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Initial findings from agricultural water quality
monitoring at the edge-of-field in Arkansas

M.L. Reba, N. Aryal, T.G. Teague, and J.H. Massey

Abstract: With farm-scale knowledge of how production practices affect water quality, land
managers and agricultural producers can make more informed decisions on implementing
soil and water conservation practices that sustain productivity and protect water resources.
The Lower Mississippi River Basin is a major agricultural production region for rice (Oryza
sativa L.), cotton (Gossypium hirsutum L.), and soybean (Glycine max [L.] Merr.); however, there
is limited knowledge on how agronomic practices in those southern cropping systems affect
water quality. Results from environmental models indicate commercial fertilizer from agri-
cultural fields contributes substantially to the hypoxic zone in the northern Gulf of Mexico.
To expand understanding of runoff water quality at the field scale, edge-of-field water quality
monitoring studies were carried out in nine commercial rice, cotton, and soybean fields in
northeastern Arkansas over multiple seasons. These year-round monitoring activities gener-
ated 23 site-years of data on sediment and nutrient concentrations and loads with various soils
and crop rotation regimes. Discharge from runoft, nitrite-nitrogen (NO,-N), nitrate-nitrogen
(NO,-N), total N, soluble phosphorus (P), total phosphorus (TP), and suspended sediment
concentration on a per-event basis were measured. The results indicate that the nongrowing
season loads and concentrations of several measured components were statistically higher than
those measured during the growing season, lending support to the need for oftf-season prac-
tices such as winter cover crops and winter shallow water storage. Lower concentrations and
loads of nutrients and sediment were observed in rice fields compared to cotton and soybean
systems. These differences are likely due to soil type but are also related to the water manage-
ment system of flooded rice fields compared to furrow irrigated row crops. These findings
provide baseline runoff water quality data and will help inform regional budgets of nutrients
and sediment loss. Such information can assist land managers and conservationists in directing
resources more effectively. These data also will support modelers in their efforts to calibrate,
verify, validate, and estimate uncertainty for simulations of nutrients and sediment loss.

Key words: agricultural runoft—edge-of-field (EOF) monitoring—nonpoint source
pollution—nutrient loss—sediment loss

that those nutrients will contribute to farm
profits through improved crop performance
and not be lost in surface water runoff.
Coupled with erosion of precious topsoil,
losses of excess nutrients are manifested in
turbid, hypoxic (low oxygen [O]) and anoxic
(no O) waters as well as sediment buildup in
water resources.

Agriculture is challenged to increase
productivity per unit area while using
fewer inputs and reducing its overall
environmental footprint.  Agricultural
intensification can result in negative envi-
ronmental impacts, such as nonpoint source
pollution (Douglas et al. 1998; Mateo-
Sagasta et al. 2017; Moore et al. 2007; USEPA
2009). For example, nutrients and sediment Examples of eutrophication of coastal
waters include the Baltic Sea (Larsson et al.
1985), the Adriatic Sea (Faganeli et al. 1985),
and the Black Sea (Tolmazin 1985).The most
notable hypoxic zone in the United States is
in the “Dead Zone” located in the northern
Gulf of Mexico (Rabalais et al. 2002). The

lost in irrigation runoff from agricultural
fields can impact water quality in down-
stream waterways. Such losses present both
an agro-economic and an environmental
challenge. When agricultural managers apply
costly fertilizers in fields, their expectation is
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annual size of the hypoxic zone in the north-
ern Gulf of Mexico is most tightly linked to
the nitrate (NO,) and nitrite (NO,) loads
measured at Baton Rouge, Louisiana, in May
(Turner et al. 2008). Modelling work by
Rebich et al. (2011) estimated that agricul-
tural fertilizers from farmlands in the Lower
Mississippi River watershed contribute 32%
and 50% of delivered load of nitrogen (IN)
and phosphorus (P), respectively. Early plans
for reducing the hypoxic zone in the north-
ern Gulf of Mexico focused on N reduction;
a dual nutrient strategy is currently endorsed,
though N is still the ultimate limiting nutri-
ent for primary production (Fennel and
Laurent 2018).

Federal and state agencies are working
together with farmers and land managers
in the Mississippi River Basin to improve
the water quality in their watersheds and to
reduce the nutrients and sediment loads to
the Mississippi River and the Gulf of Mexico.
One USDA Natural Resources Conservation
Service (NRCS) program that provides tech-
nical and financial assistance to farmers is the
Mississippi River Basin Healthy Watersheds
Initiative (MRBI) implemented through
Cooperative ~ Conservation  Partnership
Initiatives. The MRBI encourages adoption
of conservation practices to improve water
quality of the region. This includes NRCS
Conservation Activities 201 and 202, which
provide financial assistance to agricultural
producers who permit field-scale monitor-
ing on their land to determine the eftects
of management practices on baseline runoff
water quality as well as to evaluate effective-
ness of conservation practices on soil and
water resources (Daniels et al. 2018). These
field-scale efforts
performance on individual farms and signify
a fundamental move from systematic research
toward routine monitoring of practices.

In Arkansas, a statewide network of mon-
itoring at the field scale was established as a

evaluate environmental
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result of MRBI programs (Reba et al. 2013).
The monitoring projects have focused on
establishing baseline water quality informa-
tion, but they also have served as a catalyst
for field-scale research to evaluate crop man-
agement practices focused on soil and water
conservation. With such data, landowners and
business and farm managers should be better
equipped to translate applied research, as well
as modeling results, to make practical man-
agement changes on private and public lands.

Arkansas was an ideal location for the
extensive MRBI monitoring activities. The
state's agriculture accounts for a larger portion
of gross domestic product than for any other
state in the nation. For the 2014 calendar year,
cash receipts for all Arkansas commodities
totaled greater than US$10 billion. Arkansas
produces nearly 50% of US rice (Oryza sativa
L.), and the state also ranks in the top five
cotton (Gossypium hirsutum L.) and soybean
(Glycine max [L.] Merr.) producing states in
the southern United States. Rice production
alone adds more than US$1.5 billion annually
to the state’s economy and provides thousands
of jobs, primarily in rural communities.

Only a few field studies that relate fertilizer
management and crop production to runoft
water quality have been conducted in the
Mississippi Delta region of eastern Arkansas
(Adviento-Borbe et al. 2017, 2018; Aryal et
al. 2018; Reba et al. 2013); or the Mississippi
Delta region as a whole (Baker et al. 2018;
Lizotte and Locke 2018; Osmond et al. 2017).
Aryal et al. (2018) included results from edge-
of-field monitoring in eastern Arkansas and
focused specifically on the impact of cover
crops on macronutrient and sediment losses.

Agricultural managers and conservation
professionals rely on research-based rec-
ommendations to guide decision-making
on adoption and effective implementation
of management practices to reduce off-site
impacts on water quality. Research at the plot
scale is ideal for testing management decisions
(Moreno-de las Heras et al. 2010; Nesme et
al. 2011; Teague and Danforth 2010; Teague
et al. 2005) and improving our understand-
ing of water quality dynamics (Jiao et al.2012;
Macdonald et al. 2017). However, findings
from plot-scale studies must be confirmed
at larger field scales to ensure applicability to
commercial production. Research validation
can accelerate adoption of innovative prac-
tices to increase the impact of research, but
studies that include larger plots are often chal-
lenged due to lack of data for comparisons at
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broader scales (Sharpley and Kleinman 2003).
Ecosystem processes are scale dependent, and
there is always a measure of uncertainty asso-
ciated with extrapolating from plot to larger
scales (Dabney 1998). Water quality studies
conducted on the watershed continuum (e.g.,
field to farm to watershed scale) are difficult
to replicate in a statistically significant manner
due to cost and limited control (Melland et
al. 2018). At the watershed scale, standards for
the entire watershed are often derived from
select locations in-stream or in-lake. Such
studies are important in assessing the overall
well-being of in-stream or lake conditions;
however, they may not provide site-specific
data that are sufficiently resolute to evaluate
whether changes in agronomic management
practices work to reduce nutrient and sedi-
ment losses. Because of data limitations, they
often fail to reveal dependable cause and effect
relationships for practical consideration or for
widespread adaptability.

Additional data from field-scale studies in
the Mississippi Delta region are needed to
calibrate, verify, and validate modeling efforts,
without which it is difficult to ascertain and
quantify uncertainty of modelled results. This
includes detailed field-scale measurements
of nutrient and sediment losses. Expanded
calibration and field validation of models
(Tomer et al. 2014) will likely generate a
higher degree of confidence that effective
adaptive management can be used to address
sustainability issues and to mitigate depar-
tures from norms in climate. Furthermore, it
is anticipated that this work will strengthen
and support regional and farm level deci-
sion-making to expand implementation of
specific conservation practices that sustain
high water quality and improve economic
performance of agricultural production.

In this paper, we summarize results from
edge-of-field water quality monitoring sites
in northeast Arkansas over multiple seasons.
One goal of this work was to add to the
limited body of knowledge related to field
scale water quality in the humid Midsouth
by providing baseline data of runoft sedi-
ment and nutrients. These findings will help
inform regional budgets of nutrients and
sediment loss, and assist regional land man-
agers in directing resources more effectively
and efficiently. The specific objectives were
to (1) establish average annual concentrations
and loads for sediment and nutrients leaving
production-sized fields of typical Midsouth
row crops, and (2) quantify differences in

sediment and nutrients by time of year, crop
type, and rotation.

Materials and Methods

Study Sites. The Lower Mississippi River
Basin (LMRB) is the lowest elevation of the
six two-digit hydrologic unit codes (HUCs:)
of the Mississippi-Atchafalaya River Basin
and reaches from the confluence of the Ohio
to the outlet in the northern Gulf of Mexico.
The narrow band along the Mississippi River
Alluvial Plain in the LMRB is considered
the Delta region. Historically known for
cotton production, agriculture has expanded
to major production of rice and soybean.
The Delta region is characterized by humid
subtropical climate with long, hot summers
and mild winters. This study was conducted
at four commercial farms on nine produc-
tion-sized fields in the Mississippi Delta
region of northeastern Arkansas from 2014
to 2017 (figure 1). All data were collected
as baseline information with standard agro-
nomic practices of the region implemented
by the cooperating producers. The results
represent 23 site-years of data from fields
where rice, soybean, and cotton were com-
mercially produced.

The Marked Tree site was located in
Poinsett County near Marked Tree, Arkansas.
Hydrologically, the site is located in the
lower St. Francis watershed (8-digit HUC:
08020203; figure 1). The sites drain into
an agricultural feeder ditch and to Ditch
Number 1, St. Francis River (12-digit HUC:
080202030801). The research site consisted
of three fields ranging in size from 13.6 ha,
16.1 ha, and 15.9 ha. Soil mapping informa-
tion for the fields was obtained from Web Soil
Survey (USDA NRCS 2019) and were clas-
sified as Sharkey-Steele complex on slopes
less than 1%. All soils were characterized as
hydrologic soil group D, implying extremely
slow permeability and high likelihood of
runoff. The study field slopes were 0.15%
and had been precision graded. During the
study years, the Marked Tree sites were on
a rice—soybean annual rotation, starting in
2014 with rice.

The Manila site was located in Mississippi
County near Manila,Arkansas. Hydrologically,
the site is located in the Little River Ditches
watershed (8-digit HUC: 08020204; figure
1). The site drains into an agricultural feeder
ditch and to Ditch Number 14, Buffalo Creek
Ditch (12-digit HUC: 080202040803). The
research site was created by splitting a large
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Figure 1
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production field into two equally sized fields,
each 7.8 ha. Soils for the Manilla site were
classified as Routon-Dundee-Crevasse com-
plex and Sharkey-Steele complex on slopes
less than 1%. The hydrologic soil group for
the Routon-Dundee-Crevasse complex was
C/D and covered 69.9% and 66.6% of each
study field, and the Sharkey-Steele com-
plex was D and covered 30.4% and 33.4%,
implying slow permeability and high likeli-
hood of runoft. The study field slopes were
0.15% and had been precision graded. Data
were collected from the Manila site in 2015,
2016, and 2017 when the fields were planted
in cotton.

The Leachville site was located in
Craighead County near Leachville, Arkansas.
Hydrologically, the site is located in the Little
River Ditches watershed (8-digit HUC:
08020204; figure 1). The site drains into
an agricultural feeder ditch and to Ditch
Number 4, Buffalo Creek Ditch (12-digit
HUC: 080202040806). The research site was
created by splitting a large production field
to two equal-sized fields, each 11.7 ha. Again,
soil classification information was obtained
from Web Soil Survey and was similar in
both fields, but was also the most variable of
the study. The fields are dominated by sandy
loams (Beulah fine sandy loam, Commerce
very fine sandy loam, and Mhoon fine sandy
loam) with less than approximately one-third
of the fields in a silty clay loam (Jackport silty
clay loam and Roellen silty clay loam). Soils
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were characterized as hydrologic soil group A,
C, or C/D for the sandy loam and C, C/D, or
D for the silty clay loam, implying excessively
drained (A) to poorly drained (C or C/D).
Each of the study fields had sandy loam group
A on 36.4% and 21.0%, C on 29.2% and
34.8%, and C/D on 10.1% and 1.1% of the
area, respectively. Each of the study fields had
silty clay loam group C on 0.2% and 6.5%,
C/D on 10.1% and 4.1%, and D on 15.6%
and 32.4% of the study area, respectively. The
study field slopes were 0.10% and had been
precision graded. Data were collected from
the Leachville site in 2016 and 2017 when
the fields were planted in cotton. Corn (Zea
mays L.) was grown in the study fields in 2015.

The Caraway
Craighead County near Caraway, Arkansas.
Hydrologically, the site is located in the Little
River Ditches watershed (8-digit HUC:
08020204; figure 1. The site drains directly
into Ditch Number 56 (12-digit HUC:
080202040807). The research site consisted
of two large, adjacent production sized fields
that were 31.0 ha and 28.4 ha in size. Soils
were similar in both fields and characterized
as fine sandy loam. Soils were characterized
as hydrologic soil group C/D or D imply-
ing slow permeability and high likelihood of
runoff. The study fields had been precision
graded to have a 0.20% slopes. Data were
collected from the Caraway site in 2015 and
2016 when the fields were planted in soy-
bean. Corn was grown in the study fields in

site was located in

2014. No data were collected from this site
in 2017.

Production Systems. All row crop fields
were furrow irrigated on an as-needed basis
with groundwater from the Mississippi River
Valley Alluvial Aquifer. Records of applied
irrigation were not retained for the study
fields. A tipping bucket rain gage installed
at each site was used to measure the rain-
fall amount and time stamp the event. Raw
precipitation data were post processed to cal-
culate daily totals.

Cotton fields were harvested in the fall
(target harvest date for the region typically
before November 1). Following harvest
and after stalks were shredded, fall tillage
practices included use of a disk-bedder to
reshape the beds. In spring, broadcast appli-
cations of burndown herbicides were made
to all fields. Target date of planting for cot-
ton at the study sites was late April through
late May. Just prior to planting, tops of beds
were flattened with a field cultivator. Seeding
rate was approximately 9 seeds m™ row. Row
spacing was 1 m. Broadcast applications of
urea were made after plant emergence from
late May through early June. Nitrogen was
broadcast at all cotton sites in all study years
except for 2016 when the N application was
split between broadcast and foliar (table 1).
Phosphorus application occurred only at the
Manila fields and was applied broadcast in
2015 and variable rate in 2016.
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The first irrigation applications made to cot-
ton typically did not occur until 1 to 2 weeks
after commencement of reproductive growth
(squaring), which is expected by 35 days after
planting. Water furrows were cleared using
a Furrow Runner plow (Perkins Sales, Inc.,
Bernie, Missouri). The Furrow Runner fea-
tures 50 cm scalloped disc furrowers, a shovel
plow, and a steel packer wheel. Final irrigation
typically occurred by late August, the timing of
which was related to soil moisture availability
and timing of the last effective boll population
(cutout). Defoliation for harvest preparation
typically occurred in early- to mid-September
with harvest following approximately 14 days
later, weather permitting.

Soybean fields were prepped in the fall. If
the field was in rice, levees were removed,
the soil surface smoothed, and beds formed.
If the field was previously cropped to cotton,
the beds were reshaped with disk bedders
using the same tillage practices outlined
above for cotton. In spring, broadcast appli-
cations of burndown herbicides were made
across all fields. Dates of planting ranged from
late April to late June while maturity groups
ranged from MGIII to MGV. Phosphorus
fertilizer was applied by broadcast to one
field in 2015 (table 1), and no other fertiliz-
ers were applied to the soybean study fields
during thus study.

Prior to irrigation, water furrows in the
soybean fields were cleared using sweep plows.
Soybean irrigation initiation and termination
timings were based on plant phenology and
soil moisture availability. Irrigation typically
was not initiated until the R1 stage. By the
R6.5 growth stage, with adequate soil mois-
ture, irrigation was terminated. Harvest dates
range from late August through late October
depending on maturity group, date of plant-
ing, and weather conditions.

Rice in the region is typically grown using
a dry-seeded, delayed-flood system (Wilson
et al. 2016). If the field was previously in soy-
bean, beds were removed, and the soil surface
smoothed. In spring, broadcast applications
of burndown herbicides were made across all
fields. The target date for rice planting was
the last week of March but continued into
early June. The targeted rice seeding rate
was approximately 320 seeds m™2. The fields
were precision graded to approximately
0.1% slopes. The uniform slope allowed
use of uniformly spaced, straight levees
that divided the fields into separate paddies
(Wilson et al. 2016). After planting, the levees
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Table 1
Site, year, crop, and fertilizer (nitrogen [N] or phosphorus [P]) applied.
N fertilizer (kg ha™); P fertilizer (kg ha™%);
Site Year Crop application method application method
Marked Tree 2014 Rice 185; split and broadcast 0
2016 Rice 137; split and broadcast 0
Manila 2015 Cotton 52; broadcast 10; broadcast
2016 Cotton 26; split and foliar 27; variable rate
2017 Cotton 142; broadcast 0
Leachville 2016 Cotton 112; broadcast 0
2017 Cotton 24; broadcast 0
Marked Tree 2015 Soybean 0 0
2017 Soybean 0 0
Caraway 2015 Soybean 0 12; broadcast
2016 Soybean 0 0

were constructed and levee gates installed.
Immediately prior to initial flooding, urea
fertilizer was broadcast using a ground rig or
by aerial application (table 1).The fields were
initially flooded at the four- to five-leaf rice
growth stage (Counce et al. 2000), corre-
sponding to late May to early June. Irrigation
water was added throughout the growing
season as necessary to maintain an approxi-
mately 8 to 15 cm flood depth (Gealy 1998;
Smith Jr. and Fox 1973). The floodwaters
were drained from the fields approximately
two weeks prior to harvest.

Field Setup, Water Sampling, and Water
Analysis. The same field equipment for
water sampling was deployed at all study
sites. Equipment was housed in weather
resistant  shelters positioned at designated
drainage outlets. At all sites, these were drain-
age grade-control pipes in all instances (0.38
to 0.62 m diameter). The monitored drain-
age pipe was chosen based on access and
maximized the drainage area flowing into
it. A water collection apparatus with sensors
was mounted to a steel instrumentation sled,
which was affixed to the inlet side of each
drainage pipe. This instrumentation con-
sisted of a pressure transducer (Acculevel,
Keller America, Newport News, Virginia),
an area-velocity sensor (2150, Teledyne
ISCO, Lincoln, Nebraska), and intake tub-
ing for the water sampler (6712, Teledyne
ISCO, Lincoln, Nebraska). These systems
were powered by a deep cycle marine bat-
tery whose charge was maintained by a 20 W
solar panel. More instrumentation details are
given by Aryal et al. (2018).

Water samples were collected from runoff
produced by precipitation and/or irrigation.
Water depth within the drainage pipe was
measured continuously. The other instru-

ments began collecting data once depth (0.04
m) and flow requirements (50 m?®) were met.
The water sampler settings were intended to
collect samples evenly (equal volumes of flow)
throughout the hydrograph of an event, min-
imizing over- or undersampling of an event
and sampling both rising and falling limbs
of the hydrograph. Once an event began,
the sensors were polled every 10 seconds,
and these data were used to generate average
values every 15 minutes, which were stored
on the datalogger. Site communication was
carried out with radios (RF401 Campbell
Scientific, Logan, Utah) between fields and
with cell modems (AT&T GSM Network
2G) to the laboratory. An alert was sent wire-
lessly over the cellular network to inform
personnel that an event began. Samples were
then picked up from that site within 24 hours
of the alert, placed on ice, and delivered to the
Ecotoxicology Research Facility at Arkansas
State University for analysis.

Runoff  samples  were
Ecotoxicology Research Facility using stan-
dard methodology and included analysis for

analyzed at

suspended sediment concentration (SSC)
using ASTM Method D3977-97; total sus-
pended solids using APHA 2540-D; NO,
and NO, using EPA 353.2, APHA 4500-
NO,I, and APHA 4500-NO,B; total N
(TN) using EPA 350.1 and APHA 4500-P J;
orthophosphate (PO,) using EPA 354.1 and
APHA 4500-P F;and total P (TP) using EPA
365.4 and APHA 4500-P J (American Public
Health Association et al. 2005; American
Society of Testing and Materials 1997). The
detection limit was 0.01 mg L™ for PO, and
TP, 0.04 mg L' for NO, and TN, and 0.002
mg L' for NO,,.

Routine Maintenance. In addition to
when the field technician visited the stations
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to collect runoff samples, the sites were vis-
ited every two weeks to inspect and perform
routine maintenance, inspect instruments,
restock supplies, and to calibrate sample col-
lection volume. Moreover, the stations were
visited as soon as possible any time that an
alert (e.g., low battery voltage) was sent to
notify of maintenance needs.

Data Analysis. For each runoff event,
the nutrient and sediment concentrations
from the laboratory and the correspond-
ing continuous-flow data were used to
calculate the load (kg ha™) and total load
(kg). Reported values of both concentrations
and load in the text are median values unless
otherwise labeled. All statistical analysis was
performed using Sigma Plot version 13.0.
Nonnormal data were examined using Mann
Whitney Rank Sum Test for two groups, and
analysis of variance (ANOVA) on ranks for
greater than two groups. Pairwise comparison
was done using Dunn’s Method whenever
the ANOVA results indicated differences
between groups.

Results and Discussion

Precipitation. Total rainfall in years 2014,
2015, 2016, 2017, and 30-year normal rain-
fall for the Manila site (the most centrally
located farm of the study; figure 2) were
1,234, 1,474, 1,204, 1,170, and 1,277 mm,
respectively. Therefore, years 2014, 2016, and
2017 were drier than a normal year; however,
a closer look at the monthly rainfall (figure
2) in all years revealed that several months
were wetter than a normal month, even in
a dry year. For example, March of 2016 was
wetter than the 30-year average for March,
although annually 2016 was drier than the
annual 30-year average. November of 2015
was the wettest month with 300 mm rain-
fall compared to normal rainfall of 121 mm.
October of 2016 has the highest deviation
from the 30-year average with an observed
rainfall of 34 mm compared to 104 mm nor-
mal rainfall for the month. Generally, rainfall
amounts were low in January, February,
September, and October, but variations from
year-to-year were observed.

Effect of Season on Pollutant Concentrations
and Loads. The median volume of runoff per
unit area per event was significantly higher (p
< 0.01) in the nongrowing season (7.91 mm)
than in the growing season (4.95 mm; figure
3). Concentrations and loads of SSC, PO -P,
and TP were also significantly higher in the
nongrowing season than in the growing sea-
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Figure 2

(a) Annual rainfall and (b) monthly rainfall observed at Manila site for all study years compared

to annual and monthly average rainfall.

(a)

1,600
1,400
1,200
E
E 1,000
s
= 800
s
g 600
c
o
< 400
200
0
2014 2015 2016 2017 30y normal
Year
(b) 350
300
E 250
E
= 200
£
s
S 150
=
e
g 100
=

50

Jan. Feb. Mar.

Apr.

Legend

02014 2015 ®E 2016 @™ 2017 M 30y normal

May June July Aug. Sept. Oct. Nov. Dec.

Month

son (p = 0.01 to 0.02). As for N species, TN
concentrations per event in the nongrowing
season (1.00 mg L") were higher than that in
the growing season (0.751 mg L™'; p = 0.01).
Nitrite and NO, concentrations and load,
and TN load were not different between
growing and nongrowing season.

These results imply that runoff, sediment,

P, and TN loss from fields were higher in

]

the nongrowing season than in the growing
season (figure 3). These results concur with
our prior results at the field scale (Aryal et al.
2018), as well as at the watershed scale (Aryal
and Reba 2017). Timing of pollutant loads
has implications for pollution mitigation. For
example, nutrient reduction strategies will be
effective if targeted to the nongrowing period.
A good example is the use of cover crops
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Figure 3
(a) Concentrations and (b) loads of Pollutant (nitrogen [N], phosphorus [P], and suspended sediment concentration [SSC]), and runoff per event from
fields in growing (May to October) and nongrowing season (November to April). The horizontal lines in the box plot represent the 10%", 25™, median, 75,
and 9ot percentile.
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that protect soil (Dabney et al. 2001; Kaspar
and Singer 2011) during the nongrow-
ing season. Also, the conservation practice
called “Shallow Water Development and
Management” (USDA NRCS Conservation
Practice #646) occurred in the rice system
during the nongrowing season. This practice
includes storing storm water runoff on agri-
cultural fields, primarily after rice, during the
fallow season. Use of this practice has resulted
in a number of agronomic benefits including
increased soil retention and improved water
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quality (Manley et al. 2005); reduced weed
pressure, which lowers the need for preplant
herbicide applications (Koger et al. 2013);
and increased crop N uptake during the
next growing season (Eagle et al. 2000). The
practice has also been shown to significantly
increase waterfowl species richness and den-
sity (Elphick and Oring 2003).

Owing to the importance of N load (NO,
and NO, load) measured in May at Baton
Rouge, Louisiana, to the development of
the size of the hypoxic zone in the northern

Gulf of Mexico (Turner et al. 2008), imple-
menting tactics that reduce nutrient losses
in early springtime should be emphasized.
The most common management practices
that occur in this period are tillage and early
application of nutrients. In this study, 75% of
the N application dates occurred after June
1 with the other three occurring from April
29 to May 11.The P application dates were
more varied. Of the three application dates
of P, one occurred in the fall, one in April,
and the other in June. The limited losses
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Figure 4
Phosphate-phosphorus (P) and total phosphorus (TP) (a) concentrations and (b) loads, and (c)
runoff per event from fields by crop. The horizontal lines in the box plot represent the 10", 25",
median, 75, and go™" percentile.
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during the growing season suggest that
crop canopy and crop demand for applied
nutrients tended to reduce nutrient runoff
losses. Care should be taken in overgeneral-
izing based on these results, however. Jordan
et al. (2012) reported that mobilization and
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transfer potential were more important than
P availability. Also, these factors increased
delivery due to flashiness (Jordan et al.
2005). Increased mobilization coupled with
expected increases in precipitation inten-
sity, as illustrated through the prevalence

of extreme, single-day precipitation events
(USEPA 2016), has been shown to result
in increased runoft losses of sediment and
nutrients in runoff. Therefore, special care
should be exercised when applying these N
and P nutrients in the spring when intense
precipitation events are more cOmmon.

Pollutant Loads from Different Cropping
Systems. Nutrients, water, and sediment
losses were compared to determine if dif-
ferences in magnitude existed among fields
planted in rice, soybean, and cotton in com-
mercial production scenarios. This analysis
did not consider differences in rainfall, soils,
nor crop rotation between locations. Instead,
the analysis represents the current manage-
ment practices that farmers in the study
adopted for each crop. The comparison pro-
vides the current nutrient concentrations
and loads received by waterbodies using a
large number of events for each crop. The
numbers of runoff events measured in rice,
cotton, and soybean fields at all sites were
113, 150, and 200, respectively. However,
actual numbers of events for pollutant load-
ing were lower due to missing discharge
information during some events. The run-
off events where loading of pollutants were
available in rice, cotton, and soybean were
83,127, and 189, respectively.

Phosphate-P concentrations in the runoff
per event were highest from cotton fields
(0.248 mg L"), followed by soybean (0.142
mg L"), and rice (0.024 mg L") (figure 4).
Each was significantly different from the oth-
ers (p < 0.001). Similarly, TP concentration
was highest from cotton fields (0.650 mg L™),
followed by soybean (0.514 mg L™), and rice
(0.188 mg L™"). Total P from cotton was not
statistically higher than that from soybean (p
= 0.06), but both cotton and soybean had
significantly higher TP than rice (p < 0.001).

The discharge per event from soybean,
rice, and cotton was 6.93,6.93, and 4.93 mm,
respectively, and these values were not statis-
tically different from each other in one-way
ANOVA on ranks (p = 0.231). Phosphate-P
load per event in cotton (0.013 kg ha™') and
soybean fields (0.008 kg ha™) were greater
than that in rice fields (0.002 kg ha™) (p <
0.001); however, they were not different
from each other (p = 0.36). Similarly, TP load
in cotton (0.040 kg ha™) and soybean fields
(0.037 kg ha™") were greater than that in rice
fields (0.007 kg ha™'; p < 0.01), but they were
not different from each other (p = 0.99).
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Figure 5
Nitrate-nitrogen (N), nitrite-N, and total N (a) concentrations and (b) loads, and (c) runoff per
event from fields by crop. The horizontal lines in the box plot represent the 10", 25%, median,
75, and 9ot percentile.
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Among the three crops studied, rice
had significantly lower concentrations and
loads of pollutants while cotton had the
highest. Factors including soils, topogra-
phy, weather, and management can all affect
the magnitude of pollutants in the runoff.
For example, rice is generally grown on
impermeable silty clay to clayey soils where
cotton production would not be suitable.

MAY/JUNE 2020—VOL. 75, NO. 3

Conversely, cotton is grown on sandy loam
soils whose excessive infiltration would
make rice production economically infea-
sible owing to the high irrigation water
demand. Though not measured in this
study, additional gaseous losses of N from
rice are expected, owing to denitrification
and ammonium (NH,) losses from NH,-
based fertilizers (Sommer et al. 2004).

Nitrate-N, NO,-N, and TN concentra-
tions from rice fields were 0.088, 0.032, and
0.786 mg L'; from cotton fields were 0.238,
0.018, and 0.772 mg L™; and from soybean
fields were 0.215, 0.0175, and 0.895 mg L,
respectively (figure 5). Nitrate-N concen-
trations in cotton and soybean fields were
greater than that in rice fields (p < 0.001);
however, they were not different from each
other (p > 0.05). Nitrite-N was significantly
higher from rice fields compared to both
cotton and soybean fields (p < 0.01), but soy-
bean and cotton fields were not statistically
different (p > 0.05). Total N concentrations
from cotton, soybean, and rice were not
statistically different (p = 0.68). These find-
ings agree generally with those of Jiao et al.
(2012), when they compared wheat (Triticum
aestivum L.)/corn, wheat/cotton, and wheat/
soybean runoff at plot scale over three years
on an experiment station in China. These
authors found the highest losses of NO,
and TN occurred from wheat/cotton and
the lowest occurred from wheat/soybean.
However, the magnitudes of NO,-N and
TN concentrations reported by Jiao et al.
(2012) were approximately 2.5 times greater
than those measured in the present study for
cotton and soybean.

Nitrate-N, NO _-N, and TN loads from
rice fields were 0.007, 0.002, and 0.061 kg
ha™'; from cotton fields were 0.016, 0.001,
and 0.045 kg ha'; and from soybean fields
were 0.013,0.001, and 0.062 kg ha™', respec-
tively (figure 5). Nitrate-IN loads in rice fields
were significantly lower than that in cotton
and soybean fields (p = 0.03); however, cot-
ton and soybean fields were not statistically
different from each other (p > 0.09). Nitrite
load of cotton was significantly lower than
that of rice (p = 0.01), but not than that of
soybean (p = 0.57). Soybean and rice had sta-
tistically similar NO, load (p = 0.16).Total N
loads from cotton, soybean, and rice were not
statistically different (p = 0.33).

Nitrate-N losses were greater from cot-
ton and soybean fields than from rice fields,
whereas, NO,-N loss were greater from rice
fields than from cotton and soybean fields.
As a result, TN losses were similar from each
cropped field.

Concentrations and loads of SSC from
rice fields were 0.587 mg L' and 26.43 kg
ha™'; from cotton fields were 0.782 mg L™
and 43.40 kg ha'; and from soybean fields
were 0.805 mg L™ and 56.56 kg ha™', respec-
tively (figure 6). Only concentration of SSC
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from soybean and rice fields were different
from each other (p = 0.03), with rice lower.
No other pair-wise comparisons for either
concentrations or loads were statistically sig-
nificant (p = 0.09 to 0.75).

‘Water and nutrient management in rice
is inherently different from that of fur-
row-irrigated row crops such as cotton
and soybean. It has been found that rice
fields have similar functional equivalency
with that of seminatural wetland habitats
(Elphick 2000). In rice, nutrients are not
generally applied until immediately before
flood establishment, which occurs approx-
imately 30 days after planting. Once the
rice flood is established, producers gener-
ally maintain a near constant flood depth
throughout the growing season. Irrigation
water management in straight-levee rice
fields fosters creation of freeboard to cap-
ture rainfall (Massey et al. 2019). When rice
flood management is optimized, little, if
any, water leaves the field. This is somewhat
similar to water management in Australia,
which prohibits the return of irrigation
water to the river system (Kennedy et al.
2013).Thus, rice flood management is more
likely to retain sediment and reduce runoft
while the standing rice flood reduces rain-
drop impact and soil gouging as compared
to furrow irrigation.

Effect of Cropping System and Rotation
on Same Field at Marked Tree. An annual
rotation of rice and soybean was practiced
in the fields at Marked Tree. This allowed for
an analysis of the effects that crop, in this case
rice and soybean, had on the concentrations
and loads of pollutants from the same fields
(figure 7). Rice was grown in 2014 and 2016,
whereas soybean was grown in 2015 and
2017. Precipitation in 2015 and 2017 was the
highest and lowest annual total, respectively,
of the study. The years 2014 and 2016 were
very near the annual average precipitation
and were 43 and 73 mm less, respectively,
than the annual average.

Total P and PO -P concentrations per
runoff event were significantly lower from
rice seasons than from soybean seasons (p <
0.03). Among N species, TN and NO_-N
from both cropping systems were not statis-
tically different (p > 0.05). However, NO -N
concentrations from rice crops were signifi-
cantly lower than that from soybean crops,
most likely due to increased denitrification
due to prolonged flooding. Total N concen-
trations were significantly greater than NO,

JOURNAL OF SOIL AND WATER CONSERVATION

Figure 6
(a) Concentrations and (b) loads of suspended sediment concentrations (SSC) and (c)
runoff per event from fields by crop. The horizontal lines in the box plot represent the 10",
25" median, 75", and 9o percentile.
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concentrations (p < 0.001) in rice fields but
not in soybean fields (p = 0.21), implying
that NO,-N was a minor contributor to TN
in rice cropping and a major contributor in
soybean cropping. Concentrations of SSC

and discharge per runoft event was signifi-
cantly lower in rice cropping system than in
soybean (p < 0.01). Therefore, runoft from
rice cropping systems had lower discharge,
PO,-PTP,NO,-N, and SSC than those from
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Figure 7
(@) Concentrations and (b) loads of Pollutant (nitrogen [N], phosphorus [P], and suspended sediment concentration [SSC]), and runoff per event from
Marked Tree fields during rice and soybean growing season. The horizontal lines in the box plot represent the 10t", 25, median, 75", and 9o*" percentile.
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soybean. Differences in runoff could also be
attributed to differences in precipitation of
the years studied with soybean grown during
the year with the greatest precipitation.
However, TN losses were similar between
the two cropping systems.

Pollutant loads also followed similar pat-
terns as loads of PO ,-P, TP, NO,-N, and SSC
were significantly lower from the rice crop-
ping system than from the soybean cropping
system (p < 0.01), but TN loads were similar
from both cropping systems (p = 0.34). Past
studies support our observation as NO, and
NH, from soybean were lost at the rate of
1.43 mg L' and 0.57 mg L', respectively, in

MAY/JUNE 2020—VOL. 75, NO. 3

the surface runoff from a 0.3 ha watershed
in a chisel plow tillage system (Shipitalo et
al. 2013). In contrast, median concentrations
of NO, and NH, from a rice field were 0.25
and 0.7 mg L™, respectively (Das et al. 2009).

Effect of Soil on Pollutant Concentrations
and Loads for Soybean. Effects of soil texture
on pollutant loads and concentrations were
assessed by comparing two sites (Marked
Tree and Caraway), both under soybean
cropping in 2015 (figure 8). Marked Tree has
100% clay complex soil, whereas Caraway
has mostly sandy loam soil. Precipitation in
2015 was higher than the annual average and
the greatest amount of annual precipitation

of this study. The previous crops were rice at
Marked Tree and corn at Caraway. In-season
fertilizer was the same at both sites with no
additional nutrients added. However, P was
added in the early fall at Caraway.
Phosphate-P and TP were not different
from each other (p = 0.2 to 0.53) regardless
of'soil and differences in fertilizer, but PO ,-P
concentration was lower than TP concen-
tration at both sites (p < 0.001). Total N,
NO,-N, and NO,-N concentrations from
the two soils were not different (p > 0.05).
Additionally, concentrations of SSC were
not different from the two soils (p = 0.19)
despite higher magnitude from clay soils.
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Figure 8

(a) Concentrations and (b) loads of Pollutant (nitrogen [N], phosphorus [P], and suspended sediment concentration [SSC]), and runoff from heavy
(clay) and light (sandy loam) textured soils under soybean plantation after rice on clay soil or corn on sandy loam soil. The horizontal lines in the
box plot represent the 10", 25, median, 75", and go'" percentile.
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The differences in fertilizer and previous
crop had little impact on the resulting runoff’
water quality measured.

As expected, discharge from clayey soils
was higher than that from sandy loam (p <
0.01). Due to the higher runoff discharge
volume, loads of PO -P TP, NO,-N, TN, and
SSC were higher from clay soils than from
sandy loam soils (p < 0.05) under soybean
after rice in clay soils than after corn in sandy
loam soils.

Summary and Conclusions

The work presented in this manuscript will
add to the limited body of knowledge related
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to field-scale water quality in the humid
mid-South.

1. Runoff, sediment, P, and TN loss from
fields were higher in the nongrowing
season than in the growing season, which
implies that corrective practices that
target the nongrowing season, such as
winter cover crops or winter flooding of
fields for waterfowl, are important con-
siderations. Losses in the spring are also
important as they influence the regional
issue of hypoxia in the northern Gulf
of Mexico and precipitation events that
transport nutrients and sediment are
more common during this time.

2. Among the three crops investigated,
rice had significantly lower concen-
trations and loads of pollutants while
cotton generally had the highest.
Flooded rice fields more effectively
held water on the field and reduced
the amounts of runoff and nutrient
losses compared to furrow-irrigated
cotton and soybean fields. Additional
gaseous losses of N from rice were not
measured here but are expected, owing
to denitrification.

3. Comparisons within rice—soybean rota-
tion common to the LMRB revealed
that pollutant loads and concentrations
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were lowest during the rice phase of the
rotation. These differences can be mainly
attributed to water management and that
the flooded rice system effectively acts as
a constructed wetland to capture rainfall
and reduce soil erosion.

4.Soil texture did not seem to affect
observed pollutant concentrations but
may impact the mass loads of pollutants.
Higher loads were observed from clay
texture soils as compared to sandy soils.
This was likely related to increased runoff
volumes observed from less permeable
clayey soils.

5. The data presented in this study can be
used to calibrate, verify, and validate mod-
eling efforts specific to the Mississippi
Delta region of the LMRB.
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