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Abstract 

Cocoa farms loss lots of nutrients through pod 

harvest which are not replaced through fertilizer 

application. Thus the soils are much depleted in 

nutrients leading to low yields. Inorganic fertilizers 
are expensive and above the reach of most small 

scale farmers. There is thus the need for cheap 

sources of soil amendments. Biochar was produced 

from cocoa pod husks at 3 different pyrolysis 

temperatures (300 °C for 2 hours, 350 °C for 3 hours 

and 400 °C for 2 hours). Compost manure was also 

produced using cocoa pod husk, poultry litter and 

Pureria. The samples produced were characterized 

for pH, and total elements. The biochar and compost 

manure produced from cocoa pod husks were found 

to possess alkaline properties. Most elements 

increased in quantity with pyrolysis temperature. 
Compost manure presented the highest nutrient 

values compared to the different biochars however, 

both compost and biochar presented properties that 

made them suitable as soil amendments. 
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1. Introduction 

Cocoa based small scale agriculture is an important 
income source for many families in the humid zone 

of West and Central Africa, in which forest trees 

provide shade and other environmental services as 

well as marketable products (Duguma et al., 2001). 

Cocoa yields are usually low (Baah et al., 2011) due 

to low soil fertility and disease (Adejumo, 2005). 

This results in food insecurity, hunger and extreme 

poverty among smallholder farmers who depend on 

agriculture to make a living and feed their families. 

Nutrients are being ‘mined’ through pod harvest 

without replacement in the form of fertilizer 

application. Chemical fertilizers are scarce, costly 

and beyond the reach of small scale farmers.  

In cocoa fruits only about 10 % of cocoa pod is 

currently valuable as this is the percentage occupied 

by the bean (Amos and Thompson, 2015). Each ton 
of dry beans produced results in the production of 10 

tons of cocoa pod husk (Khanahmadi et al., 2014). 

When these cocoa pod husks are left in farms, they 

act as a source of inoculum for the Phytophthora 

which is the causal agent for the black pod disease 

(Barazarte et al., 2008; Donkoh et al., 1991; Figueira 

et al., 1993; Kalvatchev et al., 1998). Black pod 

disease can reduce cocoa yields up to 90 % if left 

untreated. In a study carried out on the effect of heat 

on fungi (Michailides et al., 1988), it was found that 

fungi are sensitive to extreme temperatures as heat 

can be lethal to their survival. 
Crop wastes such as spent grain and cocoa husk 

combined with poultry, cow and goat manures were 

effective in increasing nitrogen and potassium 

concentrations, growth and fruit yield of tomato 

significantly (Ojeniyi, 2007).  It has been advised 

that the cocoa pod husk be burnt to serve as farm 

sanitation and reduce the incidence of Phytophtora 

which is the causal agent of blackpod disease of 

cocoa. Burning of cocoa husk also reduces its C/N 

ratio and therefore enhances its early mineralization. 

Cocoa pod ash is rich in K and Ca (Ayeni, 2008). 
Cocoa pod husks can be used as a compost or mulch 

if left to rot in the fields on cocoa farms where they 

recycle nutrients back into the soil as manure and 

also serve as a breeding ground for midges. 

Cocoa pod husk can be converted to biochar which is 

the carbonaceous solid residue obtained upon heating 

biomass under oxygen-deficient conditions. It has a 

potential as a nutrient recycler, soil conditioner, 

income generator, waste management system, and 

agent for long-term, safe and economical carbon 
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sequestration (Brewer, 2012). Biochar has been used 

as soil amendment to improve soil structures and 

fertility qualities (Glaser et al., 2002; Atkinson et al., 

2010). 

Converting cocoa pod husk into compost manure and 

biochar will disinfect the husk during production at 
high temperatures (Nde, 2015) thus reducing the 

inoculum levels of the pathogen in the fields as well 

as provide a source of nutrient for the plants.   

The objective of this work was to produce compost 

manure and biochar from cocoa pod husk and 

characterize these products for potential application. 

2. Materials and methods 

Materials: Cocoa pod husk, poultry manure and 

grasses were used for the preparation of the compost 

manure and biochar was made from only cocoa pod 

husk. A kiln made of a metallic drum was used for 

biochar production. 

2.1 Preparation of biochar from cocoa pod 
husks 

Cocoa pod husk were collected from farmers` fields 

and dried. The production of biochar from cocoa pod 

husks was carried out at the Institute of Agricultural 
Research for Development (IRAD) Ekona in 

Cameroon using a muffle furnace. The dried cocoa 

pod husks were placed in the muffle furnace for 

burning in the presence of limited oxygen (the vent 

of the muffle furnace was closed). The first set was 

pyrolysed at 300 °C for 2 hours (300/2hrs), the 

second at 350 °C for 3 hours (350/3hrs) and the third, 

at 400 °C for 2 hours (400/2hrs). 

2.2 Production of compost manure from cocoa 
pod husk 

Pureria phaseoids and cocoa pod husk were shredded 
into tiny pieces. Using a balance, the shredded cocoa 

pod husk, chopped grass and poultry droppings were 

weighed in the ratio 2:2:1 respectively. The various 

weighed components were mixed thoroughly and 

mounted into a heap. A hand full of wood ash was 

sprinkled over the heap. The heap was covered with 

polythene sheets. The temperature of the heap was 

monitored using a thermometer and the heap was 

turned every two weeks using a spade. The compost 

was ready after twelve weeks and the well-

decomposed compost was spread on concrete floor 
and allowed to dry prior to analysis. 

 

2.3 Characterization of biochar and compost 

manure produced from cocoa pod husks 

The pyrolysed cocoa pod husks and compost manure 

were characterized at the University of Florida in the 

Agricultural and Biological Engineering laboratory 

for pH, Cation Exchange Capacity (CEC), surface 

area (only for biochar) and elemental composition. 

 
2.3.1 pH 

The pH was measured using a pH meter 

(Accumet Basic AB 15/15+), a shaker, a 
deionizer, an electronic balance, test tubes and 

water. 1g of each sample was put in different 

test tubes and 200 ml of deionized water was 
added into the plastic test tubes containing the 

samples. The test tubes were firmly closed and 

placed on a shaker (New Brunswick Scientific 

shaker) for 1 hour. After shaking, they were 
allowed to settle for 45 minutes and the pH was 

read from the supernatant. 

 
2.3.2 Elemental analysis 

The inductively coupled plasma optical emission 

spectroscopy was used for the determination of the 

elemental composition of the samples. For the 

determination of the total amounts of each micro- 

and macro- element in the samples, the samples were 

completely charred at 550 °C for 5 hours. Each 

sample was measured, making sure that the mass was 

in the interval of 0.1 g to 0.2 g. 1 ml of concentrated 
hydrochloric acid (HCl) was added and left to 

dissolve. To these, 19 ml of deionized water was 

added and then filtered to remove all the particles 

present. Each sample was then ionized with 

inductively coupled plasma and then a mass 

spectrometer was used to separate and quantify those 

ions. 

For the determination of carbon (C) and nitrogen (N), 

a TruSpec CHN (Manufacturer Leco) was used. The 

sample was pre-dried, crushed and placed into a tin 

capsule. The capsule was then closed and put into the 
TruSpec CHN for measurement. 

3. Results and discussion 

3.1 pH 

The pH values for biochar and compost manure 
revealed an alkaline property with pH ranging from 

9.54 to 9.80 and 8.65 respectively. This was 

observed to be a common property for thermally 

produced biochars (Lehmann and Joseph, 2009). 

These high pH values are also in accordance with 

findings made in a study (Mukherjee et al., 2014) 

which explained that newly made biochars at high 
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temperatures have high pH values. Increasing the 

pyrolysis temperature from 300 °C to 400 °C for 2 

hours resulted in an increase in the pH value of 

biochar as seen in Table 1. This was in accordance 

with another finding (Wang et al., 2015) where it 

was explained that this pH rise is due to the fact that 
pyrolysis temperatures can result in the increase of 

the percentage of alkaline cations such as Ca2+, 

Mg2+, and K+. Another explanation to this rise in 

pH could be the fact that, at high temperatures the 

ash content of biochar is increased. The ash content 

of biochar has been found to be directly proportional 

to its pH due to the fact that at higher pyrolysis 

temperatures the carboxyl groups are reduced and/or 

the acidic groups become deprotonated to the 

conjugate bases resulting in a more alkaline pH of 

the biochar (Ronsse, 2013). The increase in the pH of 

biochar with temperature was also attributed to the 
dissociation of Alkaline and Alkali Earth Metallic 

(AAEM) species and the formation and deposition of 

alkaline carbonates on char surfaces (McKendry, 

2002). This rise in pH with pyrolysis temperature 

was also explained as being the result of the 

continuous rearrangement of functional compounds 

released under lower temperatures that scissor the 

carbonyl group thus deactivating organic acids and 

increasing the pH values of the biochar (Twidell, 

1998). The pH value however dropped at higher 

pyrolysis residence time (350 °C for 3 hours), 
contrary to other findings made (Ronsse et al., 2011) 

in which the pH of biochar was found to increase 

with increasing pyrolysis temperature and residence 

time. 
 

Table 1 : pH of samples 

 

Sample code pH 

300/2hr 9.62 

350/3hr 9.54 

400/2hr 9.80 

Compost 

manure 

8.65 

 

 

The pH of the compost manure was within the 

alkaline range (table 1).  The high pH values for the 
studied samples showed that they could be very 

useful for liming of acidic soils. Using biochar and 

compost manure produced from cocoa pod husks to 

lime the soils could result in increased microbial 

activities in the soil resulting in increased 

fertilization due to the decomposition of Soil Organic 

Matter (SOM) by these microbes (McElligott, 2011).  

Biochars with high pH are useful in immobilizing 

metals, especially in acid soils where they have been 

found to be generally more soluble (Novak et al., 

2009) thus useful in soil remediation. The high CEC 

of biochar produced from cocoa pod husks makes it 

useful in the remediation of heavy metals through the 

exchange of these heavy metals with the cations 

associated to the biochar (Lu et al., 2012; Uchimiya 
et al., 2011c). Biochar remove heavy metals from 

soils through the formation of complexes with the 

metal ions on their surfaces (Beesley et al., 2011) 

4 Elemental Composition 

4.1 Macro-elements 

The biochar produced was found to have high 

amounts of primary macro-elements with a K content 

ranging from 341.54 mg/L to 1497.75mg/L, Mg 
content ranging from 25.38 mg/L to 80.07mg/L and 

Ca content ranging from 28.34 mg/L to 82.50 mg/L. 

The concentrations of Ca, Na, K, P and Mg were 

found to increase with pyrolysis temperature as seen 

in table 3 below. This was in accordance with 

previous findings (Wenchuan et al., 2014). The 

increase in the concentrations of Ca, Na, K and Mg 

was explained as being a result of the accumulation 

of alkaline salts during pyrolysis (Ding et al., 2014). 

Increasing the pyrolysis temperature from 300 °C to 

350 °C as well as the pyrolysis residence time from 2 

hours to 3 hours, resulted in an increase in the 
concentrations of Ca, Na, K, P and Mg.  The K and 

Mg concentrations were found to be higher at 350 °C 

for 3 hours than at 400 °C for 2 hours.  

For the produced compost manure, the macro 

elements were far higher than for biochar (Table 2). 

This is attributed to the fact that in addition to the 

cocoa pod husk, poultry litter and pureria grass were 

added for the production of the compost manure thus 

making it much richer. This was similar to an 

observation made in comparing sunflower compost 

(richer than) sunflower biochar (Adejumo et al., 
2015). 

 
Table 2 : Macro-elements in biochar and compost manure 

 

Sample 

code 

Ca 

(mg/L) 

Mg 

(mg/L) 

K  

(mg/L) 

P  

(mg/L) 

300/2hrs 28.34 25.38 341.54   26.89 

350/3hrs 82.50 80.07 1453.51 70.93 

400/2hrs 74.80 79.61 1497.75 80.10 

Compost  608.54 463.15 2581.91 1286.52 
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4.2 Micro-elements 

The elemental analysis revealed that at the same 

pyrolysis residence time, all the micro-elements in 

the samples increased with pyrolysis temperature. 

The increase in the Fe content observed was in 

accordance with previous findings (Wenchuan et al., 

2014) and was explained as being a result of 

accumulation of alkaline salts during pyrolysis (Ding 

et al., 2014). The highest increase was observed in 

Cu which went from 1.66 mg/L to 5.26 mg/L. as 

seen in Table 3. In a whole, the micro elements in 
compost were by far higher than those in the biochar. 
 

Table 3 : Micro-elements in biochar 

 

Sample 

code 

Al 

(mg/L

) 

Fe 

(mg/L

) 

Mn 

(mg/L

) 

Zn 

(mg/L

) 

Cu 

(mg/L

) 

B 

(mg/L

) 

300/2hr

s 
1.29 1.32 1.04 0.63 1.66 1.02 

350/3hr

s 
2.94 2.52 2.55 1.08 0.93 1.58 

400/2hr

s 
1.34 1.38 3.09 0.99 5.26 1.15 

Compo

st 
27.35 10.34 

185.8

0 
7.15 0.71 1.31 

 

4.3 Carbon (C) and nitrogen (N) 

 

The CN analysis indicated that the biochar 
samples prepared in this work are carbon 

rich with the carbon ranging from 39.95 % 

to 57.89 %. However, the N was found to be 

in low concentrations, ranging from 0.66 % 
to 1.03 % (table 4) in conformity with other 

findings (Uchimya et al., 2011). Pyrolysis 

temperature during biochar production 
showed little effects on the C and N 

variations as their concentrations remained 

almost unchanged. Contrarily to other 
findings (Sun et al., 2014), when the 

pyrolysis temperature increased from 

300 °C to 400 °C, the C content of the 

biochar was found to decrease from 
57.89 % to 52.27 %. The decrease in C 

content with increasing pyrolysis 

temperatures could be explained by an 
accelerated biomass decomposition and 

organic volatilization, as higher temperature 

biochars contain more non-volatile elements 
than the low temperature ones (Garcia et al., 

2014). The nitrogen content in cocoa pod 

husk compost manure was high but its 

carbon content was low (21.23%). 
 

Table 4 : C and N in cocoa pod husk biochar and manure 

 

Sample 

code 

N % C % 

300/2hrs 1.03 57.89 

400/2hrs 0.95 52.27 

350/3hrs 0.66 39.95 

Compost 2.10 21.23 

 

5. Conclusion 

Generally, the biochar produced from cocoa pod 

husks was found to have characteristics which were 
affected by pyrolysis conditions, namely, pyrolysis 

temperature as well as the residence time. The 

biochar and compost were found to be alkaline in 

nature thus making them very suitable as a soil 

amendment especially in acidic tropical soils. Their 

high micro and macro nutrient levels make them 

suitable for crop fertilization. Above all it is a very 

cheap source of manure and the technique is not 

difficult for farmers to understand.  
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