
  

Annual Report 
2013-14  

 

      



Annual Report – 2013-14 Page 1 

 

About Centers for International Projects Trust 

The Centers for International Projects Trust (CIPT) is the India Office of the Columbia Water Center. 

Established in 2008 is a not-for-profit trust the purpose of CIPT’s work is to understand and perform 

applied research in the fields of water, energy, agriculture, climate, environment, health, education 

and economic upliftment.  

In collaboration with government agencies, civil society and private sector partners, CIPT is developing 

and pilot testing new models for effective water and energy management across different regions  of 

India. We work towards providing rigorous, research-based knowledge as the foundation for various 

field based initiatives 

Thematic Areas 

 

Areas of intervention 

 

Country Office  

• New Delhi 

•  
State offices:  

• Ludhiana, Punjab 

• Kheda, Gujarat 

• Ranchi, Jharkhand 
 

Research

• Water – energy - food 
nexus

• Climate change 
adaptation

• Business viable and 
inclusive supply chains

• User behaviour 
research

• Industrial water risks

Implementation

• Low cost technologies 
and practices

• Decision support 
systems

• Cooperatives, producer 
organization for scale up

• Training and capacity 
building of farmers 

• Crop diversification and 
studying value chain

Advocacy

• India Water Action 
Network

• Working with partners 
and networks

• Member of 
government 
committees 

• Media engagement 
and outreach
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Snapshot of activities 

1. Research and Development  
 

Multi-purpose R&D pilot project 

Columbia Water Center (CWC) and CIPT launched an innovative multi-purpose R&D pilot project for 

assessing the feasibility of cost-effective and sustainable technologies for drinking water storage and 

distribution in rural areas of Jharkhand, supported by the Drinking Water & Sanitation Department 

(DW&SD), Government of Jharkhand in 2012.  

This pilot project is focusing on four key sub-themes namely a) Feasibility of cost-effective sustainable 

technology for rainwater harvesting; b) Feasibility of cost-effective and sustainable means of 

harnessing water stored in coal and stone pits; c) Feasibility of cost-effective technologies for 

providing rural population with safe, affordable and sustainable water drinking water; and d) 

Feasibility to provide cost-effective and sustainable solar-based drinking water supply.  

The overall purpose of these four themes is to research and recommend sustainable, reliable and low-

cost solutions for rural drinking water supply systems which could be scaled-up to provide maximum 

coverage possible in rural areas of Jharkhand, while ensuring that quality of the drinking water is not 

adversely affected. 

This section provides the brief summary of research and findings of the project on multi-purpose R&D 

pilot project for assessing the feasibility of cost-effective and sustainable technologies for drinking 

water storage and distribution in rural areas of Jharkhand, supported by the Drinking Water & 

Sanitation Department (DWSD) of the Govt. of Jharkhand. 

The pilot project is focusing on four key sub-themes namely 

• Potential for large scale rainwater harvesting and use for drinking water and irrigation; 

• The potential for using abandoned mines for rain water storage, and subsequent 

distribution 

• The reduction of the cost per connection for water supply in diverse situations 

• The application of solar technology to developing multi-purpose kiosks or service points that 

support water pumping, treatment as well as health and other uses 
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In each case, the goal is not to undertake an implementation assignment but to use representative 

sites and data to develop models on how these areas could be addressed, and then work with the 

government agencies to test the implementation of the concept.  

Theme-1: Large scale rainwater harvesting (RWH) 

Jharkhand has an undulating topography with hard rock surface and a number of fissures in aquifers. 

The groundwater reserves in the state are depleting and iron, fluoride and arsenic is found the water 

across regions. Research has found that one of the potential reasons for the increase in the mineral 

content of the groundwater is over extraction of groundwater. Based on the data collected and 

observations during the field trips it is clear that over time the water table has been falling and the 

chemical contamination has been increasing. In order to ensure sustainability of the groundwater 

resources it is imperative that the government take strategic long term steps to do large scale 

rainwater harvesting. It was observed the various departments like DW&SD, Irrigation and Water 

Resources have designed the current solutions of digging bore wells and building check dams with 

rainwater harvesting potential. However there is a need to make these efforts sustainable by 

scientifically designing the recharge and storage structures for sustainability.  

CIPT has made policy level recommendations to the DWSD based on the experience of working in 

different countries of the world and input from local NGOs and other institutions. This could include 

setting up a local management structure or a public private partnership setup. This step also includes 

training the necessary personnel on data collection, site preparation, developing self-help groups, 

getting local buy-in and other implementations tasks in order to execute and sustain the designed 

solution. 

Theme-2 : Usage of water stored in abandoned mines  

Jharkhand is rich in mineral resources and has a number of mines. However coal mines and stone 

quarries were considered suitable for the exercise.  The key issues identified based on visits to the 

mines in Ranchi are: 

• Can we design some small infrastructure at low cost to include the catchment area and flow 

into the abandoned mines beyond the natural water flow into the mines? 

• Can we design a buffer zone in this catchment where we improve the water quality through 

bio-filtration using appropriate vegetation and pH balancing soils while engaging the 

indigenous population in the project? 

• Given the potential improvements in influent water and mine’s water quality, can we support 

a fishery in the mine? 
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• Design of a siphon infrastructure to deliver the water – prime with a pump and then use 

gravity flow 

• Point of use treatment for disinfection; and 

• Develop a private-public infrastructure formally around such a design. There are communities 

who could benefit from such ventures and may even be able to  promote the use of such water 

for irrigation 

Progress :  Listing of abandoned coal mines was obtained. It was determined that further details for 

the mines should be requested from the respective District Mining Officers. The additional data 

required for analysis has been identified and will be provided to the DMO’s and other necessary 

institutions. This theme will be developed in collaboration with ISM, Dhanbad, wherein the expert 

faculty from the institute will advise the researchers on the local conditions and students will be 

offered internships to work on the research and analysis with the Columbia University researchers. 

This will ensure that the knowledge and the solutions developed account for the need for localization 

and the will stay locally. CIPT is exploring with Xylem – a technology provider company, to be the 

private partner for implementation of low cost treatment options and supply. 

 

Theme-3: Cost effective piped water supply  

The barriers to providing piped water supply to the rural areas are the pumping and piping cost, both 

capital and operational and are not affordable by the rural population making the scheme 

unsustainable. The concept here is that from the storage location (RWH storage or mine) to the larger 

delivery area one needs a pipeline with gravity flow or siphon, and if this can be accomplished largely 

under gravity flow, then we need a low cost/connection final distribution network. 

Progress to date: DW&SD has implemented mini water supply schemes or spot supply schemes in 

most rural areas of Jharkhand. The current mini water supply schemes include making a high yield 

tube well or borewell and equipping it with a diesel pump to store the water in an overhead tank to 

supply to the homes. The spot supply scheme includes making a borewell and providing a handpump 

for the locals to draw water. Most rural areas also have wells where they store water and draw it 

manually for drinking and irrigation. There are quality concerns from both sources of water; hand 

pumps and wells. Some handpumps are dry all year round and some go dry in summer. There is also 

concern about aquifer contamination due to lack of awareness of the hygiene required in the vicinity 

of the well and the hand pump. There is a need to find solutions where people do not need to carry 

water to their homes to satisfy basic necessities. 
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This theme will be developed in collaboration with BIT, Sindri, wherein the expert faculty from the 

institute will advise the researchers on the local conditions and students will be offered internships to 

work on the research and analysis with the Columbia University researchers. This will ensure that the 

knowledge and the solutions developed account for the need for localization and the will stay locally. 

Students from the Civil Engineering discipline are already working on the analysis of different pipe 

types that can be possibly leveraged. We are also exploring if IBM could be our partner in designing 

the optimized piped supply network in the State. 

Theme-4: Leverage solar energy for drinking water supply 

87.7 per cent of the rural population in Jharkhand lacks access to electricity. There is a huge potential 

for a solar-electric water pumping system and/or water purification pilot. There is a possibility of 

leveraging the water station’s solar power plant for community electricity. This solution can be 

managed remotely and can be made sustainable by variable pricing and prepayment mechanisms for 

both water and electricity. 

Progress: Field visits were conducted to assess possible sites for solar pilot implementation. The 

concept was expanded beyond the use of solar energy for drinking water supply to usage of solar 

energy for supplying electricity to anganwadis, health centers and for minor irrigation. This 

multifunction approach will reduce the next cost to the consumer and will bring economies of scale. 

2. Field Interventions 
 

Water-Agriculture-Livelihood Security in India (WEALS program)    

The project was initiated on June 1, 2012 for a period of five years and is planned for completion by 

May 31, 2017. The overall goal of the Water Agriculture Livelihood Security in India (WEALS) project 

is to promote climate change adaptation and water sustainability while improving the farmer 

livelihood and food security in three states of India, namely, Gujarat, Punjab and Jharkhand  through 

a set of following objectives:  

1. Hydro-climatic modeling for integrated assessment that improves understanding of changing 

climate and resource conditions that farmers will be facing, and how it will affect crop yields 

and incomes;  

2. Testing out water-savings strategies;  

3. Crop diversification including the identification of cropping patterns that are best suited to 

the different agro-climatic zones in the State; 
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4. Possibility and feasibility of rainwater harvesting to ascertain as to how best the harvested 

water could be used as supplemental or life-saving irrigation during dry spells; 

5. Identifying farmers’ water-energy use patterns and their multiple adaptation mechanisms;  

6. Innovating two-way messaging to relay weather forecasts based informed cropping and 

market pricing; 

7. Testing the efficacy of contract farming and insurance mechanisms; and facilitating the 

creation of a more robust supply chain with the involvement of private sector for value 

addition and marketing. 

During the year the following interventions were carried out – 

Integrated Water and Energy Resource Management - Water and Energy audit report :  

• Improving Energy efficiency 

• Improving  Water use efficiency 

• Improving Asset Performance 

• Better Understanding of Aquifers  

Objectives  

• Understanding ‘Water-Energy-Asset Performance Nexus’  

Strategy 

 Monitor Pumping Systems using Datamatrix Technology  (Virtual Metering) 

Virtual Metering
(Datamatrix Patent no 236496)

“ Hydraulic parameters of a pumping system can be derived from the 

energy signature of the prime mover”.

Flow , Pressure and Efficiency are virtually measured using energy meter.
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Measurement Parameters:  

The data obtained from six pumps were used  for the configuration of pumps which involved 

developing the Head Vs Flow and power Vs curves for each pumps by entering the testing data sets in 

Datamatrix Virtual Pumping software. These trends would be then used to compare with the (pump) 

manufactures’ data curve. Standard process were followed involving the installation of RF based 

modems with the energy meters for the transmission of data from each pump to the Datamatrix 

virtual pumping software.  

 

➢ Energy consumption from 22nd-Nov-13 to 18th-Dec-13: 9768 KWH 

➢ BEP: 76% 

➢ Operating Efficiency: 54% 

➢ Shutoff Head: 242.5 meter 

➢ Operating Head: 40.5 meter 

➢ Water level : (69 to 72) meter 

➢ Cultivated land :P-9= 50 Bigha, P-12=45Bigha, P-14= 70 Bigha, P-16= 75 Bigha, P-26= 50 

Bigha, P-28= 50 Bigha as total 340 Bigha 

➢ Total Water consumption by all 6 pumps from 22nd-Nov-13 to 18th-Dec-13: 60515 m3 

➢ Water consumption Per Bigha for P-26: 384.92m3/bigha (Average= 177.98 m3/bigha) = 

206.94 m3/bigha = 52.76 % of higherthan average water consumption. 
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Asnapura Feeder and the distribution network
(6 Pumps out of 28 Pumps on the feeder are connected to datamatrix

 

Performance Monitoring 

Real-time operating parameters of each pump can be viewed from the Dashboard.

Performance Simulation

Reveals the dynamic operating points of pumps and reasons for poor efficiency 

 

 

Conclusions 

➢ Energy saving potential: Pump operating at 141 meter against design head of 243 meter. 

The energy saving potential by reducing the no. of stages= ((72-62)/72*100) = 13.89%  

➢ Water saving potential: 42.95 % 

➢ Energy saving potential: Based on current BEP scenario, energy saving potential is as ((54-

53)/54)*100= 1.86 % 

 

Activity- Seasonal Mapping of Cropping Patterns 

The GIS based system for digitizing information from the seasonal crop surveys have been carried out 

for the Asnapura feeders in the Kukarwada region. The crop surveys are taken for the Rabi and Kharif 
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seasons over the period of three years for the mentioned feeders. Earlier an analysis was presented 

on increase in the fallow land over the time in these water companies/pumps present on these 

feeders.  

Subsequently, analysis is being carried out to see changes/shift in crops over the years in the region. 

     

  

  

 

             

Figure: Change/Shifting of Crops % in Asnapura feeder during Rabi and Kharif season for period 

of 3 years 
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From the figure, it is clearly seen that wheat and potato are emerging as the major crops cultivated by 

the farmers over Asnapura feeder. It is also evident that the percentage of fallow land had increased 

from 12% in 2011 to approximately 20% in 2013. There is also slight change in percentage cultivation 

of wheat and potato over the years which need to be explored as well. A major shift of crop is seen 

during the Kharif season where Gowar crop has picked up from no cultivation in 2011 to 26 % in 2013. 

One of the reasons of Gowar as a crop choice could be due to market pricing of the crop. Besides 

market pricing, Gowar almost requires very less inputs as compared to other cash crops like cotton. 

However, there might be other specific reasons behind shifting of crops, increase in fallow etc and this 

could be accessed through proper study along with ground verifications. 

Activity:  

Farm-level field implementation for assessing and promoting specific water and energy saving 

methods 

Activity: Using the State recommended new GW-11 variety of wheat to study the potential for water 

savings and farmers’ behavior in adopting recommended practices 

 

• A detailed plan which includes the experiment design and treatment groups, sample size, 
scoping/study areas for implementation, and use of ICT is developed for scale up of GW-11 for 
Rabi 2013-14. 

 

• We approached 347 farmers of 4 talukas with questionnaire to understand their actual practices 
of traditional wheat. The detailed questionnaire is available at following link: 
https://h8zrk.enketo.formhub.org/webform  

 

• All most all the farmers were keen to try the new variety with water saving approach, hence 
from this pool of farmers we selected only those farmers who agreed to follow all conditions 
mentioned in the contract document which farmers were asked to sign during the distribution of 
seeds. (Annexure_1)  

 

• 120 farmers have been enrolled in the GW-11 experiment. The monitoring protocol the same is 
as follows: Extension agents are hired since the beginning of this experiment. Farmers are asked  
to inform concerned extension agent prior to any of the practices to be done on the GW-11so 
that extension agent can be there on the field while farmer is applying practice on the field. 
Extension agents also keep watch on farmers’ activity for GW-11. 

 

• For monitoring, we have prepared android application for every stage of cultivation. The data 
sets are saved on the following link.www.formhub.org/ciptgujarat 

• The sample of data collection through the use of ICT product is shown in annexure – 2.1 and 2.2 

• Farmers have been responding well to this monitoring till now. 
 

Improving Water Use Efficiency in Punjab Agriculture: The Case of Tensiometers 

Intensive agricultural practices in Punjab have resulted into severe over-exploitation of natural 

resources, especially groundwater. This has mainly occured due to increase in cropping and gradual 

https://h8zrk.enketo.formhub.org/webform
http://www.formhub.org/ciptgujarat
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dominance of paddy in the production pattern during kharif (summer) season, which has caused 

severe imbalances in demand and supply of water in Punjab agriculture. The current water 

requirements of 4.45 million hectare meter exceed the sustainable supply levels of 3.04 million 

hectare meter by almost 46 per cent. The demand-supply gap has caused faster decline in water tables 

at the rate of about 75 cm per annum during the last 

decade, while the earlier decline was much lower at 

18 cm per annum during 1982-97 and 42 cm per 

annum during 1997-2002. Declining water table 

promoted frequent deepening of the borewells and 

subsequent replacement of the centrifugal pumps by 

more expensive submersible pumps. The power 

consumption in Punjab agriculture has more than 

doubled since 1990-91 and power subsidy has 

touched high levels of about Rs. 6000 crore during the 

last year.   

All these trends point towards unsustainable use of groundwater resources, power consumption and 
subsidies in Punjab agriculture which needs to be addressed seriously. Multiple strategies such as crop 
diversification and use of water saving technologies have been envisaged for achieving long-term 
sustainability of groundwater use in Punjab. The Centers for International Projects Trust (CIPT) in 
collaboration with Punjab Agricultural University (PAU) is promoting the use of tensiometers in paddy 
amongst the farmers of Punjab since 2009. Tensiometer is used in paddy for scheduling irrigation and 
has the potential to save significant amount of water as well as energy in agriculture.  

About the tensiometer  

A tensiometer is a simple device designed to measure soil moisture or water potential, i.e. the energy 
plants need to exert to pull in water from the soil at the current moisture condition. It consists of a 
porous ceramic cup, connected through a rigid, body tube to a vacuum chamber and all the 
components are filled with water. The body tube is transparent so that water within the tensiometer 
can easily be seen. The tensiometer is placed in the field with the ceramic cup in the soil in the plant 
root zone. The ceramic cup is porous so that water can move through it to equilibrate with the soil 
water. A partial vacuum is created as water moves from the sealed tensiometer tube. The pressure 
associated with this vacuum is a measure of the energy that would need to be exerted by the plant to 
extract water from the soil. It can be recorded by a gauge, or the critical values for a particular plant 
can be marked on the tube. The idea behind the use of tensiometer is that if the indicated soil moisture 
is below what the plant optimally needs to grow, there is need to apply irrigation water, otherwise 
not. Such irrigation scheduling can reduce water use in a crop because farmer generally over irrigates 
the crop irrespective of its requirement especially when water and power to pump out water is free 
of cost.  
 
A simplified version of the tensiometer was developed by PAU, Ludhiana, India with a nominal cost of 
about Rs. 450 per tensiometer. In this tensiometer, the usual gauge has been replaced by the stripes 
of green, yellow and red colour. While the water level in tensiometer at green level signifies no need 
for irrigation, there is need to irrigate when the level enters the yellow stripe level. The entry into the 
red level may adversely affect the crop yield and hence should be avoided. 
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Promoting the tensiometers 

A comprehensive approach was followed for promoting the use of tensiometers and estimating the 

extent of water and energy savings. The approach comprised various steps which are outlined 

below:  

1. Identification of the operational area: The tensiometers have been promoted across 9 

districts of Punjab, namely, Amritsar, Jalandhar, Kapurthala, Tarn Taran, Moga, Ludhiana, 

Sangrur, Barnala and Patiala. Till now CIPT and PAU have reached 300-350 villages. 

2. Farmers’ awareness and trainings: The farmers have been made aware about the issues of 

water depletion in Punjab and have been trained effectively on the use of tensiometers.  

3. Installations: The tensiometers are installed at the farmers’ fields by well-trained field 

workers.  

4. Regular monitoring and supervision: The field workers conduct regular monitoring of the 

farmers’ fields and regularly address the problems in the use of tensiometers. Information on 

water use, energy, yield and other important parameters is also collected.  

5. Estimating the water and energy savings: The water and energy use is compared with the 

adjoining plots, where farmer irrigates in a traditional manner, not using the tensiometer.  

 

 

Spread of tensiometer in Punjab 

Till now, CIPT and PAU have reached almost 13,000 farmers for the use of tensiometers towards better 

irrigation scheduling in Punjab. These farmers have been spread over 350 villages over time. Table 1 

indicates the year wise installation figures across the state. 

Table 1: Number of tensiometers installed 

Year No. of tensiometers installed 

2009 525 
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2010 3,500 

2011 1,100 

2012 1,500 

2013 2,200 

 

Impacts on water and energy saving by the use of tensiometers 

The groundwater and energy saving with the use of tensiometers on the fields of adopters are given 
in Table 2. The use of tensiometers in paddy has resulted into water saving of about 20 per cent and 
corresponding energy savings of about 24 per cent. At the aggregate level, these water and energy 
savings turn out to be huge. In addition, there was no adverse impact on the yield of paddy owing to 
the use tensiometers.   
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Table 2: Impact of tensiometers on water and energy savings 

Particular Value 

Water saving per acre (%) 20 

Water saving per acre (litres) 419,062 

Energy saving per acre (%) 24 

Energy saving per acre (Kwh) 90 

 

3. Partnerships 
 

Achieving natural resource sustainability and improving rural livelihoods is a complex task. It requires 

in-depth understanding of the water-energy-agriculture nexus of a given region and a thorough 

analysis of the livelihood and adoption patterns. To achieve this objective and formulate more 

effective strategies for ensuring agriculture sustainability in the long-run, the CIPT has partnered with 

the State Agricultural Universities, other institutes and government departments. The prominent 

partners in Punjab are the Punjab Agricultural University (PAU) and the Department of Cooperation. 

In Jharkhand, the partners are Birsa Agricultural University (BAU), State Agricultural Management and 

Extension Training Institute (SAMETI) and Central University of Jharkhand (CUJ). In Gujarat, the major 

partners are Uttar Gujarat Vij Company Limited (UGVCL) and Krishi Vigyan Kendras (KVKs). The future 

efforts are to partner with the State Departments of Agriculture.   

 
The major focus of such partnerships has been to examine the relationships between food production, 

natural resource and environment in light of the changing climate in different regions of India. The 

major emphasis is on conserving water and energy resources and improving rural livelihoods. The 

State Agricultural Universities and KVKs are supporting in conducting an in-depth analysis of such 

nexus and promoting strategies for sustainability. They are also supporting in providing relevant 

information to develop decision support systems for the farmers. The Department of Cooperation and 

SAMETI provide the basic platforms for scale up strategies for better coverage. The CUJ is involved in 

mapping the water resources in Jharkhand to plan drinking water treatment and distribution strategy 

in the long-run.   

Partnerships for developing low-cost technologies and applications  

CIPT has built partnerships with North East Centre for Technology Application and Reach (NECTAR) 

and Technology Outreach Foundation (TOF) to develop and promote low-cost technologies for 

enhancing resource-use efficiency (especially with respect to water and fertilisers) and conserve 

natural resources and environment. The partners have agreed to work mutually on the following 

areas.  

• Development of low-cost technologies to increase resource use efficiency, conserve natural 
resource and enhance agricultural productivity.  

• Develop low-cost technologies and affordable instruments and tools to improve access of the 
rural poor including smallholders to useful information for managing crop production.  
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It is encouraging that this partnership has resulted into the development of low-cost soil moisture 

sensor and plant nutrient sensor in a very short span. These digital sensors are easy to use and have 

significant potential to reduce the water use and nitrogenous fertilizer use in agriculture. The efforts 

are going on to develop some other sensors and technologies which can help in better resource 

planning in agriculture.  

Partnerships for developing business viable value-chains  

There is a strong need to establish the value-chains in agriculture that can serve the interests of both 

the farmers as well as the intermediaries and also improve the efficiency of the markets in the medium 

and long-term. The value chains should integrate the aspects of export potential, domestic markets, 

opportunities for processing, food safety standards, research and development needs for promoting 

value addition in agriculture and effective integration of the stakeholders to ensure business viability 

of value chains which can ensure equitable distribution of benefits to all the stakeholders, especially 

the farmers.   

 
CIPT has partnered with the Field Fresh Foods Private Limited and academia to develop the framework 

for the development of business viable value chains in agriculture. The partnership will help in 

gathering inputs on the essentials of food processing, food safety, marketing and other research and 

development needs for such value chains. It will also help in pilot testing of the business viable models. 

The partners will attempt to develop market outlook for alternate commodities by exploring the 

regional, national and global markets and will devise strategies for scaling up of the business viable 

chains. The success of such partnership may lead to successful efforts for crop diversification in the 

country.     

 
4. Outreach programmes 

 

CIPT organized a workshop on Sustainable Agricultural 

Development in Jharkhand under Changing Climate 

on March 07, 2014 at Ranchi. This was the project 

launch workshop  of the USAID supported Water-

Agriculture-Livelihood  Security in India (WEALS)  with 

an objective to bring together important stakeholders 

including government officials, academicians, farmer 

organizations and extension agencies to share 

experiences on water sustainability and rural livelihood issues. It facilitated a focused discussion on 

conserving water, energy and enhancing farm incomes in times of increasing weather uncertainty. 

The workshop helped in identifying the conditions necessary to create a broader common framework 

on water-energy-food nexus under the changing climate. It outlined future areas of thrust and 
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collaborations amongst the stakeholders for achieving faster and sustainable agricultural growth in 

Jharkhand.   

Dr M.P. Pandey, Former Vice Chancellor, BAU inaugurated the workshop which was attended by 

thirty five participants including officials from BAU, DWSD Ranchi, Government of Jharkhand, Water 

Resource Department, SAMETI, CUJ, development sector organizations, students and researcher etc. 

The detail workshop report is attached here as annexure A. Based on discussions during workshop, 

the following opportunities were outlined for engagement in Jharkhand: 

• In-situ rainwater harvesting, judicious use of stored water 

• Use of low cost technologies like tensiometers and better irrigation scheduling 

• Crop diversification in upland areas 

• Promoting less water intensive crops 

• Integrated nutrient management 

• Post-harvest management and food processing amongst others. 


