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An investigation was carried out to evaluate the potentials of cocoa pod husk ash (CPHA) as fertilizer 
and liming materials on nutrient uptake and growth performance of cocoa (Theobroma cacao) seedlings 
in the nursery. Eight treatments: 5t/ha CPHA (6.25g), 10 t/ha CPHA (12.5g), 15t/ ha CPHA (18.75g), 20t/ha 
CPHA (25g), 25t/ha CPHA (31.25g), 30t/ha CPHA (37.5g), 400 kg/ha urea (0.6g) per 2.5g of soil filled 
polythene bags replicated three times, and a control (no fertilizer, no manure) were arranged in 
completely randomized design (CRD).  The results showed that the cocoa pod husk ash increased 
significantly (P<0.05) the plant height, stem diameter, number of leaves, leaf area, number of branches, 
root and shoot lengths, root and shoot fresh weights, root and shoot dry weights, N, P, K, Ca, Mg of soil 
and leaf, soil pH and organic matter contents of cocoa seedlings relative to the control treatment. 25 
t/ha CPHA increased the soil pH, soil organic carbon, organic matter, P, K, Mg, Na, and Ca by 40%, 41%, 
48%, 56% 58%, 42%, 14% and 39% respectively with exception of soil N compared to urea fertilizer 
treatment. 25 t/ha CPHA increased significantly (P<0.05) soil, leaf nutrient uptake and morphological 
growth of cocoa seedlings compared to other levels of CPHA treatments. 25t/ha CPHA also increased 
soil pH, organic matter, N, P, K, Na, Mg, Ca by 46%, 83%, 29%, 70%, 59%, 3%, 29%, 43% respectively 
compared to the control. Again 25t/ha CPHA treatment increased the plant height, stem diameter, leaf 
area, number of leaves, number of branches, root and shoot lengths, fresh and dry root weights, fresh 
and dry shoot weights of cocoa seedlings by 30%, 54%, 71%, 63%, 98%, 84%, 25%, 56%, 57%, 83% and 
80% respectively compared to the control. When compared with urea fertilizer treatment, 25t/ha CPHA 
increased the plant height, stem diameter, leaf area, number of leaves, number of branches, root and 
shoot lengths, fresh and dry root weights, fresh and dry shoot weights of cocoa seedlings by 4%, 37%, 
60%, 43%, 72%, 47%, 55%, 16%, 14%, 39% and 32% respectively. Generally cocoa pod ash applied at 25 
tons/ha was the most effective treatment improving cocoa growth and yield parameters, soil chemical 
composition. 
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INTRODUCTION 
 
Cocoa (Theobroma cacao) is produced in 14 States in 
Nigeria and its importance in Nigeria economy cannot  be  
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over-emphasized. Cocoa remains the highest foreign 
exchange earner of all agricultural export crops which the  
Structural Adjustment Programme (SAP) sought to 
promote as a development policy objective in Nigeria 
(Tijani et al., 2001). Cocoa exports have been and will 
continue to be a significant factor in the economic  growth  
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of Nigeria. Unfortunately, Nigeria Cocoa output has 
declined from over 300,000 tonnes to 155,000 tonnes 
with average annual growth rates declining by 8.3% 
during 1992 – 1996 periods (Daramola, 2004). One of the 
factors responsible for this decline was the fact that most 
soils in Southern Nigeria, where cocoa is mostly grown, 
and in parts of the humid tropics are acidic due to nature 
of their parent materials, high rainfall regime and intensity 
and associated leaching of nutrients and weathering.  
These soils are often deficient in essential plant nutrients 
due to continuous cropping without application of 
fertilizers. 

There is therefore the need for sustainable liming and 
fertilizers application programme. The scarcity and high 
cost of these materials led to intensification of research 
into low-cost, internally sourced, affordable toxicologically 
safe, environmentally friendly and adoptable organic 
sources that could serve as liming agents and fertilizers 
for organic cocoa production. Cocoa pod husk is an 
organic source of fertilizer in Nigeria with about 800,000 
tonnes generated annually and is often wasted. It is 
advised that the husk be burnt into ash as a method of 
farm sanitation and for the control of black pod disease 
since the pod harbors Phytophthora spp, the causal 
fungus of the disease. Currently, there is a scarcity of 
reported cases on use of cocoa pod husk ash in plant 
nutrition ((Ayeni et al., 2008). Plant derived ash, as liming 
materials have been found to increase soil pH and maize 
yield (Ayeni et al., 2008). Several studies  carried out in 
parts of Africa revealed  that plant drive ash including 
those of wood and cocoa pod husk increased  N, P, K, 
Ca, Mg, status of soil, soil pH and yield of vegetables, 
rice, millet and maize (Ojeniyi et al., 2002; Ojeniyi and 
Adejobi , 2002; Owolabi et al., 2003; Odedina et al., 
2003). Also acidity is one the most yield - limiting factors 
for crop production. Land area affected by acidity is 
estimated at 4 billion hectares, representing 30% of the 
total ice-free land area of the world (Summer, and Noble, 
2003). So, liming is an important practice to achieve 
optimum yield of all crops grown on acid soils and its 
success is well documented (Scott et al., 2001). 
Application of organic residues as liming materials at an 
appropriate rate, which brought about several chemical 
and biological changes in the soil to improve crop yield 
on acid soils has been reported (Fageria and Baligar, 
2008). Again, addition of organic manures such as plant 
and animal wastes to acid soils has shown to increase 
soil pH, decrease Al saturation, and there by improve 
conditions for plants growth (Messiaen, 1992; Walkley, 
and Black, 1934). Murphy and Riley (1962) reported that 
crop residues of wheat, corn, and 20 plant species 
utilized as green manure increased soil pH and 
decreased Al content of the soil. However, the potential 
of cocoa pod husk ash (CPHA) as a liming and fertilizing 
material on cocoa has not been adequately investigated. 

This research was undertaken to study the comparative  

 
 
 
 
effect of organically sourced cocoa pod husk ash (CPHA) 
and urea fertilizer application on soil properties and 
growth performance of cocoa seedlings. 
 
 
MATERIALS AND METHODS 
 
Experimental location 
 
The trial was conducted at the experimental plot of the 
Cocoa Research Institute of Nigeria (CRIN). Ibadan, on 
latitude 07

o
 10´ E and longitude 03

o
 52´ E in the humid 

tropical and rainforest zone of Nigeria. The rainfall is 
between 1200 – 1500mm per annum and a daily average 
temperature of 30.1

o
C. 

 
 
Pre-planting 
 
Soil sampling and analysis: Soil samples (sand loam) 
used in the experiment were randomly collected from 0-
15cm depth, mixed thoroughly and the bulked sample 
was taken to the laboratory, air- dried and sieved to pass 
through a 2mm screen for analysis. The soil pH (1:1 soil 
/water) was read on the pH meter. Organic matter was 
determined by the wet oxidation method (A.O.A.C. 1970). 
Soil P was extracted by the Bray PI extracted and 
measured by the Murphy blue coloration and determined 
on a spectronic 20 at 882um (Jackson, 1965). Soil K, Ca 
and Mg were extracted with IM NH4 DAC, pH 7 were 
determined with flame photometer; Mg was determined 
with an atomic spectrophotometer. The total N was 
determined by the Microkjedahl method (Soil Survey 
Staff, 1999). 
 
 
Processing of cocoa pod husk (CPH)  
 
The cocoa pod husk (CPH) used for the experiment was 
obtained from the Crop Processing Unit of Cocoa 
Research Institute of Nigeria, Ibadan. The CPH was sun 
dried for 3 weeks, and then burnt to ashes. After cooling 
the ash collected was bagged and kept in dry place. 
 
 
Chemical analysis of cocoa pod husk ash (CPHA) 
 
Two (2) grammes of CPHA was analyzed. The Nitrogen 
content was determined by Kjedahl method (Jackson, 
1965), while the determination of other nutrients such as 
P, K, Ca, Mg, and Na were done using the wet digestion 
method based on 25-5-5ml of HNO3 – H2SO4 – HClO4 
acids [16]. The K and Ca nutrient were read on the flame 
photometer while Mg, Fe, Cu, Zn and Mn were read on 
the atomic absorption spectrometer. The P content was 
developed in  yellow  coloration  with  vanado  molybdate  



 

 

 
 
 
 

Table 1. Pre – Planting Physiochemical Properties of the Soil 
 

Soil properties Value 

Physical Properties  

Sand  662.68g/kg 

Silt  186.76g/kg 

Clay  150.56g/kg 

Textural Class Sand Loam 

  

Chemical Properties  

pH (H2O) 1:1 5.26 

Organic Carbon 1.33g/kg 

Organic Matter 0.55% 

Total Nitrogen 0.13g/kg 

Available Phosphorous 2.00 mg /kg 

  

Exchangeable bases  

K
+
 

Ca
++

 

0.52 cmol/kg 

0.50cmol/kg 

Na
+
 0.93cmol/kg 

Mg
++

 2.80cmol/kg 

Mn
++

 0.03cmol/kg 

Exchangeable acidity  

AL
+++

 0.23 cmol/kg 

H
+
 0.12 cmol/kg 

ECEC 5.13  cmol/kg 

Base Saturation 82% 

 
 
solution and read on a spectronic 20 at 442um. The 
organic carbon (%) was determined by wet oxidation 
method through chronic acid digestion (Walkley, and 
Black, 1934). 
 
 
Collection of cocoa beans 
 
Disease-free cocoa pods were collected from the cocoa 
research plot of the Cocoa Research Institute of Nigeria, 
Ibadan. The pods were broken opened and the beans 
were sown directly into the polythene bags used as 
nursery pots. 
 
 
Nursery establishment 
 
The bulk soil samples taken (0–15cm depth) was sieved 
to remove stones and plant debris and 2.5kg of the 
sieved soil was placed into the polythene bag (25cm x 
and 13cm). There were treatments in all and the rates of 
application of CPHA were 6.25g (5t/ha), 12.5g (10t/ha), 
18.75g (15t/ha), 25g (20t/ha), 31.25g (25t/ha) and 37.5g 
(30t/ha) per 2.5 kg soil. A treatment with 0.5g (400kg/ha) 
of urea served as a conventional reference, while there 
was a control (no fertilizer, no manure).  Organic  manure  
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was added to the soil two weeks before sowing of cocoa 
beans. Each treatment was replicated three times. 

Two cocoa beans were sown per pot and arranged in 
completely randomized design. This was later thinned to 
one seedling per pot. Growth parameters such as plant 
height, leaf area, number of leaves, stem girth and 
number of branches were recorded from 4 weeks after 
planting (WAT), and later monthly until 24 weeks until 
after planting. Hand weeding was done at 3 weeks after 
planting and repeated at interval of 3 weeks.  

At the termination of the experiment (24 WAP) in the 
nursery, the seedlings were carefully removed from the 
polythene bags for the measurement of fresh root and 
shoot weights, root and shoot lengths. There were oven 
dried and thereafter dried root and shoot weights were 
taken before finally analyzed for N, P, K, Na, Ca and Mg 
contents. 

Post planting, soil sample were also taken from each 
treatment, at the termination of the experiment, air dried 
and sieved for analysis of soil N, P, K, Ca, Mg, pH and 
O.M. 
 
 
Statistical analysis 
 
The growth data collected were analyzed using ANOVA. 
The treatment means were compared using the Duncan’s 
Multiple Range Test (P <0.05). 
 
 
RESULTS AND DISCUSSION 
 

The pre-planting soil physiochemical properties and 
analytical data of cocoa pod husk ash were presented in 
Tables 1 and 2.  According to the results of the particle-
size analysis, the soil was texturally sandy loam 
belonging to Onigambari series and an Alfisol (Soil 
Survey Staff, 1999)..  Based on the established critical 
levels for soils in south western Nigeria, the soil was 
acidic with pH of 5.02 and low in organic matter (0.55%) 
compared to the findings of critical levels of 3% organic 
matter (Agboola, and Corey, 1976).   

The total Nitrogen (0.04%) was less than 0.15% which 
is considered optimal for most crops [21] while the 
available P (2.0 mg/kg) was less than 10mg/kg critical 
level.  The exchangeable K (0.52 cmol/kg) was more than 
0.2 cmol/kg which is considered optimal for most crops 
(Agboola, and Corey, 1976).  Also the levels of Ca (0.50 
cmol/kg) and Mg (2.80 cmol/kg) were very low indicating 
poor soil fertility. 

The chemical analysis of the organic fertilizer (CPHA) 
used for growing cocoa seedlings is presented in Table 2.  
CPHA was high in PH, P, K, Na, Mg, and Ca contents 
(7.21, 40.26cmol/kg, 5.01 cmol/kg, 3.06cmol/ kg, 
1.80cmol/kg, and 3.60 cmol/kg) respectively (Table 2).   

The lower N (1.02%) and high C:N (5.9) for CPHA were 
attributed to the volatilization of N during burning  of  CPH  
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Table 2. Chemical analysis of CPHA used as organic fertilizer. 
 

Treatment pH
 

H2O 
C/N 

Ratio 
OM 
% 

N 
% 

P 
mg/Kg 

K 
Cmol/kg 

Na 
Cmol/kg 

Mg 
Cmol/kg 

Ca
 

Cmol/kg 

CPHA 7.21 5.9 - 1.02 40.26 5.01 3.06 1.80 3.60 

 
 

Table 3. Effect of different levels of CPHA on growth parameters of cocoa seedlings in the nursery. 
 

 

 

Treatments 

 

Plant 

height 

(cm) 

Stem 

girth 

(cm) 

Leaf 

area 

(cm) 

Number 
of 

leaves 

Number 
of 

branches 

Root 

length 

(cm) 

Shoot 

length 

(cm) 

 0 t/ha  18.41 b 0.44c 90.80b 5.25d 0.10e 3.00e 17.3c 

 5t/ha  22.00ab 0.46c 103.12d 7.00c 2.66c 6.33d 13.70d 

 10t/ha  24.15a 0.47c 144.98c 8.07b 2.70c 7.33d 28.44a 

 15t/ha  25.39a 0.59b 135.05c 8.86b 2.20c 12.33b 23.22b 

 20t/ha  26.45a 0.85a 194.72b 8.93b 3.00b 13.00b 13.66d 

 25t/ha  26.15a 0.95a 308.17a 14.07a 4.00a 19.00a 23.22b 

 30t/ha 25.15a 0.63b 215.42b 9.10b 2.00c 11.00c 13.66d 

 Urea (400kg)  25.00a 0.60b 122.71c 8.07b 1.12d 10.00c 10.34e 
 

Treatment means within each column followed by the same letters are not significantly different from each other using Duncan 
Multiple Range.  Test at 5% level 

 
 

Table 4. The yield parameters of Cocoa Seedlings 24 weeks after planting under different levels of cocoa pod husk Ash 
Application 
 

Treatment 

Fresh 

root weight 
(g) 

Dry 

root 

weight (g) 

Fresh 

shoot 

weight (g) 

Dry 

shoot 

weight(g) 

O t/ha (Control)  3.66d 1.00b 3.66d 1.66c 

5t/ha (6.25g/2.5kg of soil) 5.33b 1.33b 7.70c 2.33bc 

10t/ha (6.25g/2.5kg of soil) 4.00c 2.33a 11.66 4.66 

15t/ha (18.75g/2.5kg of soil) 4.66c 1.02b 12.00b 5.33b 

20t/ha (25g/2.5kg of soil) 4.56c 1.00b 13.66b 5.23b 

25t/ha (31.25g/2.5kg of soil) 8.33a 2.33a 22.00a 8.30a 

30t/ha (37.5g/2.5kg of soil) 5.23b 1.33b 11.66b 4.66b 

Urea 400kg (0.5g/2.5kg of soil) 7.00a 2.00a 13.33b 5.66b 
 

Treatment means within each column followed by the same letters are not significantly different from each other using Duncan 
Multiple Range Test at 5% level 

 
 
(Ajayi et al., 2007a, 2007b).  The higher P, K, N, Ca, and 
pH for CPHA agreed with the fact that plant derived ash 
including those of cocoa and kola pod husk increased P, 
K, Ca, Mg, Soil pH and yield of vegetables, rice, millet 
and maize (Owolabi et al., 2003).  . 

The plant height, stem diameter, leaf area, number of 
leaves, number of branches, root and shoot lengths, 
fresh and dry root weights, fresh and dry shoot weights of 
cocoa seedlings under different  levels of CPHA 
treatment are presented in Tables 3 and 4.  

The application of cocoa pod husk ash at different 
levels increased significantly (P< 0.05) the growth 
parameters of cocoa seedlings compared to the control 
treatment (Tables 3 and   4).  This   study   showed   that  

cocoa pod husk ash a seemingly waste product of cocoa 
could be used to reduced soil acidity and increase 
availability of N, P, K, Ca, and Mg in soil and their uptake 
by cocoa plants thereby leading to enhanced growth 
performance of cocoa . Poor growth of cocoa seedlings 
as a result of low nutrient status of soil and leaf N, P, Ca, 
Mg, soil pH, and OM was generally observed in no 
treatment plot.  This observation is in agreement with the 
work of (Moyin- Jesu, 2008). which identified deficiency 
symptoms of yellow coloration, purple coloration and 
marginal burning of leaves signifying N, P, K, deficiencies 
in tropical Africa soils.  CPHA at 25t/ha level increased 
the plant height, stem diameter, numbers of leaves, 
number of branches, root  and  shoot  lengths,  leaf  area,  
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Table 5. Post – Planting physicochemical properties of the soil. 
 

Treatment 
Soil pH 

(H20)1:1 

OC 

g/Kg 

OM 

% 

N 

% 

P 

Mg/Kg 

K 

Mg/L 

Na 

Mg/L 

Mg 

Mg/L 

Ca 

Mg/L 

5t/ha CPHA  5.60  d 1.28  F 2.94  c 0.16  e 4.62  c 0.96  e 0.80  e 1.20  d 3.20  c 

10t/haCPHA  5.69  d 1.36  e 2.34  e 0.18  d 4.75  b 1.43  c 1.14  b 1.20  d 4.00  b 

15t/haCPHA  6.25  c 1.69  c 2.91  c 0.28  c 6.58  a 1.15  d 1.04  c 1.90  a 3.90  b 

20t/haCPHA  6.99  b 1.99  c 3.43  b 0.36  b 6.45  a 2.43  b 0.66 g 1.60  b 4.60  a 

25t/haCPHA  8.45  a 1.53  d 2.64  d 0.28  c 6.94  a 1.13 d 0.99  b 1.40  c 4.60  a 

30t/haCPHA  6.99  b 1.49  b 4.58  a 0.40  b 6.45  a 2.60  a 1.32  a 1.40  c 4.00  b 

400kg/ha Urea 5.10  d 0.91  g 1.36  f 068  a 3.05  c 0.48  f 0.57  h 1.20  d 2.80  d 

Control             4.60  f 2.26  a 0.46  g 0.20 b 2.07  c 0.46  f 0.69  f 1.00  e 2.60  e 
 

Treatment means within each column followed by the same letter are not significantly different from each other using Duncan 
Multiple Range Test at 5% level 

 
 

Table 6. Leaf chemical composition after 24 weeks of treatments application. 
 

Treatment 
N 

% 

P 

mg/kg 

K 

mg/100g 

Mg 

mg/L 

Ca 

mg/100g 

Na 

mg/l 

5t/ha CPHA  4.1 c 7.0 g 14.3 e 3.4 e 7.0 g 5.9 c 

10t/haCPHA  3.9 d 20.5 a 15.2 c 8.7 a 20.5 a 4.6 e 

15t/haCPHA  3.2 a 11.7 e 20.9 a 2.8 f 11.7 a 8.2 a 

20t/haCPHA  4.2 bc 17.7 b 14.3 e 3.8 d 17.7 b 5.6 cd 

25t/haCPHA  1.8 f 6.2 h 17.5 b 4.8 c 6.2 h 6.6 b 

30t/haCPHA  1.9 f 10.4 f 14.8 b 1.9 d 10.4 f 5.4 d 

400kg/ha Urea 5.3 a 16.5 c 13.0 f 6.7 b 16.5 e 3.6 f 

Control             4.3 b 12.9 d 9.3 g 3.8 d 12.9 d 3.7 f 
 

Treatment means within each column followed by the same letter are not significantly different from each other using Duncan Multiple 
Range Test at 5% level 

 
 
fresh and dry root weights, fresh and dry shoot weights of 
cocoa seedlings by 6%, 34%, 30%, 35%, 50% 42%, 
41%, 37%, 43%, 47%, and 44% respectively compared 
to the 30 t/ha CPHA treatment (Tables 3 and 4).  Also, 
2.5 t/ha CPHA increased plant height, stem diameter, leaf 
area, number of leaves, number of branches, root and 
shoot lengths, fresh and dry root weights, fresh and dry 
shoot weights of cocoa seedlings by 1%, 37%, 60%, 
43%, 72%, 47%, 55%, 9%, 14%, 39%, and 32% 
compared to the urea fertilizer treatment (Tables 3 and 
4). 

The cocoa pod husk ash increased significantly (p< 
0.05) the soil N, P, K, Ca, Mg, pH, OC and OM compared 
to the control treatment (Table 5).  This observation did 
not deviate from the works of Ojeniyi and Adejobi (2002). 
Swift and Anderson (1993) reported that organic manures 
increased soil N, OM, P, K, and pH and also 
micronutrients which are absent in conventional N, P, K, 
15-15-15 fertilizers.  Increase in soil pH by the use of 20 
t/ha, 25 t/ha and 30 t/ha of CPHA compared to other 
treatments was traced to its high K and more especially 
Ca contents and could be effective as liming materials 
unlike urea or NPK   fertilizer   treatment   when   applied  

continuously to soil, decreased soil pH and OM.  The soil 
pH had been reported to influence nutrient uptake and 
availability to crops for optimum growth (Gordon, 1988).  
10 t/ha CPHA increased the cocoa leaf P, K, Mg, P, and 
Ma by 20%, 14%, 23%, 20% and 50% respectively 
compared to urea treatment.  The control treatment had 
the least values of soil, leaf and growth parameters of 
cocoa seedlings compared to urea and CPHA application 
treatments (Tables 5 and 6). 

The significant increases in growth parameters, soil 
nutrient composition and leaf nutrient uptake of cocoa 
seedlings by the different levels of cocoa pod husk ash 
were due to their high nutrient contents (N, P, K, Ca and 
Mg) which encouraged vegetable growth. 

Nitrogen is known to be responsible for plant growth 
and protein synthesis (Ojeniyi, 1984) while P and K are 
essential for protein synthesis, promotion of meristematic 
tissue and carbohydrate formation (Tisdale and Nelson, 
1966).  25 t/ha, 30 t/ha and 20 t/ha of CPHA applications 
were most beneficial for the cocoa seedlings than other 
treatments because generally ash is easily mineralized 
due to its lower C/N ratio (Folorunso, 1999).  Although, 
urea fertilizer increased the soil  and  plant  N  but  it  had  
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severe effect on the cocoa seedlings as a result of 
symptoms of marginal burn of leaves.  This might be due 
to high K/Ca, K/Mg and Mg/P ratios in the soil which 
could be due to nutrient imbalance and this dislocation 
will cause interaction in the supply of P, K, Ca and Mg 
nutrients to the plants.  This observation was also 
supported by the findings of Folorunso et al. (1995) 
reported that high soil K resulted in nutrient imbalance 
with Ca and Mg, thereby affecting their availability to 
maize crop.  The urea fertilizer also reduced soil pH and 
this might be as a result of sorption of NH4

+
 ion on the soil 

surface.  Barber (1962) reported that large application of 
N P K fertilizer continuously might influence the cation 
concentration in the soil solution and on the exchange 
phase thereby affecting their equilibrium, selectivity and 
effective diffusion coefficient. 
 

 
Conclusion 
 
The results indicated that 25t/ha, 30t/ha and 20t/ha of 
CPHA applications increased the soil, leaf, N,P,K, Ca, 
Mg, soil pH organic matter and also plant height, stem 
diameter, number of leaves  leaf area, fresh and dry 
shoot weights, fresh and dry root weights of cocoa 
seedlings. It is concluded that CPHA could serve as a 
good fertilizer and liming material for the cocoa seedlings 
as shown in the experiment. CPHA applied at 25t/ha, 
being the most effective treatment improving cocoa 
growth and yield parameters, soil chemical properties, is 
therefore recommended for optimum growth of cocoa 
seedlings in the nursery.  
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APPENDIX 
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Figure 1. Different levels of CHPA on growth parameters of cocoa seedlings. 
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Figure 2. Different levels of CPHA on yield parameters of cocoa seedlings 
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Figure 3: Post-Planting Physicochemical properties of the soil. 
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Figure 4. Leaf chemical composition 24 WAT.

 


