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Soil fertility management: Outline of Presentation

• Nutrition of the cocoa tree

• What are the soil test results showing for Dominica? 

• Considerations for Integrated Soil Fertility Management (ISFM)

• Options for using Lime and Fertilisers in cocoa



Minerals required by the 
Cacao tree:

Primary nutrients
Nitrogen (N) 
Phosphorous (P) 
Potassium (K)

Secondary nutrients
Calcium (Ca)
Magnesium (Mg)
Sulfur (S)

Micro nutrients
Boron (B)
Zinc (Zn)
Manganese (Mn)
Copper (Cu)
Iron (Fe)

Carbon
Hydrogen
Oxygen

Enabling Soil Environment
pH
Base saturation
Cation Exchange Capacity
Organic matter
Soil particles
Air and water
Soil organisms



1. Vegetative growth to
pre flowering

2. After flowering to cherelle
formation

Stages of Growth of the
Cocoa Tree



4. Post harvest 

3. Pod growth and expansion

Stages of Growth 
of the Cocoa Tree



Stages of Growth  

1. Vegetative growth to pre flowering :     - Nitrogen, Phosphorous and Potash (NPK)
- Calcium, Magnesium, Sulfur (Boost leaf and root growth)
- Boron and Zinc (maximise flowering and fruit set)

2. Post flowering to cherelle formation:   - NPK
- Calcium and Boron (minimise cherelle wilt)
- Magnesium (boost chlorophyll and nitrogen uptake)

3. Pod growth and expansion: - Nitrogen and Potash (maintenance and bean filling and quality)
- Calcium and Boron (maintenance of the pod)

4. Post harvest :          - NPK (build nutrient stocks and support new leaf flushes)

Minerals required and function



Nutrient requirement for cocoa trees
(kg/ha)

Growth
Stage

Nitrogen
(N)

Phosphorous
(P)

Potash
(K)

Magnesium
(Mg)

Calcium
(Ca)

Trace
Elements

5 to 7 year
old trees

1100 trees
Per hectare

450 115 788 220 540 Boron
Manganese
Zinc
Iron
Copper



Nutrient removal (kg) of 1 ton/ha dry beans 
with 1.4 ton/ha husks

BEANS HUSKS TOTAL

N P K N P K N P K Ca Mg

19 10 13 15 4.5 75 34 14.5 88 11 11



Desirable soil properties

• Good  Root Room: 

Top  3 to 4 feet of soil must allow for  growth of tap root

80 % of feeder roots in top 2 feet of the soil

• Nutrient supply:  

pH >6.0  

High values for nitrogen, potassium  available phosphorous, 

calcium and  magnesium 

• Good internal drainage

• Absence of harmful factors:  Heavy metals eg cadmium and lead



Soil formation in Dominica

• Soils developed from volcanic materials:

- Basaltic lava flows eg. Red and brown soils

- Basic fragmentary pyroclastic eg. Yellow earth soils

- Cemented fine grain ash eg. Dark coloured soils

• Several orders are formed: Mollisols, Vertisols, Alfisols and Andisols

• Andisols formed from ash/agglomerates have good physical 
properties, but can be nutrient poor from leaching if they occur in 
high rainfall areas. Usually they are enriched from volcanic ash.

(Source: Ahamad 2011)



Soil Type %

Shallow soils over volcanic materials 32

Deep allophanic and kaolinitic clays 51

Montmorillonitic clay/silica pan; shallow 
shoal soils

9

Deep sandy soils/volcanic pyroclasts 6

Alluvial soils 1

Other soils 1

Source (Lang, 1983)

Soils of Dominica



28% of soils are sand loams



Results for pH, CEC, OM and soluble salts

Factor Optimum range Range in soil over 14 
districts

(0 – 15 cm)*

Status

pH 5.5 – 6.5 4.5 – 7.4 Very adequate in all districts

Cation Exchange 
Capacity (CEC) 
(meq/100cm³)
*(15 – 30cm)

<5  (sandy soils) and 
>5  (loam, clay soils)

1.7 – 31.5

Organic matter   (%) ≥ 3% 0.5 – 4.7 Generally low

Soluble salts
(ppm)

<1250 25 - 404 Suitable for all farms



Results for calcium, magnesium and potassium

Nutrient
(meq/100cm³)

Optimum range
(Quoted for sandy 

soils)

Range in soil over 14 districts
(0 – 15 cm)

Status

Calcium (Ca) 1.5 – 10 (sandy soil)

4.1 – 24  (loam and 
clay soils)

1.2 to 29.3 Borderline in some

Adequate in others

Magnesium (Mg) 0.81 – 10 0.2 to 2.1 Either very low or low in  
districts

Potassium (K) 0.41 – 3 0.06  to 0.15 Very low in all districts



Results for nitrogen, phosphorous and sulphur

Nutrient
(ug/cm³)

Optimum range Range in soil over 14 
districts

(0 – 15 cm)

Status

Nitrogen (N) 101 - 300 3.75  – 9.0 Very low in all districts

Phosphorous (P) 25 - 200 7.0 - 27 Very low in all districts

Sulphur (S) 25 - 200 46 - 135.4 Very adequate



Results for micronutrients

Micronutrient
(ug/cm³)

Optimum range Range in soil over 14 
districts

(0 – 15 cm)

Status

Boron (B) 0.61 – 8.0 0.32  - 1.04 Low in some
Borderline in most

Zinc (Zn) 3.1 - 30 1.5 – 29.8 Low/Borderline in some 
farms

Adequate in all others

Manganese (Mn) 6.1 - 150 53.48 - 118 Very adequate

Copper and Iron Some cases of low copper 
and iron



Average Levels of P, Ca, Mg, B and Zn at two soil depths 
for Dominica

Nutrient 0  - 15 cm 15  - 30 cm Optimum range

Phosphorous 
µg/cm³

16.3 10.1 25 - 150

Calcium 
meq/100cm³

4.8 4.3 1.5 - 10

Magnesium 
meq/100cm³

0.63 0.58 0.81  - 5 

Boron
µg/cm³

0.63 0.69 0.61  - 8

Zinc
µg/cm³

5.71 7.08 3.1 - 30





Fertility status of Dominica cacao soils : Nitrogen

• All samples were very low in Nitrogen

• Nitrogen is the key nutrient in tree 

growth and productivity

N Deficiency symptom……………….



Fertility status of Dominica cacao soils : Potash

All samples were very low in 
Potash 

Potassium is critical for good 
flowering and bearing

K deficiency symptom



Fertility status of Dominica cacao soils : 
Phosphorous

All samples were low in P 
content 

Phosphorous is important 
for root and shoot growth, 
also for the formation of 
flowers and cherelles

P deficiency symptom……. 



Fertility status : Boron

• Most soil samples were borderline in Boron.

• Cocoa has a high demand for Boron

(25 ppm in the leaves)

• Adequate Boron enhances flowering, fruit

set and disease resistance

Boron deficiency……..



Fertility status : Magnesium

Samples were low and very low in Mg

• Veins remain green

• Symptoms on older leaves

• Good magnesium levels required

for boosting leaf growth and for

trees to tolerate higher levels of

sunlight 



Integrated Soil Fertility Management (ISFM)

• Definition

Soil fertility management is a set of good agricultural practices (GAPs) 
to maximise the use of nutrients and water in order to achieve:

o Higher and better yield productivity in cocoa

o Better bean quality (size, flavour, butter fat and nutrient content) 

o Greater tolerance to diseases and climate changes

o Better soil sustainability- fertility, health, structure, conservation

Four categories of ISFM practices are identified: ……………..Next slides



Categories of ISFM
1. Improvement from organic additions

a. Addition of any available manures and compost

b. Repeated use of mulches 

c. Build the leaf litter layer

d. Redistribution of pod shells, pruned materials

2. Field Practices

a.  Soil and water conservation

b.  Adjust to higher planting densities to

achieve early closing and uniform 

spread of the cocoa canopy

c.  Use of grafted/seedling trees

with taproots to access P from 

the lower horizons

d. Field drainage

e. Minimise leaching



Dry rotting pod shells 

Well rotted poultry litter manure





Soil conservation practices re soil slopes

Slope degree Cocoa cropping system Soil conservation measures

4 to 10 Cocoa plus bananas plus short crops Contour drains, vegetative barriers, soil cover

10 to 20 Cocoa plus fruit trees Storm water diversion, hillside ditches, heavy 
mulches-soil cover

20 to 30 Cocoa agroforestry (timber and 
fruits)

Hedgerow establishment, contour terracing



Oblong closed pits can be dug at 
intervals, sited at right angles to the 
steepest slopes.

They should be between 30 to 40 
cm wide, 50 to 60 cm deep and a 
few metres long.

The pits are cleaned out at the end 
of the rainy season, using the soil 
filling to make organic manure. 

Other options: Live hedges or plant 
barriers

Pit digging to conserve soils on slopes



Categories of ISFM…..con’td

3. Use of limestone

- Be guided by a soil test report

- Use dolomitic limestone -50% Ca/40% Mg

- A beneficial practice is to apply 1 to 3kg dolomite/tree/yr

4. Use of Inorganic fertilisers

- Feasible option for quick results

- An NPK formulation supplying all of the K and P requirement, some  

of the N together with Nitrabor (N, Ca, B). 

1 to 2 kg NPK/tree + 0.5 kg  Nitrabor



Five year average cocoa yield (Colombia)

Treatments (kg/ha) Yield of dry 
beans     

(kg/ha)
N             P₂O₅ K₂O

Control¹ 562

50 90 50 560

100 90 50 574

150 90 50 572

50 90 100 601

100 90 100 650

150 90 100 943

50 90 200 819

100 90 200 1051

150 90 200 1160

¹2 kg chicken manure/tree.
All treatments received 200 g dolomite/tree

Average soil test levels of plots where the highest yields were obtained 
over a five year period. (Colombia)

Year of 
study

OM
%

P
ppm

Al K Ca Mg

pH meq/100 g of soil

1 4.6 9.2 10 2.9 0.12 0.6 0.11

3 5.0 9.7 12 2.4 0.21 0.75 0.19

5 5.6 10.8 15 2.1 0.31 1.01 0.26

Source: Uribe et al, Better Crops International. Vol 15 No 2, Nov 2001

Results from using fertilisers



Fertiliser options
• Ensure fertilisers are free of cadmium

• Nitrabor: 15%N- 18%Ca-25%CaO + 0.3%Boron

• Yara MILA NPK: 12-11-18 + 2.6Mg + B+ Zn+ Fe+ Mn

• Yara RAFOS: NPK: 12-24-12 + Mg + S + Zn

• NPK 16-8-24 + S

• NPK 15-5-20 + 2Mg + 11S +TE

• SPEED NPK 13-12-34 + S + Zn



Soil Scientist general recommendations for Dominica

• Nutrients and rates required to correct deficits:

- 155 lbs N per acre…………… example: 336 lbs urea (46% N)

- 220 lbs P₂O₅ per acre…………example: 478 lbs Triple Super Phosphate (46% P)

- 220 lbs K₂O per acre………..example: 440 lbs Muriate of Potash (50% K)

- Calcium ranged from 100 – 900 lbs/acre

- Magnesium ranged from 250 – 500 lbs/acre OR SOMETIMES

Dolomite at 2000+lbs per acre

- Boron: 0.5 to 1 lb per acre

- Zinc: 2- 6 lbs per acre



Source: IPNI

Guide to best use of fertilisers



Before using fertilisers…………..ENSURE

• Cocoa trees are pruned: 

short and compact

• Drainage is adequate

• Cocoa trees are receiving 

75% sunlight

• Acidic soils are corrected



Sandy soils with low CEC

• Leaching of cations ( Ca, Mg, K, NH4) can easily occur

• Best way to correct is to incorporate humus and manures, this will 
raise the CEC values

• Use of fertilisers: more split applications and timing re rainfall pattern



Using fertilisers

• Type(s) and Amount of fertiliser to apply: based on soil test results

• Timing of applications: prior to rainy season; petit careme

• Number of applications: Split 2 or 3 times. For K even more times

• Method of application: Below the soil surface



Rate of Movement of NPK elements in the soil

Phosphorous (P)

Potash(K)

Nitrogen (N)

Soil Level



Applying fertilizer in 1 of 4 spaced holes around the cocoa tree



Recommendations: Way forward

• Education of farmers/stakeholders on good cocoa soil management

• Start a national campaign to restore soil fertility for cocoa soils

• Develop composting systems using cut vegetation/crop 
residues/animal wastes etc.

• Look into the development of biofertilisers

• Actions to minimize soil erosion and leaching of nutrients

• Establish Demo- fertility trials in strategic districts for a 5-yr period 
using different ISFM treatments to satisfy nutrient deficits



THANK YOU

QUESTIONS?


