corn and Grain Sorghum Board, the Arkansas
Soybean Promotion Board, RiceTec, Mars Corporation,

2088

McCrometer, Seametrics, P and R Surge, Valmont-
AgSense, Trellis, Irrometer, Delta Plastics, and the USDA
National Institute of Food and Agriculture (Project No.
ARKO02591).

REFERENCES

Ali, M. H., & Mubarak, S. (2017). Effective rainfall calculation
methods for field crops: An overview, analysis, and new
formulation. Asian Res. J. Agric., 7(1), article 36812.
https://doi.org/10.9734/ARJA/2017/36812

Arkansas Soybean Association. (2018). Grow for the green soybean
yield challenge rules & entry form. Little Rock: Arkansas
Soybean Association.

Bryant, C. J., Krutz, L. J., Falconer, L., Itby, J. T., Henry, C. G.,
Pringle III, H. C,, ... Wood, C. W. (2017). Irrigation water
management practices that reduce water requirements for mid-
south furrow-irrigated soybean. Crop Forage Turfgrass Mgmt.,
3(1). https://doi.org/10.2134/cftm2017.04.0025

Henry, C. G., Henggeler, J., Krutz, L. J., & Levy, R. (2020). Mid-
South irrigation survey. Unpublished.

Henry, C. G., Hirsh, S. L., Anders, M. M., Vories, E. D., Reba, M.
L., Watkins, K. B., & Hardke, J. T. (2016). Annual irrigation
water use for Arkansas rice production. J. lrrig. Drain. Eng.,
142(11), article 05016006.
https://doi.org/10.1061/(ASCE)IR.1943-4774.0001068

Irmak, S., Odhiambo, L. O., Kranz, W. L., & Eisenhauer, D. E.
(2011). Irrigation efficiency and uniformity, and crop water use
efficiency. Extension circular EC732. Lincoln, NE: University
of Nebraska, Department of Biological Systems Engineering.

National Corn Growers Association. (2015). National corn yield
contest: Entry and harvest rules. Chesterfield, MO: National
Corn Growers Association. Retrieved from
https://membership.ncga.com/Mobile/Shared/EntryHarvestRul
es2015a.pdf

National Wheat Foundation. (2018). National wheat yield contest.
Washington, DC: National Wheat Foundation. Retrieved from
https://wheatfoundation.org/rules-and-registration/

Patwardhan, A. S., Nieber, J. L., & Johns, E. L. (1990). Effective
rainfall estimation methods. J. Irrig. Drain. Eng., 116(2), 182-
193.

Roethlisberger, F. J. (1941). Management and morale. Cambridge,
MA: Harvard University Press.

Spencer, G. D., Krutz, L. J., Falconer, L. L., Henry, W. B., Henry,
C. G, Larson, E. J., ... Atwill, R. L. (2019). Irrigation water
management technologies for furrow-irrigated corn that decrease
water use and improve yield and on-farm profitability. Crop
Forage Turfgrass Mgmt., 5(1), 180100.
https://doi.org/10.2134/cftm2018.12.0100

UA Irrigation Water Management Team. (2016). Rice irrigation.
Mobile application. Fayetteville, AR: University of Arkansas,
Rice Research and Extension Center. Retrieved from
https://play.google.com/store/apps/details?id=org.uark.riceirrigat
ion

UA Irrigation Water Management Team. (2017). Rice irrigation.
Mobile application. Fayetteville, AR: University of Arkansas,
Rice Research and Extension Center. Retrieved from
http://itunes.apple.com

Vories, E. D., Tacker, P. L., & Hogan, R. (2005). Multiple inlet
approach to reduce water requirements for rice production. App!.
Eng. Agric., 21(4), 611-616.
https://doi.org/10.13031/2013.18571

TRANSACTIONS OF THE ASABE




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


