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Abstract

:

The effect of nutrient management practices and the land-use system on nutrient enrichment in water resources of a hilly watershed was assessed with an event-based agricultural non-point source (AGNPS) model. The model intended to assess the runoff, sediment and nutrient loads in a typical hilly agricultural watershed. The model was calibrated, evaluated and applied in integration with GIS to predict the soil and nutrient loss. Two nutrient management scenarios were simulated with 25 and 50% reductions in the nutrient application from the present nutrient application. The third scenario was simulated by converting 25% of the agricultural land-use to tea plantations. A total of 15 simulations were run for the different rainfall intensities of the year 2017. The existing land-use scenario simulated the maximum soil loss and Nitrogen and phosphorus load of 8.23 t ha−1, 22.8 and 5.0 kg ha−1. The 50% nutrient reduction scenario reduced 48 and 36% of the Nitrogen and phosphorus load compared to the existing farmers’ practice. The same nutrient dose was compared with the STCR equation, developed for major crops such as potato and carrot in Nilgiris soil, and confirmed the sufficient nutrient supply to produce a sustainable yield. The conversion of 25% of the agricultural land-use to tea plantations reduced the soil loss by 10% from the current land-use. The Nitrogen and phosphorus load was reduced to 56 and 48%, respectively. Hence, the farmers may convert 25% of the land area to tea plantations and reduce 50% of the present fertilizer dose for the major vegetable crops with INM to reduce the nutrient enrichment in the surface water bodies. This study demonstrated the applicability of the AGNPS model in similar watersheds for deriving possible management strategies to reduce soil loss and nutrient movement. Further, the hydrological models can provide valuable insights for promptly prioritizing and making policy decisions in ungauged/data-scarce watersheds.
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1. Introduction


Surface water resources are one of the most productive natural resources on Earth. Despite the enormous water volume on the planet, only 2.47% constitutes fresh water available for domestic, irrigation and other uses. In the present situation, water pollution is becoming one of the most challenging environmental problems worldwide. The nutrient level of surface water bodies has increased dramatically over the last 50 years. Chemical inputs, particularly fertilizers, are the prime factor contributing to global food security security [1,2]. However, nutrient enrichment due to indiscriminate agricultural inputs and the disposal of untreated effluents from industries and urban wastes into water resources are the leading causes of water pollution [3]. In agricultural land-use, tillage and other intercultural operations disturb the soil particles and make them vulnerable to erosion. In high rainfall regions, this problem is intensified when excessive rainfall causes runoff, and the soil from agricultural lands washes into the water bodies. Similarly, in hilly areas, the transport of soil, nutrients and other agricultural chemicals by soil erosion and runoff is eased by the natural topography, and this influx directly influences the water quality [4]. Considerable amounts of nitrate, phosphate, potassium and other nutrients contribute to this from cultivated soils through runoff and erosion, which is recognized as a threat to agricultural productivity and surface water quality [5]. Watersheds located in hilly areas are more susceptible to the Non-Point Source (NPS) pollution of agricultural inputs. The soil erosion rate is accelerated by converting forest to agricultural land in moderate and steep sloppy regions [6]. However, the deterioration of natural resources due to land-use changes dates to the pre-historic era, when agriculture first started during human civilization [7]. Land-use changes, including forest, agriculture, habitat [8] and intensive agriculture in hill watersheds, has increased fertilizers usage [9]. Human activities in agriculture without any soil and water conservation measures further worsen the situation. As agriculture not only supports food and other basic needs, but also the economic development and social prosperity of a nation, this issue must be handled scientifically [10]. With the enhancement of people’s environmental concerns, increasing attention has been paid to conserving natural resources and environmental issues, such as land degradation and soil and water pollution caused by unscientific soil management [11]. Climate change also alters the meteorological parameters, affecting an agricultural watershed’s nutrient dynamics. Hence, dealing with this issue has become the policymakers’ prime target [12]. However, the precise assessment of the impact of sediment and nutrient losses from agricultural fields on surface water quality is always challenging for scientists [13].



Quantifying nutrient losses from the agricultural fields and their causes is essential to accurately estimating nutrient enrichment in water resources and deriving suitable management strategies [14]. Field level monitoring will accurately predict nutrient movement. However, it requires more manpower, time and money. Due to the scarcity of data, the methods will become ineffective on a larger scale [15]. The complexity and expensive nature of laboratory and field observations has necessitated the application of models in predicting the hydrology and nutrient movement at the watershed level [16]. Watershed models capture the dynamic hydrological processes and clearly understand the association between land, water and management practices in a watershed [17]. The most recently developed models are freely available, efficient in time, explicit, comprehensive and user-friendly in simulating nutrients and sediment. Non-point source pollution models are widely used to assess pollutant loads, simulate runoff and soil loss and learn better management practices to address non-point source pollution [18]. Many hydrological models have proved their efficiency at the watershed scale for the prediction of non-point source pollution. The models can also predict the impact of land-use changes on watershed hydrology and nutrient movements [19].



The Agricultural Non-Point Sources Pollution (AGNPS) model is a mathematical model based on the functional relationships between the influential factors in the watershed. This model predicts the surface runoff, sediment and nutrient transport in agricultural watersheds [20]. Many hydrologists and environmentalists have employed the AGNPS model to quantify the runoff, erosion and nutrient movement in the watershed [21,22]. The impact of land-use changes [23,24] and input usages, such as fertilizers and pesticides, can also be assessed in agriculture dominated watersheds. The AGNPS is a suitable and convenient model to design and recommend the best land-use and crop management practices to reduce the sediment and nutrient loading of agricultural watersheds [25]. The Nilgiri district, a high rainfall and hilly region, serves as a significant water source for agricultural and domestic uses in the Nilgiris, Coimbatore, Erode and Tirupur districts of Tamil Nadu. In recent days, the water has become more than an economic good in Nilgiris as the water bodies of Nilgiris have become polluted at an alarming rate. The increasing population pressure was the main reason for extending agriculture into the steeper hill slopes of dense forests during 1950s. This intensification of agriculture has resulted in a significant increase in organic and inorganic fertilizer usage since the early 1960s, leading to the enrichment of nutrients in surface water resources and water quality degradation. The fragile ecosystem of the Nilgiris is highly prone to soil erosion, and a soil loss of more than 40 t ha–1yr–1 [26] has been reported in some places, which is much higher than the average soil loss (16.4 t ha–1yr–1) in India [27]. This high soil erosion rate threatens the agricultural production and surface water quality of the hill regions. Sloppy arable lands with frequent heavy rainfall aggravate the Nitrogen and phosphorus movement through runoff and soil, ultimately affecting the water quality of the region’s water resources [28]. The undulating topography and high rainfall favor natural erosion and runoff in this region, and farmers compensate for the nutrients removed from the soil through the excessive use of fertilizers. This unbalanced fertilization is the prime source of non-point source pollution in the surface water of hilly watersheds [29,30]. Proper land management practices to control erosion and runoff by farmers will reduce the soil erosion and sedimentation in water resources by 20 to 90% in agricultural lands [31]. Erosion control measures and agricultural best management practices can reduce nutrient loading and water pollution. Despite the wealth of information on degraded water quality available elsewhere, studies on nutrient movement from the agricultural watershed are scarce and limited in the Nilgiris. In this study, we employed the AGNPS model to predict the runoff, soil loss and nutrient load. Further, for the first time, in order to derive a nutrient management strategy, we employed STCR equations developed for the major crops of the region. The land-use management strategy is also derived considering the possibility of farmers converting the land to plantations. The results are expected to assess the present situation and project the future nutrient movement scenario and their management measures for sustaining the natural resources at the watershed level.




2. Materials and Methods


2.1. Description of the Model


Modelling is essential to assess the runoff, soil and nutrient loss from an ungauged watershed in less time. Models also predict the efficiency of various management practices to reduce losses. Hydrological models, such as CREAMS, ANSWERS, AGNPS, WEPP, AnnAGNPS, BASINS and SWAT, are widely employed by many researchers for simulating runoff, soil loss and nutrient loads [32]. Depending on the need and data availability, these models can be used for larger basins and small watershed scales. The AGricultural Non-Point Source Pollution (AGNPS) model was used to predict the surface runoff, soil loss and nutrient load from the studied watershed [33]. This model has three components: the hydrology component to calculate the runoff volume and peak flow rate; the sediment transport component to estimate the soil loss; the chemical transport component to assess the Nitrogen (N) and phosphorus (P) load from the watershed.



The model uses the soil conservation service (SCS) runoff curve method, a modified version of the universal soil loss equation (RUSLE) and CREAMS model for predicting runoff, sediment yield and nutrient load, respectively. The primary pollutants in runoff, soluble Nitrogen and phosphorus, are affected by rainfall, fertilizer dose and leaching from the soil. The nutrient load from the sediment is calculated using the total sediment yield from each cell in the CREAMS model. The model is distributed, event-based and operates on a cell basis, where the cells are uniform square areas sub-dividing the watershed. The runoff, sediment and nutrient transport are routed through cells to the watershed’s outlet step-wise so that the flow at any point between cells can be predicted [34]. The digital elevation model (DEM), watershed boundary, soil type and land-use are the essential inputs for the AGNPS model to derive all 22 input parameters for each cell. The DEM is used to extract the watershed parameters, such as the watershed boundary, slope parameters, drainage networks, aspects etc., to run the model. Map Window, an open source GIS software, is used to run the model. The watershed was divided into a 1 × 1 km grid and the other input data, including the crops, land management and fertilizer usage data, were collected through a survey from the watershed farmers. The required climatic data were collected from the meteorological observatory of IISWC, RC, Udhagamandalam.




2.2. Watershed Description


The watershed chosen for the present study was the Sillahalla watershed, located in the Nilgiris district of Tamil Nadu (Figure 1), and lies between the latitudes of 11°19′0″ N and 11°25′0″ N and longitudes of 76°38′0″ E and 76°44′0″ E. The total area of the watershed is 6523 ha, with the maximum area under agricultural lands. The watershed elevation varies between 1869 and 2630 m above the mean sea level. The mean annual rainfall of the watershed area varies between 1300–1400 mm. The slope of the watershed ranges between 2 and 16% in the valleys and foothills to about 50% on the hillsides. The soils of the watershed are predominantly sandy clay loam texture followed by sandy clay. The other soil textures, such as clay, clay loam and loamy sand, are also found in very small patches. The watershed was selected based on the land-use and data availability for the model’s calibration. Agriculture in sloppy land is the most common in the hilly watershed with highly fragmented land holdings.




2.3. Input Data Preparation


The freely available SRTM DEM with 30 X 30 m resolution was downloaded from the website earthexplorer.usgs.gov and used for the study. The elevations of the watershed ranged between 1869 and 2630 m above the mean sea level. This DEM is used to delineate the watershed and to find all the slope parameters used in the model with the help of Mapwindow GIS. Soil samples were collected from the watershed and analyzed for their texture, bulk density and other nutrient status, such as organic carbon, Nitrogen, phosphorus and potassium. With the analyzed data, a soil map was prepared for the watershed. The land-use map was prepared from the google earth data, as well as the survey at the ground level. It is predominantly an agricultural watershed with 82.49% of the area under annual vegetable crops and tea plantations. The forest is covered by 13% land area, 2.53% settlement and 1.15% grassland. Potato, carrot, cabbage, cauliflower, beans and other cole vegetable crops are the major annual crops cultivated in the watershed. The input maps prepared are shown in Figure 2. Nutrient management practices were collected for the major vegetable crops from the watershed farmers. Most farmers cultivate in the sloppy lands, which leads to increased soil erosion, and to compensate for the nutrient loss, farmers are applying nearly 30–40% more fertilizer.



We collected the runoff and soil loss data from the gauging station and calibrated the model for the selected representative rainfall events in the past. The nutrient load is not calibrated due to the lack of available data.




2.4. Simulation with Varying Fertilizer Dose and Land Use Change Scenarios


To evaluate the impact of fertilizer application on the nutrient movement from agricultural lands, we tried two simulation scenarios with varying fertilizer doses (25% and 50% reduction in fertilizer dose from the farmers’ practice). The nutrient management scenarios were created based on the data collected from the watershed farmers. We recorded the current fertilizer application rate for the major crops and compared it with the blanket recommendation of the state agricultural university. The soil nutrient status of the watershed was also recorded simultaneously. Based on the data, we could understand that the watershed farmers are applying almost double the fertilizer dose than the crop requirement. Hence, two scenarios were simulated with reduced fertilizer doses. The percentage reduction was decided based on the Soil Test crop Response (STCR) equation developed for the Nilgiris soils. The third scenario was created by converting 25% of the agricultural land into a tea plantation. The aim of increasing the area under plantation and decreasing the land under agriculture is to simulate the effect of a plantation in reducing soil erosion and nutrient movement from the watershed.





3. Results


3.1. Calibration and Validation of the Model


We calibrated the model for nine selected rainfall events of the year 2003 for runoff and soil loss. Rainfall events of the year 2004 were used for validating the model. The Nash–Sutcliffe efficiency (NSE) [35,36] and correlation coefficient (R2) were used to predict the accuracy of the model (Table 1). The results showed that the measured and predicted runoff was linearly correlated with the correlation coefficient of 0.94 for runoff and was found to be significant. The model overpredicted the runoff by only 8.5% and this satisfactory result shows the excellent calibration of the model. Many other researchers have also confirmed the accurate prediction of runoff by the AGNPS model [37]. Similarly, the correlation coefficient of soil loss was 0.93, which showed a significant linear relationship between the measured and predicted soil loss values (Figure 3). Comparing the mean measured and predicted values showed that the model overpredicted the soil loss by 21.7%. However, the overprediction of the soil loss was observed for the high rainfall events (Table 2). Rode and Frede [38] reported a similar overprediction of sediment yield due to the effective transport capacity of the runoff. The NSE ranges between negative infinity and 1 and the value of the Nash–Sutcliffe model efficiency >0.7 indicates that the model efficiency is satisfactory for the prediction. The calibration and validation results for the runoff showed the satisfactory performance of the model with an NSE value of 0.73 for calibration and 0.74 for validation. Similarly, the soil loss was also predicted well with an NSE value of 0.79 and 0.72 for calibration and validation, respectively. Hence, we used the model to predict the runoff, soil loss and nutrient loss for the studied watershed.




3.2. Simulation of Runoff and Soil Loss


The runoff and soil loss for the selected rainfall events during the rainy season of 2017 was simulated with the AGNPS model. As the model is event-based, we selected 15 rainfall events to represent various amounts of rainfall during the simulation year. The runoff in the hilly region is positively correlated with the rainfall and, in all the events, the soil loss followed the rate of runoff. A maximum runoff of 50.75 mm and soil loss of 8.23 t ha−1 was simulated from the watershed for the rainfall of 81 mm in the existing land-use scenario (Figure 4). Due to the fact that agricultural lands dominate the study watershed with human interventions, the soil erosion is also high during the high rainfall period. The increased amount of soil loss in the agricultural land may be due to less vegetation [39] and a lack of soil and water conservation measures [40]. A similar overprediction of the sediment yield for high intensity rainfall was observed in a hilly watershed [41]. Watersheds with high human interventions will annually lose more than 5 t ha−1 of soil [42]. Due to the presence of less or no vegetation in particular seasons, agricultural lands are generally affected by splash and sheet erosion, further intensifying the problem in rainy seasons. Bench terracing in agricultural lands may be an effective soil and water conservation practice for reducing soil erosion on the higher slope [43].




3.3. Simulation of Nitrogen and Phosphorus Load


Nutrient losses take place through runoff and soil; further, the quantity of loss depends on the slope length and the land-use of the watershed. The Nitrogen and phosphorus loads were estimated from the model for the selected rainfall events (Table 3). The Nitrogen loading in the runoff and sediment from the studied watershed ranged between 2.5 and a maximum of 22.8 kg ha−1. The simulation is realistic with the soil-available Nitrogen status and the nutrient management practices of the watershed. The watershed survey also confirmed that the farmers apply more Nitrogenous fertilizer than the recommended dose. However, the phosphorus loading of the study watershed ranges between 1.2 and 5.0 kg ha−1 under the farmer’s nutrient management practice. Many hydrological studies also confirmed that agriculture is a significant source of nutrient pollution in surface water resources [44,45].




3.4. Response to Alternate Nutrient Management Strategies


In the present study, efforts were taken to study the effectiveness of different nutrient management practices to reduce the nutrient enrichment of the surface water bodies. With the focus on reducing the nutrient load, two different nutrient management scenarios were simulated in the model.



Scenario 1: Reduction of 25% in the nutrient dose (N and P) from the farmer’s practice



Scenario 2: Reduction of 50% in the nutrient dose (N and P) from the farmer’s practice



The assumption used in the scenario is:



The average rate of nutrient application by the farmer was 100% (Framers Practice). Based on this assumption, the scenarios were run for major vegetable crops, such as potato and carrot, to reduce the nutrient movement from the agricultural lands. The results of both scenarios showed reduced nutrient loads (Figure 5); however, a 25% nutrient reduction with INM practices significantly reduced, on average, 17 and 16% of the Nitrogen and phosphorus load. Scenario 2, with a 50% nutrient reduction, showed 48 and 36% reductions in the Nitrogen and phosphorus load from the watershed compared to the existing farmer’s practice. This indicates that fertilizer application for crop production plays a critical role in nutrient enrichment in water resources. Although the effect of fertilizer management practices on the nutrient load seems to be less, we cannot ignore its long term effects on the water quality. This reduces input costs and yields better results in a reasonably short time when executed scientifically [46].




3.5. Response to Alternative Land Management Strategy


Land-use is a key factor in deciding the soil and nutrient loss in the hilly watersheds. Ploughing, unsuitable management practices and deforestation for agriculture are the leading causes of human-induced soil erosion [47,48]. The expansion of agricultural lands through forests increases the intensity of soil erosion [49].



Considering this fact, the AGNPS model was run with the alternative land management scenario, scenario 3, assuming that 25% of the agricultural land is converted to tea plantations with a 50% reduced fertilizer dose (Table 4). The simulation results showed a decrease in the soil erosion and nutrient movement. In this scenario, on average, 10% of the soil loss was reduced. This may result from a reduction in soil disturbance for agricultural practices and the higher vegetation coverage of tea plantations. The Nitrogen and phosphorus loads were reduced to 56 and 48% under scenario three. The reduced land area under agriculture and fertilizer application for crops might contribute to reduced nutrient loss from the watershed.





4. Discussion


Quantifying the soil and nutrient loss from the watershed in terms of nutrient management practices, land-use changes and climate change projections is crucial for holistic watershed development [50,51]. Many researchers have also confirmed the accurate prediction of runoff by the AGNPS model [37]. As the error between the measured and predicted values is less than 25%, we used the model to predict the runoff, soil loss and nutrient loss for the studied watershed.



As agricultural lands dominate the studied watershed with human interventions, soil erosion is also high during the high rainfall period. Rainfall, soil type and management factors in sloppy lands significantly affect the runoff generation from agricultural lands, resulting in the enrichment of Nitrogen and phosphorus into surface water bodies [52]. The impacts from agricultural activities on surface water and groundwater can be minimized by using management practices adapted to the local conditions. Bench terracing in agricultural lands reduces soil erosion on the higher slope [39]. The Nitrogen loading in the runoff and sediment from the studied watershed ranged between 2.5 and a maximum of 22.8 kg ha−1, which is realistic with the soil-available Nitrogen status and the nutrient management practices of the watershed. However, the phosphorus loading of the studied watershed ranged between 1.2 and 5.0 kg ha−1 under the farmer’s nutrient management practice.



The AGNPS model has been successfully used for planning and managing the agricultural watersheds of hilly regions [53]. Two nutrient management scenarios were applied to reduce the nutrient movement from the watershed. To verify the present study’s 50% nutrient reduction scenario, we compared the nutrient dose derived from the Soil Test crop Response (STCR) equation developed for the soils and major crops of the study region. The STCR equation considers the soil nutrient status and the crop’s nutrient requirement. Hence, the 50% reduced fertilizer dose for carrot and potato crops was compared with the following STCR with the INM [54,55] equations developed by the Tamil Nadu Agricultural University for Nilgiri soils.



The STCR equation for carrot with INM:


FN = 0.48 T − 0.17 SN − 0.33 ON










FP2O5 = 1.11 T − 1.17 SP − 0.31 OP











The STCR equation for potato with INM:


FN = 0.71 T − 0.24 SN − 0.41 ON



(1)






FP2O5 = 1.40 T − 0.55 SP − 0.95 OP



(2)




where FN = Fertilizer Nitrogen (kg ha−1); FP2O5 = Fertilizer Phosphorus (kg ha−1); T = Yield target in (q ha−1); SN = Available soil N (kg ha−1); SP = Available soil N (kg ha−1); ON and OP are the quantities of N and P supplied through organic manures (kg ha−1).



These equations were tested based on the watershed’s average soil-available Nitrogen (356 kg ha−1) and phosphorus (180 kg ha−1) content. The yield target of 200 q ha−1 for potato and 300 q ha−1 for carrot was assumed based on the survey conducted from the watershed farmers. The derived fertilizer dose also confirmed that the farmers of this watershed could reduce 50% of the Nitrogen and phosphorus fertilizers with FYM and other organic manures as the INM based on the soil test to obtain the maximum yield of vegetable crops. As the STCR-based fertilizer recommendations calculate the precise quantity of nutrients for the crops based on soil nutrients [56], it will reduce the nutrient load from the agricultural land. The Nitrogen and phosphorus loads from the watershed are significantly related to land-use changes [3]. Several studies have suggested that agricultural management practices alter the nutrient load to water resources in small watersheds [57]. To combat nutrient losses from agricultural fields, farmers can implement nutrient management measures that help maintain high yields and save money on fertilizers.



The annual crop cultivation accelerates soil erosion, resulting in nutrient enrichment in water resources due to the accumulation of transported soil sediments. In contrast, the soil and nutrient loss under other land-uses, such as plantation and forest areas, are negligible [58,59,60]. Steeper slopes are always associated with high runoff, soil erosion and nutrient loss, and the hill watershed’s topography also favors the situation coupled with soil disturbance in agricultural operations [61]. Our study demonstrated that converting agricultural land to tea plantations reduces runoff, soil loss and nutrient loads. This result can be explained as no additional nutrients have been available through fertilizer application in the soil during rainfall events. A decrease in soil erosion was also recorded in the Coonoor watershed due to the expansion of orchards [62]. Horticultural tree plantation and growing grass in terraces have significantly decreased soil loss in the Rani Khola watershed in the eastern Himalayas [40]. Land-use scenario simulations with increased agricultural land by adjusting the forest land showed a significant total Nitrogen and phosphorus accumulation, affecting the water quality of the Old Woman Creek Watershed, Ohio [63]. The farmers in this watershed can convert 25% of the agricultural land on higher slopes to tea plantations without affecting the agricultural income. As all the farmers have their own established tea plantations, there is a high possibility of expanding tea plantations in this watershed. The hydrological models are cost-effective and time-saving tools for evaluating non-point pollution for developing sustainable land-use management strategies at the watershed level [64].




5. Conclusions


Sustainable soil and water management measures include a comprehensive approach to land-use and nutrient management practices at a watershed level. The assessment of soil erosion and nutrient enrichment in water resources are worth studying for resource conservation planning, especially in data scarce regions. In this study, an open source version of the AGNPS model was used for the prediction of runoff, soil loss and Nitrogen and phosphorus movement from the agricultural watershed. The model was calibrated and validated with the available data and was found to be efficient. The AGNPS model was used for the simulation of runoff, soil loss and nutrient loads for the selected events of 2017. A maximum runoff of 50.75 mm and soil loss of 8.23 t ha−1 was simulated for the rainfall of 81 mm. The nutrient loss is at the maximum in high and continuous rainfall. Nutrient management and alternate land-use scenarios were identified and simulated for the studied watershed. A reduction of 50% in the nutrient application for the major vegetable crops with INM reduced the Nitrogen and phosphorus load by 48 and 36%, respectively. The fertilizer recommendation is derived from the STCR equations developed based on the soil test values. The model also runs with an alternate land-use scenario by converting the agricultural land-uses to tea plantations. The root crops, potato and carrot, are cultivated in a larger area that disturbs the topsoil during harvest and causes accelerated soil erosion. Hence, converting 25% of the agricultural land to tea plantations reduced the runoff, soil loss and nutrient loads. We would like to conclude that the farmers can use 25% of the land area with higher slopes for tea plantation and apply 50% of the present fertilizer dose for the major vegetable crops, such as potato and carrot, with INM to reduce the nutrient enrichment in surface water bodies. The study demonstrated that in any watershed management program with limited funds, models are cost-effective for estimating soil erosion and nutrient loads. They are also helpful in deriving management strategies that minimize soil erosion and contain water pollution.
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Figure 1. Location map of study watershed. 
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Figure 2. Input maps of study watershed (A) DEM map; (B) Soil map; (C) Land-use map. 
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Figure 3. Measured and predicted values for runoff and soil loss. 
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Figure 4. Estimated runoff and soil loss from study watershed. 
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Figure 5. Effect of nutrient management scenarios on average N and P load from the watershed. 
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Table 1. Correlation coefficient and NSE for the calibration and validation results.
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Process

	
Accuracy tested

	
Runoff

	
Soil loss






	
Calibration

	
R2

	
0.94

	
0.93




	
NSE

	
0.73

	
0.79




	
Validation

	
R2

	
0.89

	
0.87




	
NSE

	
0.75

	
0.72
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Table 2. Calibration of predicted runoff and soil loss values for selected events during the year 2003.
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Date

	
Rainfall (mm)

	
Runoff (mm)

	
Soil Loss (tha−1)




	
Measured

	
Predicted

	
Measured

	
Predicted






	
20 June 2003

	
17.8

	
6.6

	
7.8

	
2.2

	
2.9




	
20 June 2003

	
24.2

	
10.4

	
13.5

	
4.8

	
7.2




	
4 July 2003

	
10.4

	
3.5

	
3

	
2.1

	
1.7




	
5 July 2003

	
12.4

	
3.8

	
4.6

	
3.3

	
4.3




	
16 July 2003

	
10.9

	
2.9

	
2.4

	
1.5

	
1.1




	
17 July 2003

	
10.8

	
2.5

	
1.8

	
0.4

	
0.3




	
31 July 2003

	
15.8

	
4.6

	
5.6

	
1.5

	
1.8




	
12 August 2003

	
17.6

	
2.6

	
2.1

	
0.8

	
0.9




	
23 August 2003

	
11.7

	
2.9

	
2.4

	
0.9

	
1.1




	
Sum

	

	
39.8

	
43.2

	
17.5

	
21.3




	
Mean

	

	
4.4

	
4.8

	
1.9

	
2.4
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Table 3. Estimated nutrient movement from the study watershed under the present nutrient management (Farmers practice).
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	Date
	Rainfall

(mm)
	Nitrogen

(kg ha−1)
	Phosphorus

(kg ha−1)





	8 May 2017
	35.8
	16.30
	4.2



	13 May 2017
	10.4
	7.65
	1.2



	28 June 2017
	11.2
	8.00
	1.3



	19 August 2017
	15.8
	7.90
	1.6



	21 August 2017
	8.9
	2.50
	2.0



	29 August 2017
	14.9
	3.65
	4.0



	3 September 2017
	81.0
	22.80
	5.0



	5 September 2017
	13.4
	10.35
	2.4



	9 September 2017
	24.3
	11.25
	2.0



	11 September 2017
	39.4
	16.40
	4.2



	15 September 2017
	11.8
	10.05
	2.0



	17 September 2017
	25.8
	10.15
	2.0



	18 September 2017
	34.6
	11.05
	3.8



	26 September 2017
	15.4
	9.15
	2.0



	2 October 2017
	23.2
	7.80
	1.8
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Table 4. Effect of alternate land management scenario on soil loss, N and P load from the watershed.
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Rainfall mm

	
Soil Loss

(t ha−1)

	
Nitrogen Load

(kg ha−1)

	
Phosphorus Load

(kg ha−1)




	
Farmers Practice

	
Scenario 3

	
Farmers Practice

	
Scenario 3

	
Farmers Practice

	
Scenario 3






	
35.8

	
5.37

	
4.73

	
16.30

	
7.66

	
4.2

	
2.0




	
10.4

	
1.04

	
0.92

	
7.65

	
3.60

	
1.2

	
0.4




	
11.2

	
1.01

	
0.89

	
8.00

	
3.76

	
1.3

	
0.6




	
15.8

	
3.32

	
2.92

	
8.10

	
3.71

	
1.6

	
0.6




	
8.9

	
1.96

	
1.72

	
2.70

	
0.50

	
2.0

	
1.2




	
14.9

	
3.73

	
3.28

	
4.68

	
1.72

	
4.0

	
2.8




	
81

	
8.23

	
7.38

	
22.80

	
10.71

	
5.0

	
3.4




	
13.4

	
3.35

	
2.95

	
10.35

	
4.86

	
2.4

	
1.2




	
24.3

	
4.13

	
3.63

	
11.28

	
5.29

	
2.0

	
1.0




	
39.4

	
7.5

	
6.6

	
16.40

	
7.70

	
4.2

	
2.0




	
11.8

	
2.48

	
2.18

	
10.05

	
4.72

	
2.0

	
1.0




	
25.8

	
5.42

	
4.77

	
10.15

	
4.77

	
2.0

	
1.0




	
34.6

	
6.61

	
6.7

	
11.09

	
5.19

	
3.8

	
2.8




	
15.4

	
2.31

	
2.03

	
9.10

	
4.30

	
2.0

	
1.0




	
23.2

	
3.75

	
3.3

	
7.80

	
3.67

	
1.8

	
0.8
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