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SOCIO-METABOLISM APPROACHES AND 
THEIR RELEVANCE FOR ANALYSING

AGRICULTURAL TRANSITIONS

Claire Aubron, 
Charlotte Hemingway, 
Olivier Philippon, 
Laurent Ruiz, 
Mathieu Vigne



TWO SOCIO-METABOLISM CASE STUDIES

• Socio-metabolism research: a wide range of approaches with a 
common interest in flows of matter and energy

• Our approach in this presentation:

• Two case-studies in contrasted areas of India, not particularly 
involved in agroecological transitions but which we use as a basis for 
drawing lessons 
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1ST CASE-STUDY: NITROGEN METABOLISM AND 
GHG EMISSIONS IN A GUJARATI VILLAGE (2014)

Petlad block, an 
alluvial plain 
with semi-arid 
climate



Densely populated by people (550 inhab./km2) and animals 
(230 bovines/km2) and intensively cultivated with irrigation



A highly unbalanced nitrogen metabolism

 Water pollution: 11 of the 16 samples taken are over the NO3 potability limit of 
50 mg/L

 Nitrogen balance at village scale: 600 kgN/ha/yr for crops (22 times higher 
than the French average); total surplus (including livestock activities): 900 kg/ha/yr

Aubron et al., 2021



Map of the N surplus at field scale in the village 
(N balance for crops)

Aubron et al., 2021



High GHG emissions at village level coming from a diversity of 
sources
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 37 tCO2eq/ha at village level, 15 times higher than the Indian national average

 Bovine enteric fermentation is the main source of GHG emissions (25%) but 
synthetic fertilizers and imported feed account for 42% of the total:

Hemingway et al., 2022



 Fostering the cultivation of fodder crops or crops that produce 
residues (≠ tobacco) to feed animals from local resources. 

 Managing animal manure to limit the use of synthetic fertilizers.

Re-integrating crops and livestock: a solution?

Yes, but… it is not the way things are evolving!
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Aubron et al., 2021

 Rs Income 
per worker 
per year 

N balance 
(kg N) 

N 
efficiency 

Contribution 
to N surplus 
at village 

level 

PS1 – Large landowners 
without livestock 

80-820 k 1193 0,19 ++++ 

PS2 – Large dairy 
farms 

205-645 k 11863 0,17 ++ 

PS3 – Mid-size 
diversified farms 

56-135 k 1598 0,15 ++++ 

PS4 – Mid-size dairy 
farms 

145-330 k 3084 0,22 ++ 

PS5 – Small diversified 
farms 35-46 k 197 0,25 + 

PS6 – Small dairy farms 43-49 k 481 0,16 + 

PS7 – Sharecroppers 
with livestock 

24-40 k 270 0,29 0+ 

PS8 – Daily labourers 
with livestock 

22-25 k 64 0,48 0+ 

PS9 – Pastoral farmers 13-32 k 678 0,23 0 

 



 Farmers are not encouraged to use synthetic nitrogen fertilizers 
sparingly, due to subsidies to the fertilizer industry. 

 Social categories with sufficient access to land (>1 ha) have no 
interest in developing livestock farming, as they obtain high incomes 
from irrigated tobacco growing.  

 Social categories with limited access to land have an interest in 
developing livestock farming to generate additional income through the 
sale of milk, but lack the resources to feed their animals.

Conclusion for the 1st case-study



2ND CASE STUDY: GROUNDWATER AND FOSSIL
ENERGY CONSUMPTION IN ANDHRA PRADESH (2021)

Rapthadu mandal, a semi-arid
area on the Deccan plateau



An rainfed groundnut area with a late and incomplete
development of irrigation (vegetables and fruit trees)

… also going in the wrong direction from an environmental perspective



Declining use of animal energy, rising consumption of fossil energy
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Territorial water balance: still positive but fragile
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 Favouring the cultivation of irrigated crops during the monsoon/rabi
seasons and avoiding cultivation during the dry season, when
evapotranspiration is high

 Limiting the expansion of fruit plantations, which require water all 
year round

Managing water better in order to avoid reaching the 
tipping point

In theory possible … but that’s not what is currently happening!

Managing water better in order to avoid reaching the tipping point



Evolution of irrigated land and social diversity (1950-2022)

Large holder 
farmers

5%

Smallholder 
farmers

50%
Pastoralists 
(landless)

5%

Agricultural labourers 
(landless)

40%

Large-scale fruit growers
1%

Vegetable growers
15%

Small-scale fruit 
growers

13%

Rice and groundnut 
growers

6%

Rainfed groundnut 
growers

51%

Pastoralists
11%

Agricultural labourers 
(landless)

3%

2022

1950

% households belonging to each social category

2022 
15% land 
irrigated

(Wash pediment)

1950s : 
4% land 
irrigated

(Wash 
depressions)



Huge income gaps, with access to irrigation (especially fruit 
cultivation) being the game changer
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2022 : the poorer categories recharge groundwater for the 
wealthier ones

2022: the poorer social categories recharge groundwater for 
the wealthier ones

1 947 543

Pastoralists

568 014
Large holder

farmers

Smallholder
farmers

432 044

808 615

Groundnut
growers (no 

livestock)
Small-scale fruit growers
(+ dairy farming) 
- 226 249

Large-scale fruit growers
-188 540

Vegetable growers
(no livestock) 
– 39 989

Pastoralists

Groundnut
growers (with

livestock*)
Rice and 

groundnut
growers (no 

livestock)

1 758 
762

Vegetable growers
(+ dairy farming) 
-150 508

57 725

327 271

Abandonned land 27 600

* bulls, local cows, buffaloes or fattened lambs

20221950 Social categories with
NEGATIVE net water 

recharge

Social categories with POSITIVE net 
water recharge

Hemingway, 2023



Conclusion of the 2nd case-study

 Farmers are not encouraged to use groundwater sparingly because 
thanks to subsidies electricity is free and available 6-hours a day

 Social categories coming from former large holder farmers who 
accumulated capital with groundnut cultivation were able to invest 
earlier in borewells and irrigated crops in the 1990s. Part of them 
became fruit growers in the 2000s, earning today the highest 
agricultural incomes and pumping the largest quantities of groundwater 
in the area

 Today groundnut growers, for most of them former landless 
agricultural labourers who benefited from the agrarian reform in the 
1970s, have remained in the blind spot of irrigation. They get very low 
incomes from rainfed cultivation and depend on the farmers having 
access to irrigation for employment opportunities. They make a major 
contribution to water recharge.   



CONCLUSION OF THE TWO CASE-STUDIES

• There are good reasons to reintegrate crops and livestock in Petlad
and to manage groundwater differently in Rapthadu.

• The technical terms of such evolutions are relatively well known.

• But the political, social and economic conditions are not conducive to 
the implementation of agroecological practices:
• Subsidies to chemical fertilizers and electricity for pumping water, on the contrary, 

encourage the use of inputs

• Social organization hinders the changes: the well-off farmers have no interest in 
implementing these agroecological practices, while others do not have the means to 
do so. 



RELEVANCE OF SUCH SOCIO-METABOLISM
APPROACH FOR AGROECOLGICAL TRANSITION
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Thanks for your attention!


