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In memoriam of Clovis Derlyn

Who was  very activ
with Oïkos Institute  

Silva  RAT
Association bois de feu  



Oïkos Institute 
A scientific and technical NGO  

for national and global sustainable development
Past and present activities 

Fruit juice 
units

With Marc Vergnet
and Maxime
Haudebourg

Solar 

desalinization 

without battery 

of sea water and 

brackish water

Cooperation with 
other NGO’s and 

universities  in Africa 
India, Brazil

Montreal  1995  IPCC 
SAR Advocacy for   

intensification of agriculture 
Sub-Saharan Africa

Land use in France in 2050 

Copenhagen 2009



Bénin  &   CEFORID 

Plantations d’arbres pour  produire du 

bois, des fruits, fixer de l’azote  etc.,

pour augmenter l’efficacité territoriale, 

réduire le déboisement 

Expérimentations agronomiques  

Agroforesterie :Leuceana, Moringa etc.  

Igname 



Program of the side event 

at the African Pavilion   

• Agriculture and Climate  Change 
– Increasing Land use efficiency in France and in Africa  

(Arthur Riedacker) 

• Agricultural Policies and Measures  
– In Europe -What could be proposed for Sub-Saharan 

Africa (Jean Marc Boussard) 

• Evolution of farming in Brittany (eastern  part of 

France ) since 1950 ? 

– Witness - What lessons for Africa  (Joseph Racapé )

• Discussion



Agriculture and Climate 

1. Outlook for Africa 
2. Integrated  Approaches for “Development  First”

- Main indicators:  Land Use efficiency, Fossil Energy efficiency &  GHG 
emissions 

- Compare scenarios on the same area 
- Importance  of  Territorial Intensity (TI) and land use efficiency   (LUEff)
- Importance of LUEff to meet future needs

3. Is it possible to increase LUEff without increasing  fossil 
energy  consumptions and GHG emissions per ton of 
product (not per ha) ? 

4. Evolution of cereal production in  France  between 1850 –
2000

5. Potential evolution of cereal production in  Sub-Saharan 
Africa 



1/ Outlook for Africa



1/ Population growth  

(from Dr Youba Sokona IPCC Vice chair) 
• Africa’s population is growing

– Our population is expected to rise from 1 Billion in 2010 to 3.6 Billion in 2100

• Africa’s population is youthful
– Our youth need employment and opportunities

Without economic growth coupled with adequate employment and 
opportunities social stability may ultimately be at risk

Source: UNEP GRID [Online: http://maps.grida.no/go/graphic/population-growth-in-sub-
saharan-and-central-africa-and-population-density-projection-in-congo-basin]
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1/ Meet the 

fundamental needs 

of everybody today 

and tomorrow

+ 
in 2050 

2/ Adapt to climate 

change, in 

particular in 

agriculture 

3/ Mitigate 

climate change

2/ 
« Integrated  Approaches for 

“Development  First »



1.Area required  (TI)
(cultivated + fallow land) 

2. Energy
Fossil input– Harvestable  -Net

3. GHG emissions
Gross – Avoidable - Net

For Primary

Products

For Services

Three  main  groups of indicators
per product or service 



Scenario i 

Scenario j
Per add. capita 

how much 
additional land (LUC), 

fossil energy 
GHG?

Compare scenarios (per product or service)  

e.g. global impacts of food consumption per capita  
(Land use, fossil energy consumption, GHG emissions)

Stage 2

Conversion 

transportation 

cooking  

Stage 1 
Stage 3 



Importance of 

Territorial Intensity (TI)

and Land Use Efficiency (LUEff)



• v• v• v• v• v
• v • v

• v
• v• v

Land use change: 0.677 ha per additional person  

With high TI per capita e.g.  0.677 ha 
(with 1.83 t of wheat /ha)

• v• v• v

0,169ha

• v• v• v• v• v • v • v• v• v• v
• v

• v• v• v• v • v • v• v
• v

• v • v
• v

• v• v
• v

• v• v• v• v• v• v

• v• v • v • v• v• v
• v

With low TI per capita e.g.  0.677 ha 
(with 7.34 t of wheat / ha)

+ 0,169ha

• v• v• v
• v

• v
• v • v• v • v•• v

4 times less land use change per additional person 

Impact on land requirement when population 

is increasing (Dynamic approach)

=>depends on TI (territorial intensity) per capita  

+

+



We have but one planet …..

1/ Static approach (e.g. constant world consumption) 

One unit less  of phytomass in A => requires + 1 unit elsewhere in one 

or several places A’, B , C, and or D. 

2/ Dynamic approach (e.g. with increasing total consumption)

( due to population growth, oil shocks, climate change etc. ) 

Each additional unit is to be produced in one or several  places

B

D

C

A’

A



TI  = area to produce one ton of product per year
(1 t of DM, 1t of grain , 1t of vegetable oil, 1t Protein, 1 toe, etc. )

by taking into account, 

1. Cultivated  land  area,

2. Fallow land for soil fertility restoration, 

3. Number of crops per ha per year on the same land 
(e.g. 9 months  for soya in Brazil, where the vegetation 
period is 12 months a year =>  multiply  yield  by 12/9 )  

4. Associated crops on the same land 
[e.g. maize + peanut, wheat + clover, grain + wood or 
fruits   etc.,  hedges, other land  for integrated 
management  etc.]

Territorial Intensity (TI) in ha/ton 

Land Use Efficiency (LUEff)* = 1/ TI

* 1/TI  = LUEff. = yield,   but  only when there  is no fallow land,  no multiple cropping, no 

associated land.



To increase land use efficiency  consider 
reducing fallow land  

intercropping or  multiple cropping

Historical evolution of the area of  
cereals and fallow land  in France Intercropping  Maize & Peanut 

Benin  2010

fallow land



WHITH INCREASING FOOD

OR BIOMASS DEMAND
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(j) : Increasing cultivated land

(k) : Constant land use => decreasing TI
(increasing land use efficiency)

from i à   k

Decreasing Territorial intensity (TI) 

or increasing cultivated land ? 

Differences  between transitions
from (i to k)  and (i to j)

Avoided land use change k/j 

Avoided decrease in harvestable
wood k/j. 

from i to  j 



With increasing  land, emissions depend on 
the type of land converted into cropland?

Grassland

Forestland

Cropland



Forest

Grassland
Cropland

Carbon in 

trees

60tC/ha 

70tC/ha 45 tC/ha

Deforestation

+ 312 t CO2 / ha 

Grassland

+ 92  tCO
2 

/ha 

An « average » land use change 

(½  grassland+ ½ forestland)

=>  GHG émissions  of about 200 t CO2 per ha 

Carbon in soil organic matter

2,7 t 

CO2/ha /year



3.Is it possible to increase LUEff

without increasing  fossil 

energy  consumptions and GHG 

emissions 

per ton* of product ? 

(*not per ha) 
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Higher

net gain 

/ha

Crop,  Grass  or Forest Land

Low Input 

Output 

Net gain  

/ha

Crop, Grass or Foresland

Higher Input 

Output 

Higher input =>Higher net energy gain per ha

and less fossil energy per ton of grain  

due to better solar energy conversion

Energy efficiency
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Due to photosynthesis 

crop production has 

been a positive 

energy  activity,   

long before smart 

buildings with PV….



IFDC LOME 1991

Mineral or organic 
nitrogen input=> N2O

Keynote speach at 
the 1991 IFDC 

Workshop



For GHG 
Up to 2000 answer impossible 

• No indication in the 
1992 supplementary
report  to the  first 
(1990) IPCC report 

• No emission factors for 
nitrogen input 

1996 - 2006  

IPCC Guidelines Emission 
factors 

Publication UNESCO Trieste 
2006 

In the 1990’s

In 2006 the answer is Yes

Etc. 



Co-benefits

• Less deforestation => preserves  also wood 
production, carbon stocks,  wildlife and 
biodiversity, and other environmental services

=> Land  sparing

• Less land or additional land requirement  per 
capita 

=> easier adaptation to shrinking cropland area
(e.g. due to sea level rise, climate change etc.)



4/ Evolution  of wheat 

production in France 

between 1850 – 2000

• Yield  change 

• Total land area (including fallow land) 
per ton of wheat

• Consequences for  total wheat 

production  in France



Between 1950 & 2000 (50 years)
TI  was divided by  4.8 

1850

A long period of 
stagnation

Averaged annual  wheat yield  in 

France 1850 – 2000
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In 1950
In 2000

Input per ha

Harvestable products per ha

per ton of grain

Gross  GHG
per ton of grain 

0,76 t CO2e 

0,26 tep

grain

1,39 t

straw 0,74 t

1,39  t CO2 e

Input per ha 

Harvestable products per ha

0,45 tep

grain

6,37 t
straw 3,53  t

3,12  t CO2e

Gross  GHG
per ton of grain 

0.43 t CO2e 

With a little more fossil energy input

-gross GHG emissions increase per ha 

- but  decrease per ton of grain



In 1950

(beginning of industrial 

agriculture)

1.83 t of grain per ha

In 1970

(middle  of  industrial 

agriculture )

3.67 t of  grain per ha 

In 2000

( optimized  industrial 

agriculture)

7.34 t of grain per ha 

In 1850

(pre-industrial 

agriculture ) 

1 t  of grain per ha  

1.5 ha

0.657 ha

0.136 ha

Evolution per ton of grain in France between 1850 and 2000

Territorial  Intensity (TI) - Fossil energy intensity –(FEI)- GHG intensity (GHI)  

per ton  of grain (at 15%moisture)

0.272 ha

Fallow

land 

Land for draught 

animals

Cultivated land

Between 1950 and  2000 

Territorial Intensity (TI)  

was divided by 4,8

Energy intensity (EI) by 

4,75 and

GHG intensity (GHG.I) 

par  1,77

0.546 ha 0.11 ha

0,5 ha1  ha

0.175 toe

0.061 toe

0.29 toe

0 toe

0.43 tCO2e

0.595  tCO2e

0.76  tCO2e

0 t CO2e



2.28 t

5.51t

11 t

1 t

In 1950

(beginning of industrial 

agriculture)

1.83 t of grain per ha

In 1970

(middle  of  industrial 

agriculture )

3.67 t of  grain per ha 

In 2000

( optimized  industrial 

agriculture)

7.34 t of grain per ha 

In 1850

(pre-industrial 

agriculture ) 

1 t  of grain per ha  

Evolution of  wheat  production on the same area 
( 1.5 ha) between 1850 and 2000



• v • v • v• v• v• v • v • v • v• v

• v

~ 49 t CO2

• v

1.5 ha

0,157 ha

Effect of deforestation on CO2

emissions  per additional ton of grain

~ 468  t CO2

0,43  CO2e per year

In 1850

(pre-industrial 

agriculture ) 

1 t  of grain per ha  

In 2000

( optimized  industrial 

agriculture)

7.34 t of grain per ha 

0 CO2e per year

In 2000 average cumulated 
emissions  per additional ton of 

grain are  lower than in 1850,  
during 974 years ! 
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Increase of wheat production in France 
between 1950 and 2000

S2000

S1950

Av. LUC

S1950 = 4,26 Mha 

( 4,94 Mha with draught animals) 

for  7,79 Mt  of grain

Real Land Use Change  between 1950 &  2000 ~ 0 
Land Use  for grain production of 2000 with of TI

1950

= 19,33 Mha

Virtuel  LUC 2000/1950

LU

S2000 = 4,82 Mha
For  35,4 Mt of  grain

Equivalent  of the 

French forest

area

~1/4 France

2/Avoided Land 
Use Change 

AvLUC 2000/1950 

~ 14,4 Mha =>

1950

2000

1/Net increase of annual energy gain

9.8 Mtoe (grain) & ~ 7,8 Mtoe (harvestable straw)
2/Avoided GHG emissions in 2000 / 1950

( only forest)  ~ 4,5 GtCO2 / (1/2 forest + ½ grassland) 2,88 GtCO2

3/ Avoided loss  of Wood or /and grass production 

3/Avoided loss 

of wood (and 

grass) 

production 



5/Evolution and Potential  
evolution  in Sub-Saharan 

Africa  
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No significant increase in yields in 

Sub-Saharan Africa since 1960. 

Sub-Saharan Africa



LUEff has increased in the world except

in Sub Saharan Africa

From IFDC 
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Between 1975  and  2000
Agricultural land increased

from 215 Mha to 338 Mha

on forest land (55%) and other land (45% ) 

=> ~  5 Mha per year

About 1 billion t of CO2 per year 
~ 1 tCO2e  per capita and per year 

~  2 times total annual emissions of France or 

Canada,  

In Africa non negligible  land 

use change
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Additionnal cultivated land on former 

forest or grassland …



Change in vegetation  
between 1990 and 2050 

if  each continent were  to 
produce  its food with the 
1990 Land Use efficiency 
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Yield of conventional 
farming in 1970  and of 
organic farming  in 2000

Cereal yield  in the World
5 t or more  

3 à  5 t 

2 à 3 t

1.5 à  2t

Less than 1.5 t

Yield change

between 

1975- 1999

Average yield of wheat per ha with conventional 
farming,  in France, between 1950 and 2000

Yield in 2000 in Sub-

Saharan Africa as low as in 

Europe in 1950
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Percentage of total staple crop - Crop 

production- Yield per ha – Total crop area 

in Sub-Saharan Africa (95% of all crops)

Maize    37% 

26 Mt   (1.25t /ha)  20.8 Mha

Sorghum     26%  

18.2 Mt   (0.82t /ha)  22.27 Mha

Millet 18,5% 

13.12 Mt   (0.66t /ha) 19.87 Mha

Rice 16,4% %

11.67 Mt (1,63t /ha) 7,16Mha

Arthur RIEDACKER SIFEE conférence à Québec Septembre 2008



Maize yields can be increased  with some 
input of  fertilizer

from IFDC 2006 



NEPAD in 2006

Abuja  recommandation 

Nr 1

50 kg per ha in 2015

instead of 8 kg 



In Europe

It is more efficient, both for increasing food production and  

mitigation, to increase yields where crop production is still low. 

In Sub-Saharan Africa

Yield change with 

50 kg additional 

fertilizer input 

Present average annual 

maize yield in Sub-Saharan  

~ 1,25t /ha
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Non sustainable agriculture 

mineral output> mineral input



Fertilizer kg per ha 

Madagascar 3,9 kg
Senegal 11 kg 
Russia 15kg
Ethiopia  19 kg
Mali  27,9 kg
Malawi 43,2 kg
US 132 kg
France  140 kg
India 157 kg
Brazil 175 kg
Germany 203 kg
Bangladesh 208 kg
Netherlands 231 kg
Japan 256 kg
China  364 kg
Egypt 636 kg

In 2013 

WB 
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In Sub-Saharan Africa

switch  from non sustainable agriculture 

to more sustainable agriculture!

• Today mining agriculture like in XIXth century in the US and 
Europe

•20 times less input  of fertilizer per ha than in Europe 
•3%  of world fertilizer consumption (versus 50% in Asia) 

•To low yields to meet the future food demand of the growing 
population

Nepad Objective (in 2006)  for 2015 !

•50 kg of fertilizer/ha instead of 8 kg/ha

•50 kg is still 4 times less than in Europe, 3 to 

4 times less than in  Asia 

2 times less the world average in 2006 ……



At the first visit of China by Nixon, in 1972, Deng 

Xiaoping asked a plant to produce nitrogen fertilizer
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India 1950 -2000
With improved seeds 

local and imported fertilizer

cereal production was multiplied by 3
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Africa has phosphate, potassium  

and natural gas to produce urea

Arthur RIEDACKER INRA  France –Conférence du  13 Juin 2007 Bamako Mali
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Numéro 80  (remis à Québec,

aux délégations des pays au 

sommet de  la Francophonie

17 au 19 Octobre  2008)
Pages 55 à 61

Avec seulement un peu plus d’énergie  on peut améliorer
la sécurité alimentaire 

dans les pays les moins avancés et limiter les augmentations de GES

Voir aussi www.sifee.org 2008 

http://www.sifee.org/


ORGANIC 

MATTER

Flyer distributed in Copenhagen in 2009

www. Institut-Oikos.org
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In 2050 

with  increasing population and 

constant consumption per capita 

In 2050 

with  increasing population 

and consumption per capita like 

in the US  

Arthur RIEDACKER SIFEE conférence à Québec Septembre 2008

Nitrogen consumption between 1995 and 2050



B

D

C

A’

A

Nous n’avons qu’une planète …..

Approche statique (par ex. consommation mondiale constante) 

Une unité de phytomasse en moins en moins en A 

=> exige de produire + 1 unité ailleurs,  en un ou plusieurs endroits, 

en A’, B , C, and or D.  ( ou de consommer moins)

Approche dynamique  (par ex. avec consommation mondiale croissante)

( par suite  croissance démographique, chocs pétrolier, changements climatique etc. ) 

Chaque unité supplémentaire devra être obtenue à partir d’un ou plusieurs 

endroits



In Berlin  2007

EU -Africa Forum 

Groups Against Green Revolution 





Producing more 

with less  !

Not the same  

everywhere.
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Change in consumption of fertilizer (NPK)  in kg per ton of 

wheat grain  in France, between 1950 and  2000.

1950      1960        2000        Evolution   2000/1950    

N        19,1*      29,27       23,8                        + 4,7 

P        40,98*    28,88         8,7                           -32,28            

K        42,62*    28,88       10,5                           -32,12

(* with 4.1kg  of N - 2.73kg of P - 4.37kg  of K from manure, per ton of grain )

In France 



Possible additional reduction  of N2O ? 

When accepting up to 10% decrease in yield, mineral

nitrogen input could be reduced by about 20 kg N per ha

(- 10 % to - 15% of present input per ha) *

e.g. 155 kg of N instead of  175  kg of N  for wheat  ? 
 Emission reduction  of 0,28 tCO2e per ha (2.2 tCO2e per ha instead  2.48 t CO2e to) 

But when considering total GHG  budget ( with the possible 
conversion of grain into heat  to replace fossil fuel**)  this can be recommended  
only  if grain yield is decreasing less than 0,224 t  per ha with a 20 kg reduction of 
N  input per ha

When  high protein content is required  it is difficult to 

decrease N input !

More information is therefore needed to assess properly the impact

of reducing  N  input on yield

** For wheat this means  a decrease of less  than 0.8 t of grain  per ha ( which when converted  into heat can replace 
0,285 toe and avoid the emission of 1t of CO2 from  fossil oil)

* In « Quelle contribution de l’agriculture française à la réduction des émissions des gaz  à effet de serre.  Potentiel 
d’action et coût de dix actions techniques. Expertise collective,  INRA, 2013  94 pages.    

In France 



In Sub-Saharan Africa 

Side event in  Copenhague  in 2009

Less of what  ?

The  Chair  of FAO had to aknowledge: 

“il n’y a  aucun doute sur le fait 
que les sols africains reçoivent 
vraiment  trop peu d’intrants”



Yield

Years

Beginning of 

change in yield

Baseline

Yield Change

between 1860 and 1950

&

between 1950 and today 

1

With yield 

increase

(e.g. Europe) 

3

With decreasing 

yield
(e.g. in somp Sub-

saharan countries

2

With  unchanged 

yield
(e.g. in Sub-Saharan Africa 



Yield

Years

1

With previous   

yield increase

(e.g. Europe) 

3

With decreasing 

yield
(e.g. in Sub-saharan 

countries

2

With  unchanged 

yield
(e.g. in Sub-Saharan Africa 

Beginning of 

change in yield

Baseline

Impact of climate change

e.g 20% decrease of  

yield

Yield Change

between 1860 and 1950

&

between 1950 and today 



Yield

Years

Increasing  yield 

per ha 

like in Europe   in 

India  etc. 

Beginning of 

change in yield

Baseline

To adapt to climate change in Sub-

Saharan Africa 

it is therefore better  first to 

increase land use efficiency and 

yield



Increasing land use efficiency with  
Maize and Peanut Intercropping   

(Adjahossou et al.) 

Energy

250 g of carbohydrate

Proteins

57 g 

Lipids 

84.5g



Maize
Peanut

Maize

T
traditional (no fertilizer  and no improved seeds)

TI capita = 0.21 ha

No fossil energy

consumption, 

TI capita = 0.05 ha

T
msf ( with  improved maize and fertilization)

Maize Peanut

TI capita = 0.06 ha 

Peanut

Food per capita/year  

Territorial (TI), Fossil energy      and GHG intensities 

1 koe

1.45  koe

10. 6 kCO2e

7. 2 kCO2e

T
intercropping (with  improved maize and fertilization)

No GHG



1,315 ha

Budget per additional annual diet 

Maize

T
traditional seeds no fertilizer 

Deforestation = 0,21 ha    

Peanut

T improved maize and  fertilizer 

Maize Peanut

TI capita = 0.06 ha 

1.45  koe

10. 6 kCO2e

Maize
Peanut

Ti  intercropping improved

maize and fertilizer

1 koe

7. 2 kCO2e

Deforestation =0,06ha

Avoided deforestation = 0,15 ha  

Deforestation =0,05ha

Avoided deforestation = 0,16 ha  

Avoided loss of annual
wood production 

Avoided loss of annual
wood production 

TI capita = 0.05 ha 

TI capita = 0.21 ha 

Additional  
annual gas 

consumption



Benin

Population

2.27 Million   in 1962

8.79 Million    in 2010

Between 21 and 28 

Million  in 2050 

(Central hypothesis  24.5 Million)

+ 15,7 Million ) 

Approximate Land use 

Agricultural land

~3,2 Mha

Maize

0.47 Mha in 1991

1,063  Mha in 2009 

Forests

~4,5 Mha



Possible change between

2010 and 2050  

With BAU 

(No fertilizer no improved maize) 

2.9 Mha

of land use 

change

=>

945 MtCO2e

Intercropping

(Improved maize + Peanut +Fertilizer)

Conversion of traditionnal

cropping to intercroping

+ fertilizer

=> No deforestation during 32 

years

And after that

20.000 ha /year of 

deforestation

 0,160 Mha => 53 MtCO2e

17.8 time less than with BAU

Difference BAU / (Intercropping + Fertilizer) in 40 years

Avoided deforestation 2,740 Mha - Avoided Emissions  842 MtCO2

- 1,42 tCO2 per additional capita per year  with intercropping and 

fertilizer



Water efficiency and 

fertilizer 



Microdoses ICRISAT Niger  

Per ha           1$ fertilizer =>  + 50 $ for farmers



Zaï pits  to retain water



(with a base avec fertilization of 30 kg/ha  of Tri Superphosphate)  

Effect of zaï pits  and nitrogen input on  grain  
yields of beans in Ethiopia

Tilahn Amede
et al. (2011)



N and P are  often limiting factors in semi 
arid  regions. 



Agroforestry 

Irrigated and fertilized 

wheat  field in 

Rajasthan 

+ Pruned Prosopis

for Nitrogen, Fooder & Firewood





More  on 
www.oikos-institut.org

SILVA 

Trees – forests and 
Societies

Thank You 

CEFORID

Benin 

http://www.oikos-institut.org/

