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Adapting to Climate Change through increased Water and Nutrient use Efficiency for increased Crop Productivity and Environmental Health.
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SUMMARY
Agriculture is the backbone of Uganda’s economy. However, agriculture in Uganda is characterized by low productivity due to low external inputs, nutrient mining, soil erosion, and other losses. Another characteristic is that production almost entirely depends on rainfall. However of recent, due to climate change and variability erratic weather patterns abound leading to unseasonable soil moisture stress resulting in reduced yields or total crop failure. Both climate change and variability pose adverse impacts on livelihoods, especially of the rural poor. The erratic onset and cessation of rains as a result of climate variability makes it difficult for farmers to plan when to plant crops. There have been instances of frequent crop failures of late. Hence, to reduce vulnerability to the deleterious effects of climate change and climate variability, adaptation plans including drought mitigation technologies and early warning systems need to be put in place. The project aims at mitigating agricultural drought, which is partially due to climate variability, and increasing crop productivity through increased nutrient- and water-use efficiency. The objectives of this project are:
· Generate state-of-the-art scientific knowledge characterizing agro-meteorological climate risks and uncertainties regarding crop production in the country to guide decision making with respect to crop diversification and substitution  
· Identify the current status, socio-economic factors, constraints and opportunities for promoting adapted land use and management technologies vis-à-vis traditional knowledge and practices for agricultural drought mitigation in one selected agro-ecological zones (AEZ)
· Raise awareness by sharing data and information from survey findings among stakeholders on issues of climate change and variability, agricultural drought, adapted technologies and best practices to mitigate agricultural drought, etc.
· On a pilot basis demonstrate in a participatory manner implementation of adapted technologies and best practices and integration of traditional knowledge for mitigating agricultural drought in one selected AEZ

The principal outcome of the project will be sustainable livelihoods and food security through increased nutrient- and water-use efficiency for increased crop productivity.

1. BACKGROUND AND RATIONALE
Agriculture employs 80% of the population, and generates over 70% of export earnings (NEMA, 2005). Therefore, the success of Uganda’s economy and the livelihood of her people are directly tied to the performance of the agricultural sector. In 1997, the country adopted the Poverty Eradication Action Plan [PEAP] as its major development strategy, which focuses on increased productivity in the agricultural sector as one of its major activities. It is envisaged that increased productivity will lead to improved incomes of the poor who are predominantly farmers and thus eradicate poverty. 

To ensure agriculture makes significant contribution to the national economic development, an annual growth rate of at least 7% is needed. However, Uganda’s agriculture is characterized by low productivity due to low external inputs, nutrient mining, soil erosion, and other losses (FAOSTAT, 2002; Wortman and Kaizzi, 1998). In that regard, nutrient balances in most soils and cropping systems are negative (Wortman and Kaizzi, 1998). 

Another characteristic is that most of the agriculture in Uganda depends on rainfall, an important parameter of climate. However, of recent, agricultural productivity is being adversely constrained by climate change and climate variability manifest through irregular rainfall patterns and erratic onset and cessation of rains, which have increased the intensity of drought and brought about changes in growing seasons. This scenario has significant implications for soil productivity, food security, food supply and in turn human welfare and poverty, as well as deleterious and, in many cases, irreversible impacts on biodiversity. Due to climate change and variability, erratic weather patterns abound leading to unseasonable soil moisture stress resulting in reduced yields or total crop failure. Regarding climate variability, the rainfall has become increasingly unreliable in terms of amounts and in temporal and spatial distribution. Furthermore, it is of high intensity hence highly erosive and consequently, a lot of it is lost as runoff together with soil and plant nutrients. Considering a liberal definition of water/ rainfall use efficiency – the mass of agricultural produce per unit volume of precipitation – the different scenarios described above have led to reduced water use efficiency and thus reduced productivity.  

Both climate change and variability pose adverse impacts on livelihoods, especially of the rural poor. The erratic onset and cessation of rains as result of climate variability makes it difficult for farmers to plan when to plant crops. There have been instances of frequent crop failures of late. Hence, to reduce vulnerability to the deleterious effects of climate change and climate variability, adaptation plans including drought mitigation technologies and early warning systems need to be put in place. It is postulated that reduction of runoff by encouraging water harvesting, conservation of soil moisture by practicing conservation agriculture e.g. keeping the soil covered almost throughout the year and synchronizing crop-water requirements with moisture availability by applying weather and climate information will result in increased water- and nutrient-use efficiency and hence increased crop production. 

Appropriate technologies (Table 1 and 2) that can mitigate effects of climate change and variability and improve soil productivity through integrated crop management practices plus post-harvest handling technologies are now available in Uganda and other areas in the region. These technologies are specifically designed to be cost-effective and are also appropriate for the local communities. The technologies, such as integrated nutrient management, aim at increasing the nutrient status of the soils and nutrient use efficiency of the crops, while conservation agriculture, contour bunds, etc. aim at increasing soil moisture and water use efficiency by reducing runoff and enhancing soil moisture conservation. Other technologies have been developed to reduce drudgery in post-harvest processing and minimize post-harvest losses. In addition, indigenous technologies exist among our people but these need improvement and enhancement. What is now required is a strategic, step-by-step mechanism for the transfer of these technologies in a manner that enhances their acceptance, adoption, and sustainability.

 Table 1. Technologies developed in Uganda and in the region to enhance soil fertility and soil and water conservation 
	
	Available Technology

	1
	Fertilizer recommendations [e.g. DAP at planting and urea as top dress for maize]

	2
	Use of available organic residues to supply nutrients to crops

	3
	Integration of organic and inorganic nutrient sources to reduce costs and improve fertilizer use efficiency

	4
	Incorporation of biological nitrogen fixation into farming systems through use of grain legumes and cover crops

	5
	Recommendations to use improved/ shorter rest periods (fallows) that fit into the cropping system while improving or maintaining soil productivity

	6
	Conversation agriculture – including minimum soil disturbance, keeping the soil covered throughout the year and judicious crop rotations

	7
	Recommendations for construction of contour bunds, terraces, grass strips , and other structures to manage soil and water to prevent erosion in different agro-ecological zones

	8
	Short duration crops e.g. maize 6H & 2H



Table 2. Technologies that have been developed to reduce drudgery in post-harvest processing and safeguard against losses and profitable marketing schemes.
	Post-harvest technologies

	1
	Improved drying facilities (yards, cribs, tarpaulins, racks, etc.) 

	2
	Hand, pedal, and motorized maize shellers

	3
	Improved storage facilities (pallets, stores, etc.)

	4
	Fumigation and dusting

	Profitable marketing schemes

	1
	Produce bulking systems

	2
	Ware house receipt systems 



2. EXPECTED OUTCOME(S) AND EVALUATION
The principal outcome of the project will be sustainable livelihoods and food security through increased nutrient- and water-use efficiency for increased crop productivity. The implementation of adapted technologies and best practices for mitigating agricultural drought and the resulting improved land use and management practices will contribute to short and long term, local and national development goals in terms of sustainable land resources use thereby enhancing sustainable livelihoods and food security through productive and diverse agricultural systems.

The project seeks to achieve two integrated outputs, which together form the nucleus of interventions to achieve the outcome of the project. The emphasis is an integrated effort to achieve increased crop productivity through increased nutrient- and water-use efficiency. The outputs are as follows:

Output 1. State-of-the-art scientific knowledge characterizing agro-meteorological climate risks and uncertainties regarding crop production in the country generated 
Indicator: Report regarding the trends analysis of climatic variables [rainfall, temperature, etc.  by end of month 1 of the project 

Output 2. The current status, socio-economic factors, constraints and opportunities for promoting adapted land use and management technologies vis-à-vis traditional knowledge and practices for agricultural drought mitigation in the selected AEZ identified. 
Indicator: Survey report by end of month 1 of the project

Output 3. Awareness created by sharing data and information from survey findings among stakeholders on issues of climate change and variability, adapted technologies and best practices to mitigate agricultural drought. 
Indicators:
· Communication strategy for climate change awareness and dissemination of adapted technologies and best practices for drought mitigation developed and documented
· Information materials produced (e.g. brochures, best practice posters, news paper articles etc.) according to the communication strategy.
· 1 feedback and review workshop for the participating AEZ conducted by month 5 of the project
· 1 national workshop conducted by month 6 of the project 

Output 4. Pilot established to demonstrate implementation of adapted technologies [integrated nutrient management [INM], conservation agriculture [CA], contour bunds, etc.] and best practices and integration of traditional knowledge for mitigating agricultural drought in the selected AEZ.
Indicator:
· 1 pilot established in the participating AEZ by month 2 up to month 6 of the project
· Technical review of results and their implications in terms of agricultural, environmental and political considerations. Documented in a final report ready by month 6 of the project that also includes lessons learnt from the project’s activities plus considerations regarding a wider expansion of the project’s activities.

Linkages to national priorities, action plans, and programs
The outcome of the project is in line with the main thrust of the government’s Plan for Modernization of Agriculture (PMA) and the National Food Security Strategy. The project will also address constraints in addressing land degradation issues by contributing to the National Environment Action Plan (NEAP) process. 

The focus of modernizing agriculture in Uganda is increased and sustainable food production by improving agriculture techniques and practices and optimal use of land and water resources. The PMA emphasizes increase farmer access to appropriate agricultural technologies and information through a wider array of research and extension service providers. 
 
The project is also in line with the newly launched National Land-use Policy, which aims to fill a gap in integrated, harmonized land-use planning/ management across sectors and among land users/ stakeholders; and the draft National Soils Policy, which aims to maintain productivity of land/ agro-ecosystems. 
 
The project will also contribute to national commitments to the framework United Nations Convention on Climate Change (UNFCC) process through effects of better land use and management practices on protecting the hydrological regime. Through supporting more sustainable agricultural livelihood systems and thereby food security, it will also contribute to the World Food Plan of Action.  Other contributions will include improvement of macroeconomic stability – poor climate conditions reduce agricultural sector production triggering higher food prices, lower domestic revenues, and widening of the current account deficits due to lower export earnings leading to increase in inflation related to an expansion of the fiscal deficits, increase in external indebtedness, and a depreciation of the exchange rate. 

This project will support other on-going efforts/ initiative geared towards agricultural adaptation to climate change e.g. the ASARECA Proof of Concept Study in Uganda – Managing Uncertainty: Innovation Systems for Coping with Climate Variability and Change, led by ICRISAT [International Crops Research Institute for Semi-Arid Tropics] one of the organization under the Consultative Group on International Agricultural Research [CGIAR].

This project is well aligned with NARO’s Research Strategy for 2000-2010. The strategy notes the environmental challenges that face Uganda, in particular, soil degradation, mining of nutrient resources and deforestation which are some of the underlying causes of climate change and variability. Over the last few years, NARO and its stakeholders have identified priorities to address soil fertility and productivity decline in agriculture. However, additional technical and financial support is needed for conducting pilot activities, in collaboration with research, to test, adapt or develop improved technologies with farmers in different agro-ecological zones and to establish a wider training capacity. 

In cognizance of these challenges, the FAO through a ‘Technical Cooperation Project [TCP]’ is currently assisting NARO to pilot conservation agriculture principles in the districts of Mbale and Pallisa focusing on micro-catchmemts and using the farmer field school [FFS] approach. The Soils and Soil Fertility Management Program [SSFMP] based at Kawanda Agricultural Research Institute, NARO is coordinating the TCP activities. The Tropical Soil Biology and Fertility through their network, AfNet is also assisting NARO to identify integrated soil fertility and management measures to enhance capacity of local communities to adapt to climate change. This activity is also being coordinated by the SSFMP.  

During NARO’s Annual Review and Planning Workshop the issue of climate change came out very strongly and recommendations on how best NARO can position itself were made. In that regard, the project is considered timely, especially in testing some mitigation measures that improve soil nutrient composition, soil water retention due to reduced evapo-transpiration and crop varieties of short maturity and resistance to drought. In particular, the proposed project sites suffered from serious flooding during the second rains of 2007 and as such it is important to determine the extent of damage, especially in soil nutrient depletion/ restoration, etc.
 
For implementing the proposed project, the SSFMP will draw from participatory experiences/ pilot studies [by SSFMP and other partners] to select appropriate technologies for adapting to the project area. The existing soils laboratory and Soils Database/ GIS Facility at Kawanda will also be used to support the activities.
  
3. DESIGN AND IMPLEMENTATION PROCEDURE
The project will be implemented by the Soils and Soil Fertility Management Progarm (SSFMP) at the National Agricultural Research Laboratories (NARL). The NARL is one of the research institutes of the National Agricultural Research Organization (NARO). The SSFMP, which is responsible for research and development on land resources management, has scientists in all areas of soil science and 1 agro-meteorologist; it also works with scientist within the National Agricultural Research Organization (NARO) and other institutions like Makerere University to address natural resource management and environment issues.    

The extent of crop vulnerability to climate change and variability is variable across the agro-ecological zones. Currently, Uganda has a total of 14 agro-ecological zones; from these 1 zone which have experienced severe impacts from climate change and variability will be selected.  In response to the requirements of PMA, NARO has instituted a structure that decentralizes its services to 6 Zonal Agricultural Research and Development Institutes (ZARDIs) across the country. One of the ZARDIs will act as launching centers for pilot demonstrations of implementation of adapted technologies and best practices for mitigating agricultural drought to the selected agro-ecological zone. 

The project will establish linkages with other relevant national interventions to build on land management and environmental experiences, including those of selected NGOs such as Environmental Alert, Appropriate Technology – Uganda, Sesakawa Global 2000, Africa 2000 Network. 

The main activity areas will include:
· Situation analysis
· Awareness raising
· Establish a pilot to demonstrate implementation of adapted technologies and best practices and integration of traditional knowledge [to act as springboard for technology dissemination]
· Review of technical options and their implications and development of follow program 

Output 1: State-of-the-art scientific knowledge characterizing agro-meteorological climate risks and uncertainties regarding crop production in the country generated 
· Assemble climatic data over the last 30 years from the Meteorological Department and relevant websites
· Conduct a trends analysis of climate variables [rainfall, temperature, etc.]
· Use satellite images to evaluate changes in vegetation, land use, moisture regimes, temperature, etc. 

Output 2: The current status, socio-economic factors, constraints and opportunities for promoting adapted land use and management technologies vis-à-vis traditional knowledge and practices for agricultural drought mitigation in selected agro-ecological zones identified. 
· Conduct participatory surveys using Participatory Rural Appraisals (PRAs) and analyze data using SPSS software (SPSS Inc., 1999) – see Annex A for details.
· Assemble and document information from the survey

Output 3: Awareness raised by sharing data and information from findings among stakeholders on issues climate change and variability, agricultural drought, adapted technologies and best practices to mitigate agricultural drought.
· Conduct  feedback and awareness raising workshops at local and national level
· Develop a communication strategy and materials (e.g. brochures, pamphlets, best practice posters, news paper articles, etc.) for climate change awareness and dissemination of adapted technologies and best practices for drought mitigation.

Output 4: Pilot established to implement adapted technologies and best practices and integration of traditional knowledge for mitigating agricultural drought in the selected AEZ
· Participatory selection of site and interested farmers/ farmer groups for piloting implementation demonstration of adapted technologies and best practices for mitigating agricultural drought. 
· Establish implementation demonstration [INM, CA, contour bunds, etc.]
· Develop plans for wider expansion and promotion of adapted technologies and best practices for agricultural drought mitigation including outlining program for scaling up

Technical assistance: 
The project will need technical assistance from a local consultant [Dr. Jane Bemigisha – Email: bemigisha@itc.nl Tel. +256-772-467709] who has been consulted and is willing to participate in the project. She will offer technical assistance in the following areas:
· remote sensing image analysis 
· acquisition of satellite images for the purpose of evaluating changes in vegetation cover, land use, moisture regimes, temperature, etc. in the selected AEZ 
· establishing a relationship between the changes and climate change 
· capacity building for generating information from the satellite images e.g.  developing normalized difference vegetation index [NDVI]
· capacity building at the national workshop by sharing experiences and lessons learned from elsewhere regarding climate change and adaptation.   
 

  Implementation schedule
	
Activity
	Month

	
	1
	2
	3
	4
	5
	6

	Situation analysis
	
	
	
	
	
	

	Establish a pilot to demonstrate implementation of adapted technologies
	
	
	
	
	
	

	Raise awareness, review technical options and develop follow program 
	
	
	
	
	
	






5. ANNEX A

Participatory Rural Appraisals

PRA surveys will be conducted to establish farmers’ practices, especially in relation to soil and water management for increased productivity, challenges of crop production and/ or productivity enhancement. Other parameters to consider will be farmers’ coping methods to changing/ unreliable onset of rains and planting dates; and rainfall intensity, quantity and seasonal distribution. During the survey, the effects of recent flooding events on soil fertility and other crop production aspects will be identified. 

Collection of information
The respondents will include the elderly (for indigenous technical knowledge) and active farmers. A structured questionnaire will used to obtain qualitative data.

Sampling procedure
Two districts [Soroti and Kumi], in the Southern and Eastern Lake Kyoga AEZ, which have experienced flooding and drought events in the recent past will be selected to represent areas facing serious climate change and climate variability impacts. Within each district, one sub catchment will be selected. At village level, lists of all active farmers including the elderly, women and youths will be obtained from local councils and through randomization techniques, 5 respondents from each category per village will be selected. Overall, the survey will target 120 respondents for formal interviews.    
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