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Abstract: Water quality is a global concern; it is due to point and non-point source pollution. Non-
point sources for pollution are mainly runoff from Agricultural and forest. To decrease nutrient
inputs, management practices are implemented. Using Soil and Water Assessment Tool, water quality
parameters can be quantified. Yazoo River Watershed is the largest watershed in Mississippi, which
have impact on surface water quality due to large scale agriculture and forest lands. Model has
been calibrated and validated for streamflow, sediment, Total Nitrogen (TN), Total Phosphorus (TP)
for the USGS gauge stations in the watershed. Model efficiency was assessed with Coefficient of
Determination (R?) and Nash-Sutcliffe Efficiency index (NSE). Best Management Practices (BMPs)
were implemented throughout the watershed to simulate the impact of BMPs on streamflow, sediment,
and nutrient yields. Vegetative Filter Strips (VFS), Riparian Buffer, combination of VFS and Riparian
buffer and Cover Crops (CC) were tested for assessing the effective BMP in improving water quality.
VES, Riparian buffer and both (VFS + riparian) have no effect on streamflow, but they were able to
decrease sediment, TN, and TP yields. Scenario with both VFS and Riparian buffer had the highest
reduction capability as per varying width (5, 10, 15, and 20 m). For CC, Rye grass, Winter Barley
and Winter Wheat (WW) were used, of which Rye grass had highest, 5.3% reduction in streamflow.
WW has the highest Total Nitrogen reduction that is of 25.4%. CC also has significant reduction
ranged between 10% to 11% for TP. This research would assist the Agricultural community to apply
appropriate Management practices to improve water quality.

Keywords: water quality; SWAT; BMP; watershed; hydrology

1. Introduction

Deterioration of Natural resources due to manmade alternations to land-use and land-
cover dates to pre- historic times. Agricultural land-use has first begun in Mesopotamia,
that is known to be the host of human civilization [1]. With growing population and
advancement in civilization and technology, led to improper use of natural resources
which resulted in climate change, sea level rise, water quality impairment, eutrophication,
and several impacts of pollution on environment. To meet the needs of current growing
population, agriculture producers have ramped the use of fertilizers and pesticides to
increase yield. This resulted water quality impairment in several watersheds globally.
Agriculture is considered major non-Point source for pollution [2], other point sources for
pollutions are sewage treatment plants, industrial effluents etc. Precipitation, soil type
and management and slope gradient are the most significant factors in generating runoff
from farmlands, which drains into nearby water bodies. This results in excessive inputs
of nitrogen and phosphorus into surface water. Water quality impairment due to mineral
salts induce the growth of algae that uses N and P as food source, agricultural runoff that
is entering into a stream channel is rich in nitrogen and phosphorus, result in abundant
food source for phytoplankton in the water; phytoplankton (algae) are harmful for human,
aquatic, and other animal species, it also affects other uses of the water bodies such as
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drinking water supply, recreation, aesthetic characteristics etc. [3]. About 2.2 billion people
of the world population has no access to Safely managed water [4], and about 80 percent of
illnesses are caused globally due to consuming impaired water [5]. Impaired water when
consumed as drinking water could result in adverse health issues. To mitigate this water
quality must be maintained by monitoring practices in the region.

Yazoo river Watershed (YRW) is the largest watershed with almost 50% of the water-
shed land-use is agriculture, runoff from these fields drain into Yazoo River and ultimately
into Mississippi river. There is limited research conducted as a watershed scale analysis
for YRW, this study could help in assessing current conditions and projecting for future.
Mississippi river carries sediments, nutrients from several parts of the country and drains
into Gulf of Mexico. Eutrophication in Gulf of Mexico has been a concern, affecting aquatic
life in the area [6].

Inputs such as variety of herbicides, pesticides, and fertilizers are used to maximize
yield. Organic manure is one of the inputs that farmers use as fertilizer, to minimize the
effect of synthetic ones. Crop management inputs such as irrigation, fertilizer, and pesticide
etc. were applied during growing season, although they were applied in prescribed
quantities, there is still a significant amount that plants do not use. Residuals after plant
uptake will eventually either leach into ground or transported through runoff. This process
is quite prominent in parts of the world and in the watershed [7]. Agriculture being a
major non-point source pollution [2], to decrease nutrient inputs from agricultural lands,
USDA has implemented Best Management Practices in lieu of this concern in several states
including Mississippi, but before selecting the appropriate BMP, it is efficient to know the
source of pollutant, and the amount of it released into the water.

To assess the efficiency of various management practices, application of modeling tool
is essential. Numerous modeling tools are used for the analysis of water quality, they are
designed and used based on the applicability of water quality parameters. Soil and Water
Assessment Tool (SWAT) is a conceptual model that is used prominently in watershed
modelling, there are studies that indicate SWAT model is one of the most efficient models
in quantifying hydrologic and water quality parameters at watershed scale [8]. It has also
been used in quantifying Nutrient sources in Big sunflower river watershed which is a
sub watershed of YRW. Therefore, the objectives of this research were to: (i) calibrate and
validate model for streamflow, sediments, total Nitrogen (TN), and total Phosphorus (TP);
and (ii) assess Best Management Practices” (BMPs) effects on water quality.

2. Materials and Methods
2.1. Study Area

YRW is the largest watershed in the state of Mississippi, with a drainage area of
5.08 million ha, shown in Figure 1. Located in the north-western region of Mississippi.
YRW has two regions that are predominant, the Buff hills where most of the land type
is upland, birthplace for many rivers in the state, located in the northeast region of the
watershed, and The Delta where most of the land is flat with some of the most fertile soils
that are best for Agriculture, located between Yazoo and Mississippi Rivers in the northwest.
YRW covers 30 counties of Mississippi with Interstate 55 crossing across the watershed.

Land use characteristics include Agriculture, forest lands, wetlands, lakes, and urban
areas. Major crops in agricultural land use are Corn, cotton, Soybean, Pasture lands that
accounts to 47.24%. Forest lands are classified as Deciduous, evergreen, and mixed types
that cover majority of the watershed to 49.92%, the remainder land that is of 2.84% is
covered with lakes, forested and non-forested wetlands, and urban areas as shown in
Figure 2. Majority of the soils present in the watershed are Alligator, Dundee, Sharkey,
Dowling, Forestdale, Smith-dale. This watershed is divided into 109 smaller watersheds
(sub-basins) for ease of analysis in SWAT.
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Figure 1. Location of the Yazoo River Watershed showing weather and USGS gage stations.
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2.2. Model Description

SWAT—Soil and Water Assessment Tool is a continuous daily time-step watershed
scale model. SWAT can simulate Hydrologic and water quality parameter outputs such as
sediment, total Nitrogen, and total Phosphorus concentrations for each HRU (Hydrologic
Response Unit), Sub-basin [9]. Watershed delineation of YRW resulted in 109 sub-basins
which are reclassified into HRUs with the help of Digital Elevation Model input, land-
use, soil, and slope classifications. This classification helps in applying different crop,
soil, and slope parameters for individual HRU for detailed analysis. Output generated
from SWAT can also be viewed as per sub-basin and HRU level. Sediment and Nutrient
inputs are derived from basin slope, surface lag time etc., for nutrients, Agricultural
management inputs such as fertilizer and pesticide application etc., are used. It is one of
the efficient hydrological models existing, used for estimating long-term effects caused by
agricultural and other management operations. This analysis could be useful in developing
management operations. Arc SWAT is an ArcGIS extension, a joint development by USDA-
ARS and Texas A&M University.

2.3. Model Inputs

Primary data inputs used were Digital Elevation Models (DEM) for 30 m x 30 m
resolution acquired from United States Geological Survey [10], for watershed delineation.
Land-use data is acquired from United States Department of Agriculture-National Agricul-
tural Statistics Service (USDA-NASS) [11] that is Crop Land data layer (CDL) of 30 m x 30 m
resolution. Soils data was obtained from Soil Survey Geographic (SSURGO) database [12].
Weather inputs such as daily minimum and maximum Temperature and Precipitation data
obtained from National Oceanic and Atmospheric Administration [13] from 2000 to 2019
for weather stations in YRW.

Agriculture, since considered as major non-point source of pollution, nutrient inputs
in agriculture such as fertilizer, pesticides, animal manure etc. were applied. Mississippi
State University Agricultural and Forestry Extension Service [14] keeps the information for
different crop, this including Planting date, Fertilizer and Pesticide application date and
type used, Irrigation schedule and amounts, Tillage practices and Harvest dates. These
dates vary for different crop types, respective dates and types were obtained and applied
to the model. Forest Management practices were obtained from Mississippi Forestry
Commission [15].

Manure inputs were estimated with the help of revised standards provided by Ameri-
can Society for Agricultural and biological Engineers [16]. Total dry weight produced by
cattle is estimated to 2.36 kg/day/animal, similarly, for chicken it is 0.03 kg/day/animal
and for swine, it is 0.14 kg/day/animal. Average weight for cattle, chicken and swine are
440 kg, 1.9 kg, and 196 kg respectively. Most of the manure inputs have been given in lieu
of timber production for the forested area.

2.4. Model Accuracy Assessment

Accuracy of the model is estimated using two statistical indices, Nash, and Sutcliff
Efficiency (NSE) [17] index, and coefficient of determination (R?) [18] (1) and (2) respectively.
For each parameter that is calibrated mainly, Streamflow, sediment, Total Phosphorus and
Total Nitrogen both NSE and R? are evaluated.
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where O; is the Observed data, S; is simulated data, O and S are observed and simulated
means respectively. Coefficient of Determination helps us in understanding the trend
between two sets of data, in this case Observed and Simulated by giving linear relationship
between them. R? ranges from 0 to 1, if R? value is close to 1 then it is perfect relationship
between observed and model simulated value. NSE ranges —ooc to 1, result close to 1 depicts
model is accurate.

2.5. Calibration and Validation

Using R? and NSE statistics, model accuracy was tested for Streamflow, sediments,
total Nitrogen, and total Phosphorus. This is essential, since we are simulating outputs
based on limited field collected observations. Once the statistic had shown positive trend,
conclusions were based for 20 years.

2.5.1. Streamflow Calibration

Flow parameter calibration is the primary step in calibration and validation process.
For a total of 8 USGS Gauge stations in YRW with continuous streamflow data, model was
calibrated and validated. Monthly data from these stations is collected and calibrated from
year 2008 to 2011 and validated from year 2012 to 2015. By using Auto-Calibration tool,
SWAT-CUP (SWAT calibration and Uncertainty Procedures). SWAT_CUP is designed specif-
ically for SWAT calibration procedures, SUFI-2 (Sequential Uncertainty Fitting version 2)
algorithm helps in fitting the best parameter value for the given respective range [19]. Flow
is affected by numerous parameters; this tool was used so that multiple parameters that
are sensitive [8,20-22] that are mentioned in Table 1 for flow were simultaneously changed
until best results were obtained.

Table 1. Streamflow sensitive Parameters.

Parameter Name Fitted Value Min_Value Max_Value
R_CN2.mgt —0.281491 —0.611679 —0.232775
V_ALPHA_BE.gw 0.154628 —0.03763 0.426442
V_GW_DELAY.gw 169.28447 92.200127 278.26578
V_GWQMN.gw 4279.6025 2744.1755 5243.7075
R__ESCO.hru —0.658654 —0.693971 0.130097
R__SOL_AWC(..).sol —0.288483 —0.417682 0.278006
V_GW_REVAP.gw 0.038273 —0.041752 0.077434
R__SURLAG.bsn 3.360117 1.552425 7.054097
R__SOL_K(..).sol 0.406588 —0.061624 0.493882

2.5.2. Sediment Calibration

Best Management Practices can limit sediment transport with the runoff; therefore,
calibration and validation of Sediment was performed. With the limited available data,
model was calibrated and validated for 2 USGS gauge stations, Big Sunflower at Merigold
(USGS-07288280) and Bouge Phalia near Leland (USGS-07288650) respectively. Manual
calibration approach was used with the help of Manual Calibration helper tool in SWAT.
From literature and testing, sensitive parameters [23-26] were selected and used in calibra-
tion and validation process, they are mentioned in Table 2 below. Observed suspended
sediment data obtained from field collected samples, for the period from 2013 to 2016 that
is collected every 15 days for these 4 years. Calibration was performed from 2013 to 2014;
and validation was performed from 2015 to 2016.
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Table 2. Sensitive Parameters in Sediment Calibration.

Parameter_Name

Fitted_Value

ch_covl.rte 0.03
ch_cov2.rte 0.035
ERODMO.rte 0.5
PREFE.rte 0.57
spcon.rte 0.0006
SLSUBBSN.hru 137.5
ADJ_PKR.bsn 2
USLE_K.sol 0.2
USLE_C.cropdat 0.2
USLE_P.mgt 1

2.5.3. Total Nitrogen

In the process of nutrient quantification, Nitrogen is considered one of the main min-
eral salts that is deposited in surface water from agricultural runoff. Therefore, Calibration
and validation of Total Nitrogen was performed from 2013 to 2014 and 2015 to 2016 respec-
tively. Data collected at 15-day interval was obtained from MDEQ for this process. Manual
Calibration approach was chosen due to limited data availability and performed with the
help of Manual Calibration Helper tool in SWAT. Sensitive parameters were identified from
numerous journals and performed calibration and validation [27,28] that are mentioned
in Table 3 below, for Big Sunflower at Merigold (USGS-07288280) and Bouge Phalia near
Leland (USGS-07288650) respectively.

Table 3. Sensitive Parameters in Total Nitrogen Calibration.

Parameter Name Fitted Value
RS3.swq 0.11
RS4.swq 0.0076
BC3.swq 0.305
BC2.swq 1.19
RCN.bsn 0.54
CMN.bsn 0.0011
CDN.bsn 1.1

SSDNCO.bsn 0.85
N_UPDIS.bsn 15
NPERCO 0.25

2.5.4. Total Phosphorus

Phosphorus is one other significant mineral that impacts water quality, therefore,
Total phosphorus estimated by the model must be calibrated to achieve accurate results.
Calibration and validation for total phosphorus was performed from 2013 to 2014 and 2015
to 2016 respectively. MDEQ collected field samples at an interval of 15 days. This data
was obtained and used in the process. With the help of Manual calibration helper tool
in SWAT, the model was calibrated for Big Sunflower at Merigold (USGS-07288280) and
Bouge Phalia near Leland (USGS-07288650) respectively. Parameters that affect the total
phosphorus concentration were identified from the literature, and testing [29-31] had used
in the process. They are mentioned in Table 4.
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Table 4. Sensitive Parameters in Total Phosphorus Calibration.

Parameter Name Fitted Value
RS2.swq 0.0965
RS5.swq 0.009
BC4.swq 0.0525
BC2.swq 1.19
RCN.bsn 0.54

PSP.bsn 0.4
PERCOP.bsn 0.8
PHOSKD.bsn 185
P_UPDIS.bsn 1

PPERCO 10.8

2.6. Management Scenarios

After a thorough research, implementation of BMPs is one of the methods to reduce
hydrologic and water quality outputs from Agricultural and Forested land-use. There are
numerous BMPs that are in practice, for this study Vegetative Filter Strips (VFS), Riparian
buffers, Cover Crops were selected.

2.6.1. Vegetative Filter Strips

VFSs are the areas that are located at the edge of Agricultural land and in between these
agricultural lands and streams of rivers, bayous, and lakes [32]. They are implemented in
such a way that runoff from fields is first passed through VES before entering the streams.
They also provide erosion control locally by trapping sediments, nutrients, and organic
matter. VES widths of 5, 10, 15, 20 m were applied. Water quality outputs were simulated
by adjusting.

2.6.2. Riparian Buffer

Riparian Buffer if implemented in forested areas. It is land area alongside surface
water streams that is covered with trees, shrubs [33]. For this study, riparian buffer is
applied as an edge of field practice [34] in mixed, deciduous, and evergreen forest land
use types. Buffer lengths of 5, 10, 15, 20 m were used for simulating the sediment, and
nutrient yields.

2.6.3. Cover Crops

Cover Crops (CCs) are considered as BMPs, they provide vegetative cover in agricul-
tural lands, during post-harvest period [35]. CCs are also beneficial in providing organic
matter to the field, increasing soil fertility, porosity, and decrease nutrient loss [36]. CCs
were added Post harvest of main crop for every agricultural land [14]. CCs are not harvested
before the main crop, they are buried in the process of tillage and land preparation for the
main crop to avoid more disturbance in the soil, and leaving them in the soil, improves the
organic content enrichment. CCs such as Winter wheat, winter barley, Rye grass were used
to simulate sediment and nutrient yields.

3. Results and Discussion
3.1. Calibration and Validation

SWAT project for Yazoo River Watershed is created, then calibrated and validated
for all the sensitive parameters that affect the water quality. For a total of 109 Sub-basins,
streamflow data was obtained for 8 Stations, Total Suspended Solids (TSS), Total Nitrogen
(TN), and Total Phosphorus (TP) data were available only for 2 stations in the watershed.

3.1.1. Streamflow (m3/s)

Streamflow calibration and validation was done for 8 USGS gauge stations, in YRW,
they are spread across the watershed with varied sub-basin characteristics. Overall model
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performance resulted in good as shown in Figure 3, the values for R? and NSE ranged from
0.36 to 0.80 and 0.30 to 0.80 respectively for Calibration. Similarly, R?> and NSE ranged from

0.16 to 0.75 and 0.14 to 0.74 for validation. Table 5 shows Statistical results of Calibration
and validation of all 8 Stations.
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Figure 3. Monthly observed vs. simulated flow during model calibration and validation from Bogue
Phalia gauge station.

Table 5. Calibration and Validation Results for Streamflow.

Sc. No. Gage Station USGS Gauge Station  Subbasin Calibration Validation

Number No. R? NSE R? NSE
1 Yazoo River @ Steel Bayou (Vicksburg) 7288955 107 0.36 0.30 0.76 0.74
2 Tallahatchie River @ Money 7281600 61 0.58 0.41 0.68 0.59
3 Bouge Phalia near Leland 7288650 78 0.80 0.80 0.75 0.74
4 Little Tallahatchie @ Etta 7268000 15 0.65 0.62 0.76 0.69
5 Yalobusha @ Grenada 7285500 54 0.47 0.47 0.16 0.12
6 Skuna River 7283000 40 0.62 0.61 0.69 0.57
7 Big Sunflower @ Merigold 7288280 47 0.62 0.60 0.7 0.59
8 Big Sunflower @ Sunflower 7288500 67 0.73 0.69 0.63 0.57

3.1.2. Sediment Concentration

For sediments, due to limited data availability, the model is calibrated and validated
from 2013 to 2016 for 2 stations, at Leland (USGS07288650) and Merigold (USGS07288280).
Model Performance resulted in Satisfactory, it is due to numerous peaks sediment concentra-
tions due to extreme weather events such as heavy rainfall, snow, hail, and thunderstorms
reported in 2014, 2015 in Washington County, Mississippi where the station is located [37].
The slope gradient in this region is very less, close to flat conditions, that are suitable for
intense agriculture, resulting nominal flow during normal conditions. But, in the event of
extreme weather events, this region is prone to flash floods, and high speed wind gusts
during thunderstorms resulting increased sediment concentrations in the stream channel.
The R? and NSE values were 0.12 and 0.17 respectively for calibration and 0.17 and 0.14 re-
spectively for Validation. Calibration of the model was done for Big Sunflower at Merigold
(USGS07288280) and validation was done for station Bogue Phalia station (USGS07288650)
as mentioned in Table 6. Figures 4 and 5 show the trend plot.
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Table 6. Calibration and Validation for Sediment Concentration.
Sediment TN TP
Process Station R? NSE R? NSE R? NSE
Calibration Big Sunflower at Merigold 0.17 0.17 0.05 0.10 0.33 0.18
Validation Bouge Phalia near Leland 0.17 0.14 0.08 0.13 0.41 0.33
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Figure 4. Calibration of Sediment Concentration for station Big Sunflower River at Merigold.
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Figure 5. Validation of Sediment Concentration at Bogue Phalia Station near Leland.

3.1.3. Total Nitrogen (TN)

Calibration for Total nitrogen is done for Merigold Station (USGS07288280) and Val-
idation for Leland Station (USGS07288650). As we know, Nitrogen concentrations are
extremely difficult to predict, as it is volatile in nature. Model performance was satisfactory.
R? and NSE values for Calibration 0.05 and 0.10 respectively and validation were 0.08 and
0.13 respectively as shown in Table 6. Concentration of Nitrogen is extremely varied from
one HRU to the other with in the same sub-basin. These stations are in the area where
Agriculture is intensive. Yazoo river watershed is about 50% forest, and field collected data
from forested creeks and streams was very sparse and dis-continuous.

3.1.4. Total Phosphorus (TP)

Similar to TN, model was calibrated at Merigold station (USGS07288280) Validated at
Leland station (USGS02788650). Model performance resulted poor during calibration, but
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the performance was satisfactory in validation. R? and NSE values for Calibration 0.33 and
0.18 respectively and validation were 0.41 and 0.33 respectively as shown in Table 6.
3.2. Watershed Scale Impact of BMPs
Implementation of BMPs have resulted significant reductions in sediment and Nutrient
concentrations in the watershed. Although most of the BMPs does not have impact on flow,
Cover crop (CC) BMP has shown about 3-5% reduction, depending on the CC that is used.
Results from rest of the BMPs are as following.
3.2.1. Vegetative Filter Strips (VFS)
Sediment and Nutrient trapping from VFS have resulted in proportional to the width
of VFS as shown in Figure 6. Sediment and Nutrient yields for varying widths from 5 m to
20 m with 5 m increments have been simulated. When compared with baseline scenario,
percentage reduction in Sediment and nutrient concentrations were described in Table 7.
Sediment and Nutrient reduction at varying width of VFS
40.0
34.6%33 45¢
:35.0 31.0%30.7%
.230.0 26.9%27.2%
£250 22.1% =
n420.0 — —
£15.0 = —
$10.0 4.5% — 5.8% — 7.0%
5.0 — — .
oo m== ==
10 15 20
VFS width (m)
M Sediment TTN =TP
Figure 6. Comparison of different VFS widths based on water quality outputs.
Table 7. Percentage reduction in Sediment and Nutrient Concentrations at varying widths.
VES Riparian Buffer Width (m) VEFS + Riparian
Width (m) . . .
Sediment TN TP Sediment TN TP Sediment TN TP
5 45 21.0 221 14.5 1.8 8.2 23.7 22.8 30.3
10 5.8 26.9 27.2 26.6 23 10.1 36.9 29.0 37.2
15 7.0 31.0 30.7 32.3 2.6 11.4 449 33.6 42.0
20 8.0 34.6 33.4 37.0 2.8 12.4 51.8 37.3 45.7

3.2.2. Riparian Buffer

Riparian buffer has been applied as edge of field practice in Forested land-use, with
width at baseline conditions 0 m to a maximum of 20 m with 5-m increments. Similar to
VES, increase in buffer width resulted increased reduction in sediment and nutrients con-
centrations as shown in Figure 7. Percent reduction in Sediment, TN and TP concentrations
are listed in Table 7. Although TN and TP reductions were not as good as in case of VFS, it
is expected due to no agricultural or silvicultural management for forested land-use.
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Sediment and Nutrient Reduction at varying Riparian buffer width
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Figure 7. Yield reduction of Sediment and Nutrient due to application Riparian buffer at vary-
ing width.

3.2.3. VFS and Riparian Buffer

This scenario is simulated with the combination of two BMPs, VES and Riparian buffer
in Agricultural and forested lands. Implementing both BMPs throughout the watershed has
significantly reduced sediment and nutrient yields, shown in Figure 8. Percent reduction
varied with respect to width of VFS and buffer. Reduction in sediment concentrations
ranged between 23% and 52%, similarly TN ranged between 22% and 37% and TP between
30% and 46%. Percent reductions at varying width are listed in Table 7.

Sediment and Nutrient Reduction when both VFS and Riparian Buffer are

applied
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Figure 8. Reduction in sediment and Nutrient yields when both VFS and Riparian buffer are applied.

3.2.4. Cover Crops (CC)

Cover crops (CC) are used to maintain soil nutrient concentrations and provide veg-
etative cover to minimize impact of rain drop during a storm event. Rye grass, winter
barley and winter wheat had different impact in streamflow, TN, and TP concentrations as
shown in Figure 9. Although there is no significant impact on sediments, it is observed that
reduction in TN is significant, and ranged between 14% to 26%. Reduction in streamflow
and Nutrient concentrations is listed in Table 8.
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Streamflow and Nutrient reduction with varying Cover Crops
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Figure 9. Reductions in Flow and Nutrient concentrations due to CC implementation.

Table 8. Percentage Reductions when CC were implemented.

Percent Decrease

Cover Crop (CC)

Streamflow TN TP

Rye Grass 5.3 16.3 10.6
Winter Barley 47 14.4 10.6
Winter Wheat 3.7 25.4 104

4. Conclusions

From this study, it is evident that implementing BMPs in a watershed have significant
impact in improving water quality. VFS (in agricultural land), Riparian buffer (forested
land) and combination of both have no impact on reducing streamflow, but these BMPs were
effective in reducing the sediment concentration, TN, and TP. As both VFS and Riparian
buffer are edge of field practices [35], size of the width is directly proportional to extent of
reduction. All three scenarios were simulated for five different widths, starting with 0 m, till
20 m with 5-m increments. The highest reduction in sediment and nutrient outputs were at
20 m width for all three scenarios. The results obtained from this study were compared with
other studies conducted in Big Sunflower River Watershed, in Mississippi [38], and Alger
Creek watershed in Michigan [23] which implemented VFS in their respective watersheds to
validate, results from both studies follow similar trend. Combination of VFS and Riparian
buffer throughout watershed had the highest reduction of the three, with width of 20 m, it
is observed that there is about 52% reduction in sediments, 37% reduction in total nitrogen
and 46% reduction in total phosphorus. Therefore, it is recommended to have a combination
of VFS and Riparian buffer for highest sediment, nutrient reduction that could result in
improving water quality.

Cover Crops (CC) used in this study are planted after the harvest of main crop
(Soybean, Corn, Cotton, and Rice). Crop scheduling, and management operations were
applied based on the observations from Mississippi Agriculture and Forestry Extension
Services [14]. Out of the three crops (Rye grass, winter barley, winter wheat) used as CC,
Rye had proved to be reducing streamflow the highest to about 5% compared to other CC,
whereas winter wheat had the highest TN reduction, about 25%. TP reduction ranged
between 10 to 11% for all three CC. These results were validated by comparing the results
from other studies conducted in Alger Creek Watershed in Michigan [23], Eagle creek
Watershed in Ohio [39], Smith fry watershed in Indiana [40]. All of them reported the
similar trend in application of CC as BMP for Flow, Sediment and Nutrient reductions.
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