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ABSTRACT
The present study modeled the sediment and nutrient export from an agricultural catchment of
middle Ponnaiyar subwatershed to the highly eutrophicated Krishnagiri reservoir located in the
Krishnagiri district of Tamil Nadu. Soil Water Assessment Tool (SWAT) was used to quantifythe
nutrient loading from the catchment area. In addition to basic inputs such as DEM, Land use and
soil, the management practices especially land preparation and nutrient supply is an essential
input for nutrient simulation. Crop details, fertilizer application rates, irrigation frequency, tillage
operation were obtained through Questionnaire survey, Key Informant Interview and Secondary
data from Local Agricultural Agencies. SWAT model showed that the highest export of Total
Nitrogen (TN) of 29 kg ha-1yr-1 and Total Phosphorous (TP) of 16.43 kg ha-1yr-1 was found from the
fourth sub basin of middle Ponnaiyar subwatershed. The pasture land in the catchment area
contributes higher sediment yield than agricultural lands. TN exports are higher (3.08 kg/ha/yr)
from the croplands where more than two crops are cultivated and TP exports are higher (4.08 kg/
ha/yr) from row crops.
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INTRODUCTION
Agriculture has been an engine of economic growth
in many countries especially in India (Gillespie et al.,
2015). In addition to irrigation, nutrient supply is
essential to enhance the agricultural production.
This is achieved by the application of fertilizers.
Nutrients play a vital role in determining soil
fertility andit is very essential for the health of the
plant. Among the nutrients Nitrogen (N) is essential
for protein assimilation. It is a part of chlorophyll
pigment (green pigment of leaves) which is
responsible for photosynthesis processes. Similarly
phosphorous (P) is also very important for
photosynthesis process and helps to generate oils,
sugars and starches for plant growth. It transforms
solar energy into chemical energy and encourages
proper plant maturation and root growth (Zyngier et
al., 2010).
Excess application of fertilizers can lead to
environmental problems (Liao et al., 2008; Sudjarit et
al., 2015; Krysanova and White, 2015). Nutrients can

be transported by runoff to the water bodies and can
be leached to ground water (Young et al., 1996) and
hence it is not available in the root zone of the plant.
This movement of nutrients ultimately reaches the
water bodies like reservoirs, lakes and ponds which
causes eutrophication. The main effects of
eutrophication (Sudjarit et al., 2015; Krysanova and
White, 2015; Freihoefer and McGinley, 2008)
arebiomass of freshwater phytoplankton and
periphyton increase, Dissolved Oxygen (DO)
decreases, pH increases, Water clarity and quality
reduces, Fish kills and Water became unfit for
specific purposes.
Long term remedial measures to control the
pollution necessitate the quantification of the
pollutant loads. Modeling approach is able to
quantify the nutrient loading and helps to identify
the different approaches that can be used to reduce
nutrient loads to the reservoirs. A perusal of
literature suggests that only fewer studies are
carried out in this aspect in the Southern India.
Hence the present study makes an attempt to model
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the nutrient export from an agricultural catchment
of a highly eutrophicated reservoir located in the
Krishnagiri district of Tamil Nadu. The focus of the
study is aimed to simulate flow, sediment load and
nutrient export from the Middle Ponnaiyar
subwatershed using SWAT model and to assess the
nitrogen and phosphorus export from different land
uses in the Middle Ponnaiyar subwatershed using
SWAT model
The Soil and Water Assessment Tool (SWAT)
model (Arnold and Fohrer, 2005) has proven to be
an effective tool for assessing water resource and
non-point pollution problems for a wide range of
scales and environmental conditions across the
globe. In India, SWAT N and P predictions were
tested in two studies using measured data within
the Midnapore (Behera and Panda, 2006) and
Hazaribagh (Tripathi et al., 2003) districts of eastern
India. Both studies concluded that the SWAT model
could be successfully used to satisfactorily simulate
nutrient losses.
Shen et al., (2013) applied SWAT in the Three
Gorges Reservoir basin (China) to estimate nitrogen
and phosphorus loads and identify causal factors.
They found the paddy fields (rice) and non-irrigated
cultivated areas to be the largest sources of both
nutrients. Cerro et al., (2014) applied SWAT to
estimate daily nitrate loads in the Alegria watershed
(Spain). The calibrated model was used to evaluate
the long-term (50 years) effects of reduced
fertilization rates on nitrate levels. Generally the
model predictions were evaluated for both the
calibration and validation periods using graphical
comparisons and statistical measures. The R2 value
is an indicator of the strength of relationship
between measured and simulated values, whereas
the E value measures how well the simulated values
agree with the measured value. Both values
typically range from zero to one, with value of one
considered a perfect match.
STUDY AREA
The Middle Ponnaiyar a sub- watershed (355.7 km2)
of Krishnagiri Reservoir Catchment is the study area
(Fig 1). It falls under the tropical hot zone where the
temperature rises during the months of April to June
(summer) when it ranges from 34o C to 37o C. The
minimum temperature varies from 22o C to 24 oC
during the months of October to December during
northeast monsoon season. The sub-watershed
receives rainfall from both Southwest and North

East monsoon seasons. Agricultural area occupies a
maximum of 59.4 percent followed by the scrub land
of 21.7 percent and fallow land of 11.9 percent.
Forests occupy an area of 17.08 km 2 (4.8%).
Reservoir, tanks and water bodies account to 2%.
The major crops cultivated in the area are paddy,
groundnut, sugarcane, horse gram, sorghum, finger
millet, little millet and potato.

Fig. 1. Index map and SWAT sub-basins of the study
watershed in DEM

MATERIALS AND METHODS
Topography of the study area is obtained through a
Digital Elevation Model generated in QGIS
environment using a 90 m resolution SRTM data.
The agricultural areas in the study area are crucial in
deciding the nutrient export from the catchment.
Hence a finer level classification of land use and
land cover map was obtained from the Institute of
Remote Sensing, Anna University. Soil properties
such as bulk density, hydraulic conductivity and
available water holding capacity required to
characterize the subsurface conditions was obtained
from Tamil Nadu Agricultural University (TNAU).
Soil nutrient data containing total nitrate and total
phosphate was obtained from Agriculture
Engineering Department, Krishnagiri. Precipitation,
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Temperature, Solar Radiation and Relative
Humidity at daily time step were obtained from the
Fully Climatic Station located at Melumalai. In
addition rainfall at daily time step was also obtained
from rain gauge stations Sulagiri, Hosur and
Royakottai. Daily stream flow, sediment and
nutrient load collected from Central Water
Commission gauging station at Gummanoor along
with the stream flow and sediment data obtained at
the outlet of the middle Ponnaiyar subwatershed
from a calibrated SWAT model were used in the
present study for calibration and validation. The
management operations such as Crop details,
fertilizer application rates, irrigation frequency and
tillage operation were obtained through
Questionnaire survey, Key Informant Interview and
Secondary data from Local Agricultural Agencies.
The SWAT model (Shen et al., 2013) includes the
major components of hydrology, erosion, nutrient
fate, agricultural management and channel process.
Watershed hydrology is based on a water balance
equation, comprising surface runoff, precipitation,
evapotranspiration, infiltration and subsurface
runoff. Surface runoff from daily rainfall is
calculated by SCS curve number method. Potential
evapotranspiration is calculated by the PenmanMonteith equation which requires solar radiation,
air temperature, relative humidity and wind speed.
Erosion and sediment yield estimation is calculated
by MUSLE. Nutrient movement and transformation
are simulated as a function of the nitrogen or
phosphorus cycles. The nitrogen cycle processes are
mineralization, decomposition, nitrification,
ammonia volatilization and denitrification and the
phosphorus cycle processes are mineralization and
decomposition. Every nutrient transformation step
is expressed by equations in SWAT (Neitsch et al.,
2011 Blake et al., 2015). Agricultural management
operations such as tillage, planting dates,
fertilization, irrigation and harvesting are provided
as inputs to the model (Freihoefer and McGinley
2008; Shen et al., 2013). Finally runoff, sediments
and chemicals are calculated for each Hydrologic
Response Unit (HRU) and then routed in stream
channel.
Agricultural Management Practices
An intensive field visits and interview with farmers,
agricultural officers and local agro agencies helped
to obtain the major cropping details in the study
area. The current management practice forthe major
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crops such as paddy, groundnut, tomato and
cabbage were simulated in the model. Cabbage is
planted from 1st August after a tillage operation and
is harvested in the middle of November the same
year where upon soil is tilled again. Tomato is
planted from February and harvested in the
beginning of July in the year. Paddy crop is
cultivated from mid of June and harvested in the
mid of November which requires a standing column
of water during its growth stage. Similarly
Groundnut is a 90 day crop planted in the beginning
of November and harvested in February of the
subsequent year.
The local agro agencies and farmers confirmed
the use of fertilizers type NPK 19:19:19 which is a
complete water soluble, ideal fertilizer which
provides all major macronutrients N-P-K in a
balanced ratio to the plants through foliar spray or
fertigation at the time of maximum requirement
with the lowest losses. N-P-K: 13-00-45 is Water
Soluble Fertilizer contributing nitrogen 13 % and
potassium 45 %. Potassium nitrate is a unique
source of potassium by its nutritional value and its
contribution to the health and yields of plants.
Potassium nitrate outperforms other potassium
fertilizers on crops of all types. Potassium nitrate
increases yields and improves quality in vegetables
and field crops. Urea is an inexpensive form of
nitrogen fertilizer with an NPK (nitrogenphosphorus-potassium) ratio of 46-0-0. The amount
and date of fertilizer application, which are in
conformance with the standard application rate as
suggested by TNAU were used as an input in the
management operations of the SWAT model to
simulate the nutrient loads of the watershed. The
workflow diagram is shown below.
Work flow
Middle Ponnaiyar sub-watershed of Krishnagiri
Reservoir catchment
Model Parameterization
The QSWAT interface for SWAT version 2012 was
used to compile the SWAT input files. The
watershed was discretized into 5 sub-basins (Fig 1)
and divided into 303 HRUs, created from the
combination of four slope classes (0–5, 5–10, 10 -20
and >20%), eight soil types and 5 land uses. The
land uses, soil and slope thresholds used for the
HRU delineation was 2%/5%/5% of the area for all
the cases.
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Sensitivity Analysis
Twenty parameters related to stream flow were
initially iterated out of which nine parameters as
indicated in Table 1 against flow were found more
sensitive. A t-test is then used to identify the relative
significance among these 9 parameters. Base flow
alpha factor of the watershed has a larger absolute
value for t-stat and hence it is the most sensitive
parameter for stream flow followed by Curve
number of the watershed.
Sediment
SWAT uses MUSLE for prediction of sediment
concentration and those parameters which are
sensitive to sediment only were chosen for
sensitivity analysis. After first iteration, 5 parameters
as indicated in Table 1 against sediment were found
more sensitive. USLE support practice factor is
found to be the most sensitive.
Nutrient
The parameters which are sensitive to nutrients such

as nitrogen and phosphorus were chosen for
sensitivity analysis. After first iteration, 9 parameters
as indicated in Table 1 against nutrients were found
more sensitive. Organic N enrichment ratio
(ERORGN) is found to be the most sensitive
followed by the Organic P enrichment ratio
(ERORGP).
The fitted value for the flow, sediment and
nutrient with its ranges used for calibration are
shown in Table 1.
Calibration and Validation
The capability of a hydrological model to adequately
simulate stream flow, sediment and nutrient
concentration typically depends on the accurate
calibration of parameters (Xu et al., 2009. Sequential
Uncertainty Fitting Algorithm (SUFI2) were used for
calibration In SWAT CUP. After calibration of flow,
calibration of sediment was carried out for the same
time period and then nutrients were calibrated for
the same time period. The hydrographs, sediment
graphs, TN and TP graphs simulated in the model is

SEDIMENT AND NUTRIENT EXPORT MODELING IN A SUBWATERSHED OF KRISHNAGIRI

389

Table 1. Sensitive parameters, minimum, maximum and fitted values
Variable

Parameter Name

Flow

V__ALPHA_BF.gw
V__GW_DELAY.gw
V__GWQMN.gw
V__GW_REVAP.gw
V__ESCO.hru
V__CH_K2.rte
R__SOL_AWC (..).sol
V__CH_N2.rte
R__CN2.mgt
V__USLE_P.mgt
V__SLSUBBSN.hru
R__RSDCO.bsn
V__SPCON.bsn
V__SPEXP.bsn
V__USLE_P.mgt
R__CMN.bsn
R__PSP.bsn
V__ERORGP.hru
V__ERORGN.hru
R__RCN.bsn
R__N_UPDIS.bsn
R__P_UPDIS.bsn
R__NPERCO.bsn
R__PPERCO.bsn

Sediment

NutrientTotal NAnd Total P

Fitted Value
0.678
20.273
152.357
0.138
0.611
3.186
-0.009
0.007
0.165
0.145
19.800
0.094
0.008
1.295
0.145
0.001463
0.373
0.75
0.55
0.035
21.01
22.17
0.1695
15.325

Minimum value Maximum value
-0.071
10.676
141.900
0.124
0.490
1.095
-0.021
-0.057
-0.104
0.100
10.000
0.020
0.001
1.000
0.100
0.0001
0.1
0
0
0
1
1
0.01
10

0.693
20.321
251.974
0.214
0.670
8.698
-0.002
0.103
0.186
1.000
150.000
0.100
0.010
1.500
1.000
0.003
0.4
5
5
0.5
30
30
0.3
17.5

v__ means the existing parameter value is to be replaced by the given value
r__ means the existing parameter value is multiplied by (1+ a given value)

shown in Figure (2 to 5) along with the uncertainty
bands.
Model Performance
The performance of the SWAT model was evaluated
qualitatively by visual inspection of graphs and
quantitatively using the Nash Sutcliffe efficiency
(NSE), percent bias (Pb), and coefficient of

determination (R2) (Moriasi et al., 2007). The model
performance in the present study for monthly
stream flow based on NSE for both calibration and
validation period can be rated as ‘very good’
(Moriasi et al., 2007) and based on PBIAS the model
can be rated as ‘Very good’ for calibration and
‘Good’ for Validation (Table 2). PBIAS for stream
flow shows a negative value for both calibration and

Fig. 2. Calibration and validation of the flow at the outlet of the Middle Ponnaiyar Sub-watershed
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PBIAS for total nitrogen shows a negative value of 24.6 % indicating underestimation bias whereas
PBIAS for total phosphorus during calibration
shows a positive value of 6.3 % indicating the model
overestimation bias.
RESULTS AND DISCUSSION
Water Balance

Fig. 3. Calibration and validation of the sediment at the
outlet of the Middle Ponnaiyar Sub-watershed

Fig. 4. Calibration and validation of the Total Nitrogen
(TN) at the outlet of the Middle Ponnaiyar Subwatershed

The average annual precipitation of the Middle
Ponnaiyarsub watershed was 752.8 mm during the
period of analysis 1998 to 2011. The water balance of
the SWAT model (Figure 6) is tested using a
standalone screening tool called SWATcheck for
potential problems of the SWAT output. Initial run
showed high runoff and less evapotranspiration
from the study watershed. Hence the soil
compensation factor (ESCO) in the model was
adjusted to arrive the ET to Precipitation ratio to 0.7
without compromising on the other components.
The model predicted that mean annual rainfall for
the total simulation period over the subwatershed
(752.8 mm) is mainly removed through
evapotranspiration (ET) from the basin (70%)
yielding a surface runoff of 12%. The computed
water balance components indicated a good
correlation with the observed runoff.
Nitrogen and Phosphorus Cycle

Fig. 5. Calibration and validation of the Total
Phosphorus (TP) at the outlet of the Middle
Ponnaiyar Sub-watershed

validation period indicating the model has
overestimation bias. Model simulation for monthly
sediment concentration based on NSE for calibration
period can be rated as ‘good’ and validation period
can be rated as ‘satisfactory’. The PBIAS shows a
negative value of 43.4% during calibration and a
positive value of 4.4% during validation indicating
the model underestimation bias and overestimation
bias respectively. Calibration for the nutrients such
as total nitrogen and total phosphorus results
indicate the NSE value 0.75 for both nutrients. The

The results from model shows that contribution of
inorganic nitrogen from the application of fertilizer
is 16.318 kg/ha and contribution of organic nitrogen
including residue mineralization and humic
substances mineralization is 10.46 kg/ha. Nitrogen
loss from soil by denitrification is 4.757kg/ha.
Similarly, the contribution of inorganic phosphorous
from the application of fertilizer is 0.006 kg/ha and
contribution of organic phosphorous including
residue mineralization and humic substances
mineralization is 2.017 kg/ha.
Landscape Nutrient Loss
From the model output, it was found that the total
nitrogen losses and total phosphorous losses from
landscape were 4.572 kg/ha and 0.366 kg/ha
respectively. Table 3 summarizes the sediment and
nutrient export from the Middle Ponnaiyar sub
basins. Sediment export from Sub basin 1 were
found to be higher compared to all sub basins which
may be attributed to the land use classes. Both TN
and TP exports are higher from the sub basin 4 with
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Table 2. Performance ratings for the model in monthly time step
Parameter

Stage

Flow

Calibration
Validation
Calibration
Validation
Calibration
Calibration

Sediment
Total nitrogen
Total phosphorus

p-factor

r-factor

R2

NSE

0.58
0.27
0.10
0.50
0.17
0.17

0.65
0.39
0.00
9.2
0.47
0.44

0.85
0.84
0.78
0.5
0.78
0.78

0.85
0.77
0.63
0.50
0.75
0.75

PBIAS (%)
-10
-8.3
-43.3
4.4
-24.6
6.3

Table 3. Sub basin wise land use level outputs for sediment, TN, and TP
Sub Basin

Area (km2)

Sediment
(tons ha-1 yr-1)

Total Nitrogen
(kg ha-1 yr-1)

Total Phosphorus
(kg ha-1 yr-1)

42.75
43.19
158.49
19.87
91.73

23.40
7.70
6.87
3.68
1.79

2.34
2.44
2.77
29.00
9.64

1.48
1.66
1.52
16.43
5.61

1
2
3
4
5

Table 4. Summary of land use level outputs from the Middle Ponnaiyar watershed
Land use
Agricultural row crops
More than two crops
Forest
Indian grass
Pasture
Plantation
Kharif and Rabi Crops

Area km2

SED (tons ha-1 yr-1)

TN(kg ha-1 yr-1)

TP (kg ha-1 yr-1)

3.32
4.03
17.08
77.19
42.52
22.01
182.28

9.42
8.37
0.78
2.92
34.35
5.68
6.79

0.81
3.08
0.00
0.02
0.00
0.78
0.12

4.08
3.34
0.46
0.86
2.27
5.09
2.93

Fig. 6. Water balance of the Middle Ponnaiyar sub-watershed

an average of 29 kg/ha/yr and 16.43 kg/ha/yr
respectively.
Table 4 summarizes the land use wise outputs for
sediment, TN, TP of Middle Ponnaiyar
subwatershed and agricultural management inputs
given to the land uses are Agricultural row crops
(AGRL), More than two crops (MRIC) and Kharif-

Rabi crops (RABI).
Average sediment yield from agricultural land
was 9.42 t/y. The pasture land in the catchment area
contributes higher sediment yield than agricultural
lands. TN exports are higher (3.08 kg/ha/yr) from
the croplands where more than two crops are
cultivated and TP exports are higher (4.08 kg/ha/
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yr) from row crops.
CONCLUSION
The present study concludes the higher export of
nutrients from the agricultural lands and more
sediment generation from the pasture land. In order
to increase the lifetime of the reservoir both external
as well as internal nutrient loads should be
managed. Farmers should be sensitized and best
management practices for each crops should be
evolved and practiced. This should be integrated in
the watershed management programs which would
eventually reduce the sediment generation and
transport from the watershed areas to the reservoirs.
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