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2010 : DST-INRA targeted call on Water and Agriculture

AICHA project accepted in 2012, started in february 2013



WATER and AGRICULTURE

Anthropogenicforcing on water and pollutant cycles

Both in India and France :

- Developement of agriculture ( green revolution ) 

- Increase in food production to achieve self-sufficiency

Through :

ü Genetics: Improved potential of crops and animals

ü Increased inputs to reach that potential

(e.g. pesticides, fertilisers, mechanisation, irrigation )
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INDIAN CONTEXT: Agricultural groundwater use 
linkage with electricity supply (Water ςFood ςEnergy nexus)

Strong growth of electricity consumption

UNESCO (2012)

USA

INDIA
30% of electricity is 
for GW pumping ς
(equivalent of about  
50 nuclear reactors !)



Indian Agriculture until 19th century =  mostly rainfed agriculture

+ few open wells + traditional tank system 



Agriculture = food-producingfor self-consmption
strongly integrated with breeding

1% of the surface 
irrigated with tanksMain crops:

Cereals, pulses ςsome
peanut

Herdsof local breedcattle = lateral
transfert of fertility from marginal 
land/pastures/ forest towardscultivated
land



1830s until 1980s =  from colonial time to green revolution

Development of Major irrigation ( from rivers coming from

mountains = himalayas , western ghatsê)

In this case = more crop per drop = 

looking for optimal use of available water



Salinity in Mandyadistrict
Very gently sloping canal irrigated midlands, 

S.No.158, Kyathaghattavillage
Most part of the area in the village is affected by 

salinity

Economic loss : >Rs 1000 crores/year
(6.5 million $)

Source : NBSS&LUP Bangalore

Uncontrolled irrigation,

rising water table and high

rate of evaporation favour

salinisation in the area

Saturation of areas   / social  and 
environmental cost



production de céréales (Inde)
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basedon few improvedcrops
1970 - 1990: green revolution



NPK ConsumptionEUROPE (15 countries)
1930-1999 (Mt/year)
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Ministry of Agriculture, Govt. of India, 

Fertilizer Association of India 

GREEN REVOLUTION = GENETICS + FERTILIZERS + PESTICIDES + TRACTORS + IRRIGATION



1970-1990 In « rainfed areas » :

beginning of open well irrigation
(mostly in valleys)

Availability of fertilizer + irrigation = Sugar cane ê

Only big farmers can invest in Jaggeryplants



PUMP 

REVOLUTION!
(Molle , Shah et al. 2003)

1980s : 
Technology of 

submersible pump

Become affordable :

Tubewells = Minor irrigation



VSugar cane factories, developpement of crop marketing

VFree electricity for irrigation (1992 in Karnataka) but limited hours/day

VAffordable borewells with submersible pumps

VGood prices for irrigated crops

Evolution of monthly wholesalepriceindex (base 100 = 1993 -1994)

Source: Ministry of Commerce and IndustryςGovernmentof India

Incentives for irrigation



Bigfarms
Irrigatedsince70s

Small and medium farms
New irrigation users

Mortgageof 
land

Mortgagedland 

Sugarcane

METAYAGE
(crop-sharing)

Capital for 
drilling

50 % 
production

50 % 
production

50% inputs

50% input + 
work

Jaggery
Mill + 
sugar
factory

Sugarcane 
factory

Mechanismfor accessto irrigation

VMobilisation of land and livestock
Vmortgage

Mécanisme of mortgage



Development of irrigation linked in India with 

history and specificity of water resources
Ď Heterogeneous rainfall distribution

(space & time) http://water -atlas.blogspot.in/p/chapter-1-andhra-pradesh-in-india.html

700 < P < 1000 mm

1200 <PET< 2000 mm

Ý Increase of ET/PET

can lead to very negative water balanceê



Boisson et al, 2015

Olivia Aubriot.  L'eau souterraine en Inde du sud.  Un savoir réservé aux nouveaux maîtres de

l'eau?.  Construire les savoirs dans l'action.  Apprentissages et enjeux sociaux en Asie du Sud,

Edition de l'EHESS, pp.26, 2011, collection Purusartha29

Perception of groundwater depletion by farmers
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Adaptation of techniques

FromfurrowƛǊǊƛƎŀǘƛƻƴ Χ

To spriklersΧ

Thendrip irrigation



Adaptation of crops

Décline of sugarcane, 
Increaseof turmericwith associatedcrop
(garlic, onion, chilly)

Horticulture

Banana



More capital intensiveê 

many small irrigation users canõtfollow ê

ê reduce irrigated area

Some back to rainfed farming

(or loose mortaged land -> landless)



Bigirrigated farms

SP1=about 10 households

SP3 =about 500 households

present

Diversity of
Farms

In Gundlupet
Taluk



Small irrigated farms

SP4 = about 1000 households

Diversity of
Farms

In Gundlupet
Taluk



Medium and Small rainfed farms
and landlessfarmers

= several1000s of  households

Diversity of
Farms

In Gundlupet
Taluk



Economicassessment(Berambadi region)
irrigation seemsto be the only way to increasework productivity

in small farmsê. (Master report ChloeFischer 2016)
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White Revolution

Milk Collection in everyvillage
(cooperatives)

encourager et augmenter la 
production laitière

Production = irrigation users, rainfedand landlessfarmers



Milk is essential for rainfed farms
(and for many landless farmers ê)

ê. But limited by forage availability
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Objectives of the AICHA project :

assessing the

sustainability and possible adaptation 

of current and alternative 

agricultural systems

Can we increase the crop productivity, farmers 

incomes without further depleting groundwater 

levels?

Methods:

- integrated models

- realistic scenarios



Land Use
Agricultural practices

Groundwater 
model

AMBHAS

Crop
Model

Economic
Model

MoGIRE

Farmer 
decision 
model

EconomicsClimate

Yield

Percolation

Pumping

Groundwater
level

assessing current and alternative agricultural systems for

sustainability 

Inputs

feedback

between  GW and irrigation

Hypothesis = borewell yield 

decreases with WTL depth

Realisticscenarios ????



Inputs Land Use
Agricultural practices

Groundwater 
model

AMBHAS

Crop
Model

Economic
Model

MoGIRE

Farmer 
decision 
model

EconomicsClimate

Yield

Percolation

Pumping

Groundwater
level

Land Use and 
Agricultural 

practices

Impact of spatial 

distribution of practices =>

Distributedmodel

assessing current and alternative agricultural systems for

sustainability and possible adaptations

CHALENGES : 
Calibrating and validating the 

model
Before using it for scenarios 

evaluation


