
Water, agriculture and food 
in developing countries 

Opher Mendelsohn, Tel Aviv University 



ÅFood security exists when all people, at all times, 
have physical and economic access to sufficient, 
safe and nutritious food to meet their dietary 
needs and food preferences for an active and 
healthy life 

Åavailability, access, utilization, and stability 
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Food prices crisis ς Covid + Ukraine 
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Crop yields (calories produced) 



Climate change ς major factor of food 
production 

ÅChange in temperatures and accumulated rain 

ÅIncreasing number of extreme weather events 

ÅChanging pest and disease patterns 

ÅIncreasing sea level 

ÅIncreasing uncertainty 
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Facing global uncertainty and crisis 

ÅUnstable global market (amount and price)  

ÅNatural disasters, pests and diseases 

ÅUnpredicted shortage of inputs and ater 

ÅUnpredicted shortage of manpower 

ÅImpairment of marketing ability to consumers 

Å!ƴŘ ƻǘƘŜǊ ǎǳǊǇǊƛǎŜǎ ǿŜ ŘƛŘƴΩǘ ŜǾŜƴ ǘƘƻǳƎƘǘ ƻŦΧ 
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Fall armyworm (Spodoptera frugiperda) 

https://www.fao.org/fall-armyworm/monitoring-tools/faw-map/en/ 
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Indian PDS (food Procurement & 
Distribution System 

ÅGovernment minimum price support for selected 
crops, mostly from local cultivation  

ÅGovernment distribution/storage system of 
primary crops from provinces with high yields 

ÅFree water and subsidized / free electricity for 
pumping them  

ÅGuaranteed revenue for farmers, crop insurance 
and subsidies for fertilizers and other inputs 
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ÅAnnual ground water level dropping up to 1 meter  

ÅUp to 40ς60% of total electricity use for pumping 
Devineni, N., Perveen, S., & Lall, U. (2022). Solving groundwater depletion in India while achieving food security. Nature 
communications, 13(1), 1-10.  
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So how can water depletion be 
reduced? 

ÅIncreasing farm-use water efficiency and water 
productivity 

ÅEngaging farmers and government in reducing 
water and electricity subsidies and stimulating 
other crops 

ÅRestructuring the flawed PDS system and 
adapting it to country wide local conditions 





Tensiometer based paddy irrigation 



Tensiometer-installed plots Control plots Percentage change 

Number of irrigations per ha 15 18 17.00% 

Water usage (1000 ̱L/ha) 7,930 9,110 12.95% 
Electric power usage 

(kWh/ha) 1,853 2,120 12.59% 

Labour use in irrigation 

(hours/ha) 45 55 18.18% 

Monetary value (US$/ha)  ̱  ̱  ̱ 

Cost of electricity usage 200.11 228.94 12.59% 
Cost of labour use in 

irrigation 29.29 35.81 18.21% 

Other variable costs 406.93 418.08 2.67% 

Total variable costs 636.33 682.83 6.81% 

Yield (t/ha)  ̱7.17  ̱7.13 0.56% 

http://eands.dacnet.nic.in/Cost_of_Cultivation.htm 

Tensiometer based paddy irrigation 

http://eands.dacnet.nic.in/Cost_of_Cultivation.htm
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Unicef (2004) Report on vitamin and mineral deficiency in Sub-Saharan Africa 





Indigenous leafy plants 

African nightshade 

Amaranth 

Cowpea Spider plant 



Kitchen gardens ς lack of space & water 



Gravity drip irrigation 



Multi-storey garden 





Keyhole garden 





Zai pits 





Excess of water + soil degradation 

https://esdac.jrc.ec.europa.eu/themes/global-soil-erosion 







Beyond the immediate suspects 

ÅRemoval of perennial crops 

ÅReplacement of mixed vegetation ǿƛǘƘ ŎǊƻǇǎΩ 
monoculture and pastures 

ÅHigh harvest index (grain/straw ratio) 

ÅFaulty use of bare fallow 

ÅSlash and burn 

ÅOver grazing 

ÅOver tilling 

ÅOveruse of fertilizers 

ÅRemoval of crop residues 

 

 





Agroforestry 



Ecosystem services increase / 
decrease by trees in SSA 

Kuyah, S., mōƻǊƴ, I., Jonsson, M., Dahlin, A. S., Barrios, E., Muthuri, C., ... & Sinclair, F. L. (2016). Trees in agricultural 
landscapes enhance provision of ecosystem services in Sub-Saharan Africa. International Journal of Biodiversity 
Science, Ecosystem Services & Management, 12(4), 255-273.  



Crop yields optional increase with trees 

ÅImproved microclimate ς e.g. air and soil 
temperature, relative humidity, solar 
radiation, wind speed 

ÅImproved nutrient cycling ς e.g. nitrogen 
fixing shrubs and trees  

ÅImproved soil fertility ς e.g. green manure 

 





Crop yields optional decrease with trees 

Åtaking up land of high crop production, and/or 
mechanized agriculture 

Åcompetition with crops for nutrients, water 
and light 

ÅLoss of a growing season 

ÅWater depletion in neighboring plots 

 



Water management - ŀŘŜǉǳŀǘŜ ǘǊŜŜǎΩ 
density and size will 

ÅReduce soil compaction and increase water 
retention and infiltration 

ÅReduce water evaporation by lowering ambient 
temperatures 

ÅBalance water demand and increase ground 
water recharge 

ÅAffect rainfall in neighboring areas 



Case study in Machakos (Kenya) 

Rosenstock, T. S., Dawson, I. K., Aynekulu, E., Chomba, S., Degrande, A., Fornace, K., ... & Steward, P. (2019). A planetary 
health perspective on agroforestry in Sub-Saharan Africa. One Earth, 1(3), 330-344.  



What to do? 

ÅCompost 

ÅCover crops/green manure crops 

ÅCrop rotation 

ÅPerennial forage crops 

ÅZero or reduced tillage 

ÅAgroforestry 

 



Resilient agriculture = safety margins 

ÅIncreasing / maintaining diversity - crops, growing 
methods, inputs and marketing methods  

ÅEntrepreneurship, innovation, cooperation and 
willingness to take calculated risks 

ÅInfrastructure for ŦŀǊƳŜǊǎΩ support and insurance 

ÅProfessional and marketing information systems  

ÅCoordinating long-term expectations with 
consumers (diet change) 
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Thanks for listening 


