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I. 
Executive Summary of overall progress for the past six months
Significant progress has been made for the drip irrigation technology and SWAT modeling components of this project over the past six months. The laboratory drip experiments to determine the effect of hydraulic head and slope on water distribution uniformity of a low-cost drip irrigation technology and consequently generate optimum operating conditions have already been completed. A paper based on the results of the laboratory drip experiments has been accepted for publication in the ISI-indexed Applied Engineering for Agriculture Journal by the American Society of Agricultural and Biological Engineers. Recommendations to improve the performance of the drip kit have also been communicated to the International Development Enterprises. On the other hand, analysis of the results of the field drip experiments has already been started. Results indicate that the crop yield under drip irrigated condition is generally higher than under rainfed conditions. Some of the results of the laboratory and field experiments on drip irrigation were presented at the SANREM Upscaling Conference in Bukidnon in late January 2009.
On SWAT modeling, a more refined ArcSWAT-based watershed simulation model has been made for selected subwatersheds of Manupali river. The SWAT model proved to be adequate in simulating and predicting runoff volume and sediment yield. The effect of land use change on runoff volume, sediment yield and baseflow was also analyzed using the SWAT model. Results showed that significant increase in runoff volume and sediment yield and reduction in baseflow occurs as agricultural land use is increased.  Results of the SWAT modeling work were presented at the 1st International SWAT Conference in Southeast Asia in Chiang Mai, Thailand in early January 2009. The paper was also published as a chapter of the internationally published book entitled “ Soil and Water Assessment Tool (SWAT) Global Applications”, which was also launched during the said conference. The book was published by the World Association of Soil and Water Conservation (WASWC) with this project leader as one of the editors. 
Significant networking activities were also made as a result of the SWAT and SANREM conferences. This project leader served as one of the keynote speakers in the 1st International SWAT Conference in Southeast Asia in Chiang Mai, Thailand on January 7-8, 2009 and presented a paper entitled  “Potential applications of the SWAT model for sustainable soil and water resources management in Southeast Asia”. This project leader also served as moderator in the session “SWAT BMP and Other Scenario Impacts on Hydrology and Water Quality II”, one of the twelve sessions of the two-day conference. In the case of drip irrigation, significant networking was made with stakeholders interested in this low-cost and water-saving technology during the SANREM Upscaling Conference in Bukidnon on January 23, 2009.
II. 
Research progress by objective.  For each TOP Framework objective provide:

A.  Objective: Technology: Develop economically viable and ecologically-sound 


integrated vegetable-agroforestry (VAF) systems to increase farm productivity 


and income, and reduce vulnerability and risks focusing on drip irrigation 


technology
Research Accomplishments and Findings:

a. Effect of hydraulic head and slope of water distribution uniformity of a low-cost 

drip irrigation (Laboratory Experiments)
The laboratory experiments on drip irrigation to determine the effect of hydraulic head and slope on water distribution uniformity of the IDE “easy” drip kit and consequently generate optimum operating conditions have already been completed. A paper based on the results of the laboratory drip experiments has been accepted for publication in the ISI-indexed Applied Engineering for Agriculture Journal by the American Society of Agricultural and Biological Engineers. The paper was submitted to ASABE in September 2008, underwent peer review, was revised in January 2009 and finally accepted for publication in March 2009. It is scheduled to be released in the next issue of Applied Engineering in Agriculture Journal volume 25 no.3. The citation of the said publication is given below:
Ella, V.B., M.R. Reyes and R. Yoder. 2008. Effect of Hydraulic Head and Slope on Water Distribution Uniformity of a Low-Cost Drip Irrigation System. Applied Engineering in Agriculture. 25(3): (in press) ISSN 0883-8542
Part of the results of the drip experiments were also presented at the SANREM Upscaling Seminar at Bukidnon State University in Malaybalay, Bukidnon on January 23, 2009.
The recommended operating system head at various slopes generated from the laboratory studies were consequently used in the field experiments on drip irrigation. Other recommendations to improve the performance of the drip kit in terms of water distribution uniformity were also communicated to the International Development Enterprises.
b. Effect of Drip Irrigation on Crop Yield (Field Experiments)
Crop production data and other relevant information obtained from the field experiments on drip irrigation in Barangay Songco, Lantapan, Bukidnon for the four crops dealt with, namely; cabbage, Chinese cabbage, tomato and bell pepper, have already been compiled and organized. Analysis of the enormous field data collected has also been started. 
Based on the results of initial analysis, the following findings were obtained:

· Crop yield under drip irrigated farms was consistently higher than in unirrigated farms while keeping all other production inputs such as fertilizer application, pesticide application, etc. constant for both treatments. A summary of the average crop yield under drip-irrigated and rainfed conditions are summarized in Table 1. 
Table 1. Crop yield under drip-irrigated and rainfed conditions 

	Crop
	Average Crop Yield (kg/m2)

	
	With Drip
	Without Drip

	Cabbage
	4.12
	3.02

	Chinese cabbage
	4.06
	2.77

	Tomato
	3.86
	3.14

	Bell pepper
	1.14
	0.76


· Comparison of means using t-tests at 5% level of significance indicate that the crop yield is significantly different under drip irrigated and rainfed areas for Chinese cabbage but not significantly different for cabbage, tomato and bell pepper. However, the frequent rainfall occurrences during the growing period of the other crops may have caused the narrowing of the difference in crop yield between drip irrigated and rainfed areas.
Ongoing Activities:

The other production parameters are currently being analyzed for the  “with” and “without” drip conditions. Water use efficiency under each condition is also being evaluated. Results of the field experiments on drip irrigation will be presented at the Annual SANREM Conference in the Philippines in May 2009. A paper that covers the results of the field drip experiments is being prepared for presentation at the 2009 Annual International ASABE Conference as a result of its acceptance as oral presentation in the said conference.
B. Objective: Environmental Impacts: Assess the short and long-term environmental      

impacts of integrated vegetable-agroforestry systems, focusing on SWAT modeling
Research Accomplishments and Findings:

a. SWAT modeling

Refinement of the SWAT model for simulating runoff and sediment yield in the Kiluya and Kalaignon subwatersheds of the Manupali river has been carried out. Prediction of the effects of land use change on runoff and sediment yield has also been performed. On the basis of the results, the following findings have been obtained:

1. The SWAT model adequately predicted the runoff volume of the test watersheds with Nash-Sutcliffe Efficiency (NSE) ranging from 0.77 to 0.83.
2. Both the peaks and temporal variation of runoff volumes at the four sub-watersheds of the test watershed were adequately captured by the model.
3. With the exception of Upper Kiluya, the SWAT model adequately predicted the sediment yields at the test watersheds with NSE ranging from 0.55 to 0.80.  
4. The SWAT model also proved to be applicable for predicting the effect of land use change on runoff volume, sediment yield and even baseflow.

5. Based on SWAT model simulations, a 50% conversion of pasture and grassland into agricultural land in the test watersheds results to an increase in runoff volume by up to 14%, an increase in sediment yield by up to 273% and a decrease in baseflow by up to 63%.
6. SWAT model simulation also showed that an increase of 15% to 32% in runoff volume is likely to occur when the entire subwatershed area is converted to agricultural land. This implies a loss of 39% to 45% of the annual rainfall due to surface runoff. 

Some of the results of the SWAT model simulation study are given in Table 2 and Figures 1 and 2.

Table 2. Comparison between simulated and observed sediment yield in the four test sub-watersheds
	WATERSHED
	Weekly mean sediment yield (tons)
	RMSE
	R2
	NSE

	
	Observed
	Simulated
	
	
	

	Lower Kiluya
	1.95
	0.69
	1.84
	0.82
	0.80

	Upper Kiluya
	0.84
	0.84
	4.17
	0.70
	-5.16

	Lower Kalaignon
	3.96
	2.94
	5.83
	0.80
	0.55

	Upper Kalaignon
	1.03
	1.12
	 1.45
	0.58
	0.58
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Figure 1. Observed and simulated sediment yield at the four sub-watersheds superimposed with   

                     rainfall during calibration period
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Figure 2. Effect of land use on runoff volume, sediment yield and streamflow at the test    

                 watersheds
Results of the SWAT modeling work done in this project were also presented in the 1st International SWAT Conference in Southeast Asia held in Chiang Mai, Thailand on January 7 to 8, 2009. The paper was also included as a peer-reviewed chapter in an internationally-published book entitled book “Soil and Water Assessment Tool (SWAT) Global Applications”, which was also launched during the said conference. The book was published by the World Association of Soil and Water Conservation (WASWC) with this project leader as one of the editors. The complete citation of the book and the book chapter is shown below:
Book Chapter:

Alibuyog, N.R.,  V. B. Ella, M. R. Reyes,R. Srinivasan, C. Heatwole and T. Dillaha. 2009. Predicting the Effects of Land Use on Runoff and Sediment Yield in Selected Sub-watersheds of the Manupali River Using the ArcSWAT Model. In Arnold, J., R. Srinivasan, S. Neitsch, C. George, K. Abbaspour, F.H. Hao, A. van Griensven, A. Gosain, P. Debels, N.W. Kim, H. Somura, V.B. Ella, L. Leon, A. Jintrawet, M. Reyes and S. Sombatpanit (eds.) Soil and Water Assessment Tool (SWAT) Global Applications. World Association of Soil and Water Conservation (WASWC). Special Publication No. 4. ISBN: 978-974-613-722-5 pp. 253-256

Book:

Arnold, J., R. Srinivasan, S. Neitsch, C. George, K. Abbaspour, F.H. Hao, A. van Griensven, A. Gosain, P. Debels, N.W. Kim, H. Somura, V.B. Ella, L. Leon, A. Jintrawet, M. Reyes and S. Sombatpanit (eds.) 2009. Soil and Water Assessment Tool (SWAT) Global Applications. World Association of Soil and Water Conservation (WASWC). Special Publication No. 4. ISBN: 978-974-613-722-5
A refined version of the SWAT modeling paper has also been submitted for possible publication in the International Agricultural Engineering Journal, an international refereed journal publication.

b. Climatological and hydrologic monitoring
Three water level logging instruments were installed at Alanib, Kalaignon, and Kiluya rivers,  as an aid in streamflow monitoring at short time intervals. Additional  staff gages were also installed at the upper Kalaignon and Kiluya rivers. For rainfall monitoring at the upstream portion of the test watersheds, an automatic tipping bucket raingage was installed at the upper Kiluya sub-watershed. Other climatological data are monitored using an automatic weather station installed at Binahon farm by Dr. Conrad Heatwole of Virginia Tech, a SANREM partner scientist. 

In addition to the aforementioned instrumentations, two field assistants were hired to manually measure streamflow and sediment yield at the test watersheds. The measured streamflow data were used to develop rating curves for the rivers. However, the geneated rating curves obtained to date were not used to convert the downloaded water level from the data loggers into equivalent discharge since calibration data for the rating curve proved to be insufficient. Additional streamflow data, particularly within the middle flow range should be gathered in order to develop a better rating for the rivers.

For climatological monitoring, the weather data downloaded from the instruments have already been summarized on a daily and monthly basis and will be used in the future SWAT model simulation work. Sample climatological and hydrologic data obtained using the automatic weather station and automatic water level recorders are shown in Figures 3, 4 and 5.

Ongoing Activities:

A farm level model using APEX is currently being developed to analyze the impact of agroforestry and vegetable production systems on runoff volume and sediment yield in the study area. The SWAT model simulation results will be presented in the Annual SANREM Conference in the Philippines in May 2009. A paper that covers some of the SWAT simulation results is also being prepared for presentation at the 2009 Annual International ASABE Conference as a result of its acceptance as oral presentation in the said conference.
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Figure 3. Sample atmospheric pressure data obtained from the automatic weather 
    station of SANREM at Binahon farm.
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Figure 4. Sample water level data obtained from automatic water level recorder at 
      Kalaignon watershed outlet.
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Figure 5. Sample water level data obtained from automatic water level recorder at 
   Kiluya watershed outlet.

III. 
Significant training, capacity building, and networking activities

Significant networking activities were made during the following conferences and seminars:

·      1st International SWAT Conference in Southeast Asia, Chiang Mai, Thailand,   

     January 7-8, 2009. 

During this conference, this project leader served as one of the keynote speakers and presented a paper entitled “Potential applications of the SWAT model for sustainable soil and water resources management in Southeast Asia”. This project leader also served as moderator in the session “SWAT BMP and Other Scenario Impacts on Hydrology and Water Quality II, one of the twelve sessions of the two-day conference.
· 1st International MW-SWAT Workshop, Chiang Mai, Thailand, January 5 to 6, 2009

During this two-day workshop on MW-SWAT, significant networking was also made with SWAT model experts and other SWAT modelers from various countries not only in Southeast Asia but also in Europe and Africa. 

· SANREM Upscaling Conference, Bukidnon State University, Malaybalay, Bukidnon, January 23, 2009

During this one-day conference, significant networking was made with stakeholders interested in drip irrigation technology. Stimulating interaction with fellow professionals from the academe and leaders of farmer groups also took place during the conference.
Other networking activities include email communications with partner scientists from NCAT, Virginia Tech, IDE, among others. Networking with local SANREM partners was sustained through either email or cellphone communications.
The knowledge products generated from this project component during the last six months are given in the attached Form 18.
IV.
Vignettes describing the people-level meaning of research accomplishments.

The research on drip irrigation technology generated useful information such as recommendable operating pressure head in upland watersheds to maximize water distribution uniformity and hence, crop yield. The drip irrigation technology also helped a selected number of poor upland farmers and collaborators in augmenting their income. The results of the field experiments would also encourage local government units to help farmers in their localities in the procurement of this water-saving, crop-yield improving and income-augmenting technology. On the other hand, the results of the SWAT watershed modeling research generated information that would help watershed planners, policy-makers, local government units in the sustainable management of upland watersheds in Bukidnon. Proper management and governance of upland watersheds, making use of the results of this study together with other considerations, would ultimately help upland settlers in the preservation and sustainability of the watersheds, from which they derive a big portion of their livelihood. 
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