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▪ Why an offtake model? 

● Current fertiliser recommendations: old, variability among countries and 

regions, lack of scientific rationale. 

● Methods: ambiguous interpretations, variability on sampling.

▪ Aim: To calculate the quantities of nutrients (N, P and K) required to replace those 

removed by the crop through the removal of pods and immobilisation in vegetative 

tissues.

An offtake model approach
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▪ Nutrient concentration in tissues is constant.

▪ Nutrients immobilised in the wood (i.e. no re-allocation takes place 

and the nutrient concentration in the wood is constant).

▪ Leaf biomass increases over the first 10 years. 

▪ Nutrients in pod husk are removed from the field.

▪ Nutrient recovery efficiency is constant over time.

▪ The outcome of the model does not considered nutrients available 

from the soil or losses. 

Assumptions
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▪ Tree age -> wood and leaf biomass increase 

▪ Target yield (expected)

▪ Cocoa organs -> wood, leaves, cocoa pods and beans

▪ Nutrient concentration in tissues -> (Calvo-Romero, 2018; Hartemink, 2005; Nijhof, 1987)

▪ Nutrient recovery efficiency -> expert opinion

▪ Other nutrient inputs and losses and soil supply 

Parameters
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Calculation of nutrient offtake/immobilisation
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The sum of each offtake/immobilisation gives the total nutrient offtake expressed
in kg ha-1 year-1 for N, P and K



Calculation of nutrient requirement
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Modified rates of P for 
high cocoa yields

For each additional 1 
ton of dry beans ha-1 yr-

1, an additional 8 kg of P 
ha-1 yr-1 is added.



Model application: Satellite trials
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National fertilizer recommendations vs offtake 

model
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Yield assessment
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Yield assessment
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Predicted bean yield in Cameroon, Cote d’Ivoire, Ghana and Nigeria by Treatment. The average LSD (Aveg.LSD) bar 
indicates significant differences among treatments within countries. 

A positive overall yield 
effect of T4 over T3; 
however, the difference was 
significant only in Cote 
d’Ivoire. 



Economic assessment
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The large differences in profitability among countries and 
treatments follow the differences in yields among countries and 
the high cost of fertiliser. 



▪ Biomass accumulation: include different growing scenarios (planting 

density, shade level, management practices, etc.)

▪ Nutrient concentration in tree components: include tree dynamics 

(age, management)

▪ Nutrient recovery efficiency: short and long-term nutrient efficiency 

in cocoa. 

▪ Available soil pools, and nutrient losses. 

Points to improve in the offtake model
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▪ Fertiliser application positively impacts cocoa yield; however, responses are still 

poorly understood. 

▪ An offtake model approach could provide a more accurate approximation of cocoa’s 

nutrient needs .

▪ Achieving higher yields will not depend only on improving fertilizer 

recommendations.

▪ Fluctuating net returns in the face of varying and low cocoa prices and increased 

fertiliser costs have a great impact on profitability.

▪ Low capacity to invest in fertiliser while cocoa farm gate prices remain low.

Conclusions 

13



Acknowledgments

14

▪ NORAD (funding)

▪ Company partners

▪ National partners (CNRA Côte d’Ivoire, CRIG Ghana, CRIN 

Nigeria, IRAD Cameroon)

▪ IITA partners

▪ Farmers



Thank you!

Questions?
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