
 

1. Title. Impact of soil management practices on water conservation and enhancing climate 

resilience 

 

2. Project Type. Research 

 

3. Focus Categories. AG, HYDROL 
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8. Principal investigator(s).  

Sayantan Samanta (Doctoral student)  

Starting / Expected year of graduation: (Fall 2018 / Summer 2022)  

Department: Water Management and Hydrological Science, Texas A&M University, College 

Station, TX 77843  

Email: ssamanta@tamu.edu;  Phone: (979) 422-7898  

Graduate advisor: Dr. Srinivasulu Ale, Associate Professor, Texas A&M AgriLife Research 

Vernon 

 

9. Congressional District of the university where the work is to be conducted. 

17th Congressional District of Texas 

 

10. Abstract.  

Texas ranks second in the US in revenue generated from agriculture and first in terms of 

crop acreage, as of 2017. Texas agriculture faces challenges from recurring droughts, declining 

water availability and projected warmer temperatures in the future. Adoption of good soil 

management practices to efficiently utilize the available natural water resources is therefore very 

important for sustaining agriculture. Tillage is one of the key soil management practices that 

control soil evaporation rates and water infiltration, and thereby affect plant available soil water. 

For instance, conventional tillage is known to increase soil evaporation while no tillage has been 

found effective in improving soil water content. The choice of adoption of soil conservation 

measures depends on multiple factors such as the farmers’ beliefs about the usefulness of practices, 

the risk of practicing soil conservation, and profitability of the practice. The proposed study 

focuses on quantifying water conservation benefits of adopting soil management practices at a 

small watershed scale using the Agricultural Policy Environmental EXtender (APEX) model. 

Measured data on soil hydraulic properties under conventional tillage, no-tillage and perennial 

grassland management would be used to model the farms over a varied range of climatic conditions 

in the selected watershed. Alternative scenarios will be developed by swapping soil managements 

practices. Crop water use and irrigation water availability would be analyzed to develop an 

understanding of the effects of soil management practices and evaluate their benefits. 

Subsequently, water yield and runoff trends will be obtained from the model outputs to understand 
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the impact of soil management on regional water resources. This study will provide estimates of 

irrigation needs across the study watershed under varied climatic and soil management scenarios 

and help farmers make informed decisions regarding efficient utilization of water resources. 

 

11. Budget Breakdown. 

 
Cost Category Federal Non-Federal Total 

1. Salaries and Wages 

 

- Principal Investigator(s)   

 

- Graduate Student(s)   

 

- Undergraduate Student(s)   

- Others   Total 

Salaries and Wages 

$2,158 $ 5,175 $7333 

2. Fringe Benefits 
- Principal Investigator(s)   

 

- Graduate Student(s)   

 

- Undergraduate Student(s)   

- Others   Total 

Fringe Benefits 

$865 $ 1,426 $2291 

3. Tuition 
- Graduate Student(s)   

- Undergraduate Student(s)   Total 

Tuition 

$1,977 

 

$1,977 

4. Supplies    

5. Equipment    

6. Services or Consultants    

7. Travel    

8. Other direct costs    

9. Total direct costs  
$6,601 $6,601 

10a. Indirect costs on federal share XXXXXXXX 

XXXXXXXX 
  

10b. Indirect costs on non-federal share XXXXXXXX 

XXXXXXXX $3,400 $3,400 

11. Total estimated costs 
$5000 $10,001 $15,001 

Total Costs at Campus of the University on which the Institute or 
Center is located. $5000 $10,001 $15,001 

Total Costs at other University 
Campus Name of University: 

 

$ 

 

$ 

 

$ 



12. Budget Justification. 

 
Salaries and Wages for PIs. Provide personnel, title/position, estimated hours and the rate of compensation proposed for each individual. 

 

Salaries and Wages for Graduate Students. Provide personnel, title/position, estimated hours and the rate of compensation proposed for each individual. (Other 

forms of compensation paid as or in lieu of wages to students performing necessary work are allowable provided that the other payments are reasonable 

compensation for the work performed and are conditioned explicitly upon the performance of necessary work. Also, note that tuition has its own category below 

and that health insurance, if provided, is to be included under fringe benefits.) 

 $2,158 will be used towards the graduate student’s salary for 1.13 months  

Salaries and Wages for Undergraduate Students. Provide personnel, title/position, estimated hours and the rate of compensation proposed for each individual. 
(Other forms of compensation paid as or in lieu of wages to students performing necessary work are allowable provided that the other payments are reasonable 

compensation for the work performed and are conditioned explicitly upon the performance of necessary work. Also, note that tuition has its own category below 

and that health insurance, if provided, is to be included under fringe benefits.) 

 

Salaries and Wages for Others. Provide personnel, title/position, estimated hours and the rate of compensation proposed for each individual. 

 

Fringe Benefits for PIs. Provide the overall fringe benefit rate applicable to each category of employee proposed in the project. . Note: include health insurance 

here, if applicable. 

 

Fringe Benefits for Graduate Students. Provide the overall fringe benefit rate applicable to each category of employee proposed in the project. Note: include 

health insurance here, if applicable. 

 $865 estimated as per Texas A&M’s fringe rate for graduate students:  11% of salary, and the insurance: $558 per 

month 

Fringe Benefits for Undergraduate Students. Provide the overall fringe benefit rate applicable to each category of employee proposed in the project. Note: 
include health insurance here, if applicable 

 

Fringe Benefits for Others. Provide the overall fringe benefit rate applicable to each category of employee proposed in the project. . Note: include health 

insurance here, if applicable. 

 

Tuition for Graduate Students. 

 $1,977 will be used to support graduate student’s tuition for the 2021 Fall/ 2022 Spring semesters 

Tuition for Undergraduate Students 

 
Supplies. Indicate separately the amounts proposed for office, laboratory, computing, and field supplies. Provide a breakdown of the supplies in each category. 

 

Equipment. Identify non-expendable personal property having a useful life of more than one (1) year and an acquisition cost of more than $5,000 per unit. If 

fabrication of equipment is proposed, list parts and materials required for each, and show costs separately from the other items. A detailed breakdown is required. 

 

Services or Consultants. Identify the specific tasks for which these services, consultants, or subcontracts would be used. Provide a detailed breakdown of the 

services or consultants to include personnel, time, salary, supplies, travel, etc. 

 
Travel. Provide purpose and estimated costs for all travel. A breakdown should be provided to include location, number of personnel, number of days, per diem 

rate, lodging rate, mileage and mileage rate, airfare (whatever is applicable). 

 

Other Direct Costs. Itemize costs not included elsewhere, including publication costs. Costs for services and consultants should be included and justified under 
“Services or Consultants (above). Please provide a breakdown for costs listed under this category. 

 
Indirect Costs. Provide negotiated indirect (“Facilities and Administration”) cost rate. 

 



 

13. Statement of regional or State water problem.  

 

 Agriculture is the largest consumer of 

water and nearly two-thirds of available ground 

and surface water in Texas is used for irrigation. 

Depletion of natural water resources has 

therefore become a crucial problem. Extensive 

groundwater withdrawal, which is several orders 

of magnitude larger than the natural recharge, 

from the Ogallala Aquifer, is particularly an 

alarming example of mismanagement at a 

farm/regional level. With the increase in 

frequency of droughts, projected warmer 

temperatures in the future and increase in urban 

water demand in Texas (TWDB, 2017), efficient 

management of existing natural water resources 

is very important. Preliminary results from our 

field scale study using the Precision Agricultural 

Landscape Model (PALMS) model have shown 

an increase in plant available water in the vadose 

zone by changing management from 

conventional tillage to no-tillage (fig. 1) (Samanta et al., 2019, 2020a, 2020b). These results 

indicate that adoption of conservation/no tillage could potentially reduce the irrigation 

requirements. Although many studies were conducted to demonstrate the usefulness of 

conservation/no tillage practices at field scales, studies quantifying the benefits of adopting such 

practices at the watershed scale are lacking. Our proposed research focuses on this research gap. 

 

 

14. Statement of results or benefits.  

  

 The proposed methodology would advance the knowledge of water conservation benefits 

of adopting conservation/no tillage at the watershed scale. It will also enable assessment of the 

effects of changing soil management practices on water yield and runoff. It is expected that the 

model will respond in a manner that would show the benefits of adopting no-tillage or at least any 

form of less destructive tillage such as conservation or strip-till. This study would also help in 

understanding the effects of good farm management strategies on mitigating the adverse effects of 

climate variability, keeping in view the quantity of available natural resources. With the ever-

increasing stress on water resources, this study would highlight the importance of good farm 

management in reducing irrigation water needs. 

 

 

15. Nature, scope, and objectives of the project, including a timeline of activities. 

 

 The primary objective of this study is to develop a watershed scale model and assess the 

water conservation benefits of adopting conservation/no tillage over conventional tillage practices. 

Fig. 1 Gain in plant available soil water on 

switching from conventional tillage (CT) to no-

tillage (NT) 

Source: Samanta et al. (2020a) 



The second objective is to assess the effects of adopting conservation/no tillage on reducing 

interannual variability in crop yields and thereby enhancing climate resilience. The Agricultural 

Policy Environmental EXtender (APEX) Model (Gassman et al. 2009) will be calibrated and 

validated for the study watershed using measured data on soil water, runoff, streamflow and crop 

yields, and then the evaluated model will be used to achieve the above objectives. 

 

Tasks Summer 

2021 

Fall 

2021 

Spring 

2022 

Develop APEX model for Riesel ARS watershed X   

Calibrate and validate the model with measured data X   

Build scenarios with various combinations of soil management 

practices across the watershed 
 X  

Assess the water conservation benefits of good soil 

management practices 
 X  

Assess the effects of soil management practices on enhancing 

climate resilience 
  X 

 

 

16. Methods, procedures, and facilities.  

 

 The USDA Agricultural Research Station (ARS) 

at Riesel, TX hosts valuable historic hydrological data 

consisting of climate, land management, runoff from the 

edge of field, sediment losses and crop yield data. The 

proposed study will focus on a small watershed, part of 

which is operated by USDA ARS (Arnold et al. 1995). 

One of the challenges of this study is the lack of a 

monitored no-tillage plot in the facility. We will review 

the literature to identify the extent of adoption of no-

tillage practices in the watershed. Soil input data for this 

study will be obtained from soil characterization data for 

Houston Black soil, which is the predominant soil in the 

study area.  

 APEX model will be used in this study. It is a 

land management simulation model that was originally 

developed to estimate the impacts of crop management 

practices on soil, water, and crop yield at a small 

watershed scale. It can be configured for a variety of land 

management practices such as irrigation, fertilization, 

manure management, crop rotation and tillage 

management. The model can efficiently simulate water 

routing, and sediment, nutrient and pesticide losses at the watershed scale.   

 To achieve the first objective, available climate and land management data will be used to 

develop the watershed model. Calibration and validation will be performed using long term 

observed runoff and crop yield data wherever available. The next task is the development and 

Fig. 2 A small watershed near Riesel, TX 

selected for the study (includes Riesel 

USDA ARS facility) 



simulation of alternate scenarios where the existing management (majority of which is 

conventional tillage) will be replaced by conservation/no tillage.  

 For the second objective, a precipitation index such as the Standardized Precipitation Index 

(SPI) will be used to classify the simulation period in a categorical manner ranging from an 

extreme drought to an extreme wet year. This methodology will enable quantification of water 

conservation benefits and help in determining the irrigation needs as well as an assessment of the 

variation in crop yields due to the adoption of soil management practices.  

 

17. Related research.  

 

Several studies have been reported on analyzing the impacts of soil management practices on 

runoff, sediment and nutrient losses at a field scale (Chichester & Richardson, 1992; Tiessen et 

al., 2010; Wang et al., 2008). Lack of studies that estimated the downstream impacts of changing 

in-farm soil management at the watershed scale is what drives this study. Attempts have been made 

by several researchers to evaluate the impacts of land use changes at the watershed scale (e.g., 

Chiang et al., 2010; Sun et al., 2017), but these studies did not specifically look into the effects of 

adoption of agricultural or soil management practices. All the above cited studies have reported 

substantial benefits of no-tillage and conservation tillage practices over conventional tillage and 

we expect similar outcomes at the watershed scale, and we will also evaluate the downstream 

impacts. 

 

 

18. Training potential.  

 

 The project will allow training for one graduate (doctoral) student. 
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19. Investigator’s qualifications.  

 

SAYANTAN SAMANTA 

• (979) 985-7898 • ssamanta@tamu.edu • College Station, TX 

EDUCATION 

➢ 2018- Present: Texas 

A&M University, 

College Station, Texas, 

USA 

➢ PhD in Water 

Management and      

Hydrological Sciences 

➢ GPA- 3.87/4.00 

 

➢ 2016-2018: Texas 

A&M University, 

College Station, Texas, 

USA 

➢ Master of Science in 

Water Management 

and      Hydrological 

Sciences 

➢ GPA - 3.66/4.00 

➢ 2012-2016: Vellore 

Institute of 

Technology 

University, Vellore, 

India 

➢ Bachelor of 

Technology in Civil 

Engineering  

➢ GPA - 8.47/10.00 

POSITIONS AND EMPLOYMENT 

o June 2019 to present: Graduate Research Assistant at Texas A&M AgriLife Research, 

Vernon, Texas, USA 

o Aug 2020 to Dec 2020: Co-instructor for BENG500 Modeling Small Watersheds, with 

Dr. Clyde Munster at Biological and Agricultural Engineering department of 

University of Arkansas, Fayetteville, Arkansas 

o Jan 2019 to May 2019, and Jan 2020 to May 2020: Co-instructor for BAEN 673 

Modeling Small Watersheds, with Dr. Clyde Munster at Biological and Agricultural 

Engineering department of Texas A&M University, College Station, Texas, USA 

o Jan 2017 to May 2019: Graduate Research Assistant at Texas A&M AgriLife Research, 

College Station, Texas, USA 

o Jan 2018 to May 2018: Graduate Teaching Assistant for BAEN 673 Modeling Small 

Watersheds, with Dr. Clyde Munster at Biological and Agricultural Engineering 

department of Texas A&M University, College Station, Texas, USA 

o June 2014 - July 2014: Civil Engineering Intern at Gannon Dunkerly and Co. Ltd, 

Kolkata, India 

 

RESEARCH EXPERIENCE 

ONGOING PROJECTS 

o Analyzing the impact of ecosystem management practices on soil hydrologic properties 

due of variation of soil structure and implementing the links to improve infiltration 

simulations in hydrologic models. 

PUBLICATIONS 

o Samanta, S. (2018). Seasonal variation of infiltration rates through pond bed in a managed 

aquifer recharge system. Master’s thesis.  

o Samanta, S., Sheng, Z., Munster, C. L., & Van Houtte, E. (2020). Seasonal variation of 

infiltration rates through pond bed in a managed aquifer recharge system in St‐André, 

Belgium. Hydrological Processes, 34(18), 3807-3823. 
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CONFERENCE PUBLICATIONS 

o Samanta, S., Mondal, I., Bhatia, N., Srivastav, R. K. (2016). “Prediction of river flows in 

ungauged basin using semi-distributed hydrologic model, S.W.A.T. - Soil and Water 

Assessment Tool”, 13th Annual Meeting -Asia Oceania Geosciences Society, Beijing, 

China   

o Samanta, S., Bhatia, N., & Srivastav, R. K. (2016, December). Quantifying the impact of 

land use changes and climate variability on regional hydrology of San Jacinto river basin, 

Texas. In 2016 AGU Fall Meeting. AGU. 

o Samanta, S., Munster, C. L., & Van Houtte, E. (2017, December). Seasonal Variation of 

Infiltration Rates in a Managed Aquifer Recharge System: A Belgian Example. In 2017 

AGU Fall Meeting. AGU. 

o Yadav, P. K., Thomasson, J. A., Enciso, J., Samanta, S., & Shrestha, A. (2019, May). 

Assessment of different image enhancement and classification techniques in detection of 

volunteer cotton using UAV remote sensing. In Autonomous Air and Ground Sensing 

Systems for Agricultural Optimization and Phenotyping IV (Vol. 11008, p. 110080M). 

International Society for Optics and Photonics. 

o Morgan, C. L., Bagnall, D. K., Samanta, S., Woodward, R. T., McIntosh, W. A., Ale, S., 

& Howe, J. A. (2019, November). Linking Soil Structure to Adoption of Soil Health 

Promoting Practices in Vertisols. In ASA, CSSA and SSSA International Annual Meetings 

(2019). ASA, CSSA, and SSSA. 

o Samanta, S., Ale, S., Morgan, C. L., Bagnall, D. K., Woodward, R. T., McIntosh, W. A., 

& Howe, J. A. (2019, November). Simulated Impacts of Soil Management Practices on 

Plant Available Soil Water. In ASA, CSSA and SSSA International Annual Meetings 

(2019). ASA-CSSA-SSSA. 

o Samanta, S., Ale, S., Morgan, C. L. S., Bagnall, D. K., Woodward, R. T., McIntosh, W. 

A., Howe, J. A., & Molling C. C. (2020, July). Modeling the effects of changes in soil 

management practices on plant available soil water. In ASABE Annual International 

Meeting (2020).  

o Samanta, S., Ale, S., Bagnall, D. K., Morgan, C. L. S., Molling C. C., Woodward, R. T., 

McIntosh, W. A., & Howe, J. A. (2020, November). The Role of Soil Structure in 

Modelling Soil Management: A Quantitative Impact Assessment. In ASA, CSSA and 

SSSA International Annual Meetings (2020). ASA-CSSA-SSSA. 
 

AWARDS 

 
 SKILL SETS  

o SWAT (Soil and Water 

Assessment Tool) 

o ENVI 

o APEX-EPIC 

o QGIS 

o ArcGIS 

o Visual MODFLOW 

o MATLAB 

o R 

o RZWQM2 (Root Zone Water 

Quality Model 

▪ January 2017: WMHS Academic 
Scholarship  

▪ April 2018: 2018 Bill and Rita Stout 
International Graduate Student 
Achievement Award 

▪ March 2019: First Prize Winner at the 
Water Daze 2019 held by the WMHS 
program at Texas A&M University 



o HYDRUS o PALMS (Precision Agriculture 

Landscape Model System) 

o SWAT+ 

 

Attachment C – Focus Categories 

 

ACID DEPOSITION       ACD 

AGRICULTURE       AG 

CLIMATOLOGICAL PROCESSES     CP 

CONSERVATION       COV 

DROUGHT        DROU 

ECOLOGY        ECL 

ECONOMICS       ECON 

EDUCATION       EDU 

FLOODS        FL 

GEOMORPOLOGICAL PROCESSES    GEOMOR 

GEOCHEMICAL PROCESSES     GEOCHE 

GROUNDWATER       GW 

HYDROGEOCHEMISTRY      HYDGEO 

HYDROLOGY       HYDROL 

INVASIVE SPECIES      INV 

IRRIGATION       IG 

LAW, INSTITUTIONS, AND POLICY    LIP 

MANAGEMENT AND PLANNING    M&P 

METHODS        MET 

MODELS        MOD 

NITRATE CONTAMINATION     NC 

NON POINT POLLUTION      NPP 

NUTRIENTS        NU 

RADIOACTIVE SUBSTANCES     RAD 

RECREATION       REC 

SEDIMENTS        SED 

SOLUTE TRANSPORT      ST 

SURFACE WATER       SW 

TOXIC SUBSTANCES      TS 

TREATMENT       TRT 

WASTEWATER       WW 

WATER QUALITY       WQL 

WATER QUANTITY      WQN 

WATER SUPPLY       WS 

WATER USE        WU 

WETLANDS        WL 


