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ABSTRACT
Low soil fertility is a major problem for cocoa establishment on the field; however, cocoa (Theobroma 
cacao L) is characterized by high nutrient demand particularly N, P, K, Ca and Mg during its early 
growth. In this study, the effects of organic and inorganic fertilizers on soil properties and nutrient 
uptake of cocoa in Ibadan and Owena soils of Southwestern Nigeria were investigated in 2011. The 
experiments were 4 x 4 factorial fitted into Randomized Complete Block Design (RCBD) with three 
replications. The fertilizers were: Goat Dung (GD), Sunshine Organic (OF) and Organo -Mineral Fer-
tilizers (OMF) and NPK 15:15:15 and the rates of application were: 0, 200, 400 and 600 kg/ha. Four 
hundred and thirty two (432) plantain suckers were planted at 3 x 3 m spacing while 432 cocoa seedlings 
(F3 Amazon) were also transplanted at 3 x 3 m respectively at each experimental site. Top soil samples 
were collected randomly from each experimental sites using soil auger. The samples were bulked, air 
dried and subjected to routine laboratory analysis for physical (sand, silt, clay, bulk density, moisture) 
and chemical properties (SOM, pH, N, P, K, Mg, Ca, and Na). Two grammes (2g) each of the organic 
fertilizers used were also analyzed for their nutrients composition. The fertilizers were applied to treat-
ment plots one month after cocoa seedlings were transplanted using ring method. Leaf samples (4tI leaf) 
which were collected from 4 tagged cocoa seedlings at 12 months after transplanting were analyzed in 
the laboratory for chemical compositions. The experiments were monitored for 36 months (144 weeks) 
after planting. Soil samples were collected from treatment plots processed and analyzed using standard 
procedures. Data collected were subjected to statistical analysis using Analysis of variance (ANOVA) 
and significant means separated by Tukey’s HSD (P < 0.05) test. Goat dung (GD), Organo-mineral 
fertilizer (OMF) and organic fertilizers (OF) had pH of 8.17, 7.00 and 7.30 respectively. They con-
tained in similar order 2.86, 0.63 and 3.64 g/kg OC, 4.80, 1.09 and 6.27 OM, 1.26, 0.06 and 2.16% N, 
113.24, 138.06 and 7.08 cmol/kg P, 2.60, 2.00, and 13.10 cmol/kg Ca, 0.38, 0.18, and 2.30 cmol/kg Na 
respectively. Application of 200 kg OMF, 600kg/ha GD and 400 kg/ha GD, 400 kg/ha OF significantly 
increased soil moisture contents in both Ibadan and Owena experiments. Application of GD, OMF and 
OF significantly reduced soil bulk density compared with NPK 15:15:15 and the control. In addition, 
these treatments enhanced soil and leaf chemical properties at 15 MAT at both locations.
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INTRODUCTION

In Nigeria, cocoa occupies about 0.6 million 
hectares and production stands at 383,000 tonnes 

in 2012 (FAOSTAT, 2014). The average cocoa 
yield in West Africa is about 0.5 tonnes/ha while 
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for Nigeria it is around 0.4 tonnes/ha. This sug-
gests that yield in Nigeria is low compared to 
the world average. After its introduction into the 
zone of West Africa sub- region in 1890, the area 
planted to cocoa increased rapidly to its present 
0.7 million hectares and yield increased to peak of 
310,000 tons in 1965 (Daramola, 2004). However, 
as early as 1940 manifestation of deficiency symp-
toms necessitated the need for research on the need 
to balance soil nutrients.

From 1966, yield declined gradually to its 
present 383,000 tons (FAOSTAT, 2014). Many 
workers have attributed this yield decline essen-
tially to soil nutrients imbalance (Ayanlaja, 2002; 
Ojeniyi, et al., 2010). Cocoa remains the highest 
foreign exchange earner of all agricultural export 
crops in Nigeria. Cocoa output has declined one 
of the factors responsible for this was the fact that 
soils of cocoa growing agro-ecologies are inher-
ently poor in fertility, has rapid degradation of 
properties, acidic due to the nature of their parent 
materials, high rainfall intensity enhanced leach-
ing of nutrients and weathering. These soils are 
often deficient in essential plant nutrients due to 
continuous cropping without application of ferti-
lizers. There is therefore, the need for sustainable 
manuring via application programme. Observation 
of many workers between 1959-69 revealed gross 
micro-nutrient deficiencies and comparison of soil 
nutrient contents under cocoa and virgin forest 
revealed that organic carbon and major nutrients 
were higher in virgin forest soils than adjacent 
cocoa soils. This indicated gradual soil nutrient 
depletion under cocoa, and that litter decompo-
sition and nutrient recycling are not adequate to 
maintain nutrient balance (Ayanlaja, 2002). One 
way of combating this problem of soil nutrients 
imbalance in cocoa soil is via sustainable organic 
and management of fertilizers. However, African 
farmers use very little fertilizer (8 kg/ha) compared 

to their counterparts in other parts of the agrarian 
world (Ogunlade and Iloyanomon, 2009). Hence, 
Africa’s soils are increasingly depleted of nutrients 
(IFDC, 2008/2009). This is particularly true with 
cocoa farmers in Nigeria. Ogunlade and Iloyano-
mon (2009), reported that more than 85 % of cocoa 
farmers in Nigeria do not use fertilizers on cocoa. 
Reasons for this low usage of fertilizers vary from 
lack of farmers’ knowledge of the nutrients status 
of their soils to scarcity and high cost of fertiliz-
ers where available. The need to pay attention to 
soil fertilization is now almost as important as the 
control of capsids and black-pod disease in cocoa. 
Ayanlaja (2002), Adejobi et al. (2011 a, b, c, d) and 
CRIN Annual Reports (2005) reported the use of 
organic residues such as animal manures, urban 
refuse, agro-industrial processing wastes, animal 
dung, refuse dump compost, pit latrine compost, 
foot of the hill compost, mulching, passive refuse 
dump in home gardens and alley cropping with ap-
propriate nitrogen fixing shrubs, have been found 
capable of increasing and balancing soil nutrients, 
improving soil properties with consequential in-
crease in crop performance. The objective of this 
study was to examine the effects of fertilizers on 
soil physical, chemical properties and leaf nutrient 
composition cocoa seedlings on the field.

MATERIALS AND METHODS

Experimental sites and condition

Field experiments were conducted at Ibadan, 
Headquarters of the Cocoa Research Institute of 
Nigeria (CRIN), and in Owena, a CRIN Sub-sta-
tion in Ondo State.

Ibadan experimental location

Ibadan, Oyo State, is located on latitude 07° 10’ 
N and longitude 03° 52’E, and an altitude of about 
122 meters above sea level in the humid tropical 
rain forest zone of Nigeria. The annual rainfall is 
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between 1200-1500 mm. The maximum tempera-
ture ranges between 26 to 35°C with an average of 
about 30.1°C. Relative humidity is high through-
out the year and ranges from 50 to 89 % with an 
average of 79 %. There are seasonal variations in 
the values of relative humidity, which varies from 
65 to 89 % during the rainy season and 46 to 70 % 
during the dry season.

Owena experimental location

The Owena sub-Station of the Cocoa Re-
search Institute of Nigeria, Ondo State, lies on 
latitude 07° N and longitude 05°, 7’E and at an 
altitude of about 22.5 meters above sea level. 
Owena is situated at about 21 kilometres south 
— east of Akure between Akure and Ondo. The 
average rainfall ranges between 1500 — 1600 
mm per annum. The maximum temperature in 
Owena is usually between 28 and 34° C while 
the daily minimum temperature ranges between 
18 and 23° C. The relative humidity during the 
rainy season ranges from 69 to 80 %, and be-
tween 56 and 64 % during the dry season.

Acquisition and preparation of experimental 
materials

Cocoa F3 Amazon genotype seedlings were 
collected from CRIN Seed Garden, while plan-
tain suckers were collected from the experimen-
tal plots in both Ibadan and Owena. Sunshine 
organic and organo-minerals fertilizers used 
for the experiments in Ondo State were ob-
tained from the Ministry of Agriculture, while 
the N.P.K. 15:15:15 was obtained at Ayedaade 
Local Government Gbongan, Osun State. Goat 
dung manure was obtained from Ilesha Garage 
Akure, Ondo State. The goat dung was collected 
dried and carefully sorted to remove foreign ma-
terials and packed in 50 kg bags for application 
on the field.

Treatments and experimental design

Field experiments were conducted in two sta-
tions of the Cocoa Research Institute of Nigeria 
(CR1N), Ibadan Headquarters and Owena Sub-
Station, Ondo State. The experiments were con-
ducted between June, 2011 and June, 2014. The 
experiments were 4 x 4 factorial scheme fitted into 
Randomized Complete Block Design (RCBD) 
with 3 replications. The 4 fertilizers were: Goat 
Dung (GD), Sunshine Organic and Organo-Min-
eral Fertilizers (OF and OMF) and NPK 15:15:15 
and the rates of application were: 0, 200, 400 
and 600 kg/ha. Lay-out of each experimental site 
(Measurement, pegging and holing) was carried 
out before planting. Four hundred and thirty two 
(432) plantain suckers were planted at the spac-
ing of 3 x 3 m in each of the experimental sites 
in Ibadan and Owena between second and third 
week of June, 2011 Four hundred and thirty two 
(432) five month-old cocoa seedlings (F3 Ama-
zon) of average height of 46 cm (already raised in 
the nursery) were transplanted at the spacing of 3 
x 3 m on each of the sites in Ibadan and Owena, 
four plants were randomly tagged for data collec-
tion. Top soil samples were collected randomly 
from each experimental site (Ibadan and Owena) 
using soil auger. The samples were bulked and air 
dried before being subjected to routine laboratory 
analysis. Particle size analysis was determined by 
the hydrometer method (Kettler et al., 2001) and 
organic carbon content (OC) by the potassium di-
chromate oxidation method (Zhang et al., 2001). 
Soil pH was read on pH meter (1:1 water). Organic 
matter was determined by the Murphy blue colora-
tion and determined on a spectronic 20 at 882um 
(Murphy and Riley, 1962). Soil potassium (K), 
calcium (Ca) and Magnesium (Mg) were extract-
ed with 1M NH4OAc, PH7 and were determined 
with flame photometer; Mg was determined with 
an atomic absorption spectrophotometer. The total 
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nitrogen (N) was determined by the Microkjedahl 
method (AOAC, 1990).

Two grammes (2g) each of the organic fertiliz-
ers used were also analyzed for nutrient composi-
tion. The fertilizers were applied to treatment plots 
one month after transplanting using ring method 
of fertilizer application at 5 cm away from the base 
of cocoa (July, 2011). Leaf samples (4th leaf) were 
collected from the four tagged cocoa seedlings at 
12 months after transplanting; dried in an oven at 
700 C for 72 hours (to ensure there was no N loss). 
The oven- dried plant materials were then milled 
with the aid of a Glen Creston Mill equipped with 
stainless steel grind chamber. The materials ob-
tained were then analyzed for the nutrient contents 
according to standard procedures (IITA, 1992).

The experiments were monitored for 36 months 
(144 weeks after planting). At 15 months after 
transplanting, soil samples were collected from 
treatment plots and were processed and analyzed 
for physical properties (sand silt, clay, soil mois-
ture content and soil bulk density), chemical prop-
erties (soil organic matter, soil pH, N, P. K, Mg, 
Ca, and Na) using standard procedures.

Soil samples collection and analysis

Top soil samples were collected randomly from 
each of the experimental sites at both locations 
(Ibadan and Owena) with the aid of soil auger at 
30 cm depth. For the pre-cropping analysis, the 
samples were bulked together and mixed thor-
oughly, air dried at room temperature and analysed 
for various elements. Particle analysis was carried 
out using the hydrometer method as described by 
Bouyoucos (1951).

The pH was determined in water (1:1 soil: wa-
ter ratio) using a pH meter with glass electrode as 
described by Jackson, (1965). Total Nitrogen was 
determined using Kjeldahl procedure as described 
by Jackson (1965). Organic carbon content was 

determined using the Walkey-Black method (Nel-
son and Sommers, 1982). Phosphorus determina-
tion was done by the Bray method as described by 
Bray and Kurtz, (1945).

Exchangeable K, Ca, Mg and Na were deter-
mined by extraction with ammonium acetate and 
the amounts of K, Ca and Na in the filtrate were 
determined using flame photometer with appropri-
ate filter while Mg was determined using a perk-
ing Elmer Atomic Absorption Spectro photometer 
(AAS).

Statistical analysis

Analysis of variance was performed on all data 
to test the treatment effect on different param-
eters and significant means were separated using 
Tukey’s Honest Significant Difference (HSD) (P 
<0.05).

RESULTS AND DISCUSSION

The pre-planting soil physio-chemical proper-
ties of the organic wastes used for the experiments 
were presented in Tables l and 2.The results of the 
particle-size analysis of the soils of both Ibadan 
and Owena experimental sites showed that the 
soils were sandy loam and Alfisols (Soil Survey 
Staff, 1999). The silt + clay contents of the soils at 
Ibadan and Owena (23.98 % and 27.9 %) experi-
ments were below the 32 % estimated to be ade-
quate for soils considered to be ideal for tree crops 
production especially cocoa (Egbe et al., 1989). 
Based on the established critical levels for soils 
in Southwestern Nigeria, the soils at Ibadan and 
Owena were acidic with pH ranging between 4.56 
— 5.76 and low in organic matter (0.99 —2.51 %) 
compared to the reported critical levels of 3 % or-
ganic matter (Agboola and Corey, 1973). The total 
nitrogen of Owena soil was less than 0.15 % which 
is considered optimal for most crops including co-
coa and the soil also had low CEC (Ogunwale et 
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al., 2002). This suggests the need to improve on 
the soil organic matter and hence the CEC for en-
hanced nutrient retention and the release of same 
to crops upon external fertilizer application (Ag-
boola and Omueti, 1982). The improvement of soil 
organic matter (SOM) can be achieved by organic 
fertilizer application, either as sole or in combina-

tion with inorganic fertilizers as organo-mineral 
fertilizer (OMF). The application of inorganic 
fertilizer to a soil with low organic matter content 
is a waste of resources and time (Agboola and 
Obigbesan, 1975). Hence there is need for proper 
SOM management on Ibadan and Owena soils to 
reduce the deleterious effects on soil physical and 
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chemical properties. Available P was also low; this 
level of available P is considered inadequate for 
cocoa (Wessel, 1971; Egbe et al., 1989). Also, the 
exchangeable potassium and calcium fell below 
the critical values of 0.3 and 5 cmol/kg required 
for cocoa. At both locations with the exception of 
Owena experiment, the exchangeable Mg was ad-
equate for cocoa production. Obatolu, (1991) ear-
lier observed the general low Mg nutrient contents 
of these soils. The low nutrient contents of the 
soils implied the need for external input of nutri-

ents in order to meet the requirements for optimal 
cocoa growth. It is obvious that the soils of both 
Ibadan and Owena were inherently low in fertil-
ity and were therefore expected to show positive 
response to soil amendment. The insufficient lev-
els of the major nutrients in the soils in both loca-
tions showed that the soils were depleted in nutri-
ents and would not be able to meet the nutritional 
needs of cocoa plants unless external nutrients 
supply is made to support optimum growth of co-
coa plants. Among the organic fertilizers applied, 
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goat dung (GD) had the highest p1-I, though all 
the organic and organo-mineral fertilizers had pH 
above 5 (acidity levels) which indicated that they 
could be effective as liming materials. The organo-
mineral fertilizer (OMF) had the highest available 
P followed by GD and organic fertilizer (OF) had 
highest percentage N. The results were in agree-
ment with the works of Adejobi et al. (201la) who 
found out that GD, OMF and OF were as effective 
as NPK fertilizer which can be used as effective 
sources of plant nutrients. In particular, OF had the 
highest OM, K, Mg, Ca and Na concentrations rel-
ative to other organic fertilizers, this implied that 
OF could be a good source of these nutrients for 
plant growth.

Effects of fertilizer types and rates on soil mois-
ture content measured at 15 MAT in Ibadan and 
Owena are presented in Table 3 .The general ob-
servation that the lowest percentage soil moisture 

contents were recorded for the control plots fol-
lowed by NPK fertilizer plots in both Ibadan and 
Owena experiments could be due to low SOM 
contents and consequent low soil moisture reten-
tion capacity [Maurya and Lal, 1979; Ghuman and 
Lal, 1984 and Agbede and Kalu, 1995]. Another 
possible reason for high moisture status in organic 
fertilizer plots than NPK and control plots could be 
due to high SOM that enhanced soil structure and 
lower porosity. Low porosity is known to reduce 
turbulent movement of atmospheric air into the 
soil which enhances water evaporation (Ojeniyi 
and Dexter, 1984. Application of 200 kg/ha OMF 
gave significantly higher soil moisture content 
than other treatments and the control plot at Ibadan 
experiment. In Owena experiment, 600 kg/ha GD 
significantly increased soil moisture content rela-
tive to all other treatments and the control plots. 
Application of both GD, OMF and OF improved 
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soil physical properties; soil structure, porosity and 
soil water infiltration and retention (Akanni et al., 
2011 and Makinde et al., 2011).

Bulk density of the soil as affected by fertilizer 
types and rates in both Ibadan and Owena experi-
ments is presented in Table 4. The organic ferti-
lizer types and rates applied significantly reduced 
(P<O.05) the soil bulk density relative to levels 
of NPK 15:15:15 applied and the control for both 
Ibadan and Owena. OMF applied at 600 kg/ha 
and 200 kg/ha gave the lowest soil bulk density, 
600 kg/ha OF reduced soil bulk density relative to 
other treatments in Owena experiment. This shows 
that application of OF, OMF and GD obliterated 
effect of high bulk density, it could also be attrib-
utable to increased soil OM, Ca and other macro 
and micro- nutrients following manure applica-
tion. Both organic colloid and Ca are cementing 
and stabilizing agents in soil aggregation (Ojeniyi 
et al., 2012). Improved aggregation leads to reduc-

tion in bulk density and increased in water infiltra-
tion and retention.

Soil chemical compositions of cocoa seedlings 
as affected by organic and inorganic fertilizer types 
and rates at 15 MAT in Ibadan and Owena experi-
ments are presented in tables 5 and 6. At both lo-
cations, soil pH at 15 MAT increased across the 
fertilizer treatments above the initial value 11 — 
27 % and 6 — 18 % in Ibadan and Owena respec-
tively. The higher soil pH in soil treated with 600 
kg/ha OF and 200 kg/ha OF in Ibadan and Owena 
compared with NPK and control was as a result of 
build-up of SOM which released basic cations into 
the soil system from the break- down of soil organ-
ic materials (Helling et al., 1964). Application of 
600 kg/ha OF produced build up of SOM in Ibadan 
while 200 kg/ha OMF resulted in higher SOM in 
Owena soil than NPK and the control. This is ex-
pected because of the high organic carbon contents 
of the organic materials used for soil amendments 
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(Allison, 1973; Ogunlade, 2008). However, there 
was increase in total N values across the fertilizer 
treatments compared to the initial total N value of 
0.32 % at Ibadan; the same trend went for Owena 
experiment. Soil N at both locations appeared to 
be sufficient to meet the N requirement of cocoa 
seedlings. The fertilizer types and rates also re-
sulted in higher soil available P at both locations 
than the control with the exception of OF applied 
at 600, 400 and 200 kg/ha in Owena. The control 
treatment led to decrease in available P values at 
both locations. It indicated high P released from 
the organic and inorganic materials as the soil 
available P was higher than the pre-planting (ini-
tial) value after uptake by the cocoa seedlings for 
fifteen months on the field. Application of OF at 
400 kg/ha and 200 kg/ha significantly enhanced 
the soil K in both Ibadan and Owena respectively 
compared with the control. The soil Mg and Ca 
in all the fertilizer types and rates were reduced 
when compared to the initial soil values at the end 
of fifteen months with the exception of 600 kg/ha 
OMF in Ibadan which increased soil Ca above the 

initial soil value. There were therefore, increases 
in soil Mg and Ca at Owena when compared to 
the initial soil value at 15 MAT. There were reduc-
tions in Mg and Ca despite application of fertiliz-
ers in Ibadan experiment; Wilson and Lal, (1983) 
made similar observations when cynodon and 
various other organic materials were incorporated 
in to the soil. The higher soil Ca and Mg in NPK 
treated soil compared with the control implied that 
NPK must have enhanced the release of Mg and 
Ca from the soil mineral contents by creating fa-
vourable condition for it. There was no significant 
difference among soil Na when fertilizer type rates 
and the control in Ibadan experiment. However, 
OF applied at 200 kg/ha enhanced soil Na higher 
than other treatments and control at fifteen MAT 
in Owena experiment. Similarly, Wilson and Lal, 
(1983), reported release of K, Ca and Mg among 
other elements when cynodon and various other 
organic materials were used to ameliorate the soil 
in Ibadan. However, the soil Na decreased consid-
erably at both locations across the different fer-
tilizer treatments at the end of 15 MAT of cocoa 
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seedlings. The decrease might not be unconnected 
with plant uptake and leaching: - losses from crop 
root zone.

Nutrient contents of cocoa leaves seedlings at 
Ibadan and Owena experiments 15 MAT are pre-
sented in tables 7 and 8. The enhanced N contents 
of cocoa leaves at 15 MAT in Ibadan with the ap-
plication of 400 kg/ha GD and at Owena with ap-
plication of 400 kg/ha OF could be due to the high 
N content of OF and GD presumably from protein 
content of roughage fed to goat (Agboola et al., 
1981). The differences in N values arising from 
the different treatments suggested that differences 
should occur in the quantity of the materials to be 
applied to cocoa in order to supply equal amount 
of N. The available P content of cocoa leaves at 
Ibadan at the end of fifteen months after transplant-
ing was enhanced by 600 kg/ha OF relative to the 
control. While 600 kg/ha OMF had higher availa-
ble P than other treatments and the control in Owe-
na. The higher leaf K content recorded when OMF 

was applied at 200 kg/ha than NPK fertilizer rates 
and control plots in both Ibadan and Owena was 
due to its higher nutrient contents (NPK) which 
encouraged vegetative growth. Nitrogen is known 
to be responsible for plant growth and protein syn-
thesis (Ojeniyi and Adejobi, 2002) while P and K 
are essential for promotion of meristematic tissue 
and carbohydrate formation (Moyin-Jesu, 2012). 
The Mg contents of cocoa leaves under the con-
trol treatments at Ibadan were significantly higher 
than NPK fertilizer treatments. The higher Mg 
contents for the control plots indicated that for a 
longer time, the cocoa plants would not show leaf 
Mg deficiency as a result of short supply from the 
leaf. This observation was also supported by the 
findings of Folorunso et al. (1995), who reported 
that high soil K resulted in nutrient imbalance with 
Ca and Mg thereby affecting their availability to 
maize crop. The cocoa highest leaf Ca contents 
were also obtained under 600 kg/ha GD and 600 
kg/ha OF at Ibadan and 600 kg/ha OF in Owena 
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while 400 kg/ha OMF significantly enhanced Na 
contents of cocoa leaves higher than other fertiliz-
ers and control treatments at Ibadan. But 600 kg/ha 
GD gave the highest Na contents than the control 
plot in Owena.

In general, the residual effects of fertilizer treat-
ments on cocoa leaf nutrients show that the organic 
manures promoted leaf nutrient contents than the 
organo-minerals (OMF), while the organo-miner-
als were better than NPK. The enhancement of leaf 
nutrient contents by organic manures compared to 
OMF and NPK suggested more frequent applica-
tion is needed in the use of OMF than the organic 
manures and much more frequency for NPK than 
OMF. However, this practice has cost implication. 
The extra cost would stem from costing procure-
ment and labour for fertilizer application at every 
application time. Therefore, any fertilizer type that 
would reduce frequency of application, with opti-
mal manurial effects on cocoa growth and on soil 
physical and chemical properties would be ideal 

for sustainable management of soil for cocoa pro-
duction.

CONCLUSION

Soil is the main source of nutrient supply to 
cocoa trees like any other crop; therefore, the use 
of fertilizer to address soil fertility problem in co-
coa production can not be over emphasised. This 
research work explored the effects of Goat Dung 
(GD), Sunshine Organic and Organo-Mineral Fer-
tilizers (OF and OMF) and NPK 15:15:15 on soil 
properties and nutrient uptake of cocoa in 2011 at 
Ibadan and Owena in Nigeria. The soils of the ex-
perimental sites were acidic, low in organic matter 
and total N. The available P was less than the criti-
cal level (10 cmollkg) at both Owena and Ibadan. 
The silt ± clay contents of both sites were below 
the 32 % estimated to be adequate for soil con-
sidered ideal for tree crop production, especially 
cocoa. The insufficient levels of the major nutri-
ents in the soil in both locations showed that the 
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soils were depleted of nutrients and would not be 
able to meet the nutritional needs of cocoa unless 
externally supplied for optimum growth of cocoa 
plants. Goat dung (GD), Organo-mineral fertilizer 
(OMF) and Organic fertilizer (OF) increased soil 
pH above 5 (acidity level). This indicated that 
these materials are effective as liming materials 
in addition to their contents of essential nutrients 
needed for cocoa growth.

Application of 200 and 400 kg/ha OMF, and 
600 and 400 kg/ha GD significantly increased soil 
moisture relative to other treatments and the con-
trol at Ibadan and Owena. The lowest percentage 
soil moisture was recorded for the control plots, 
followed by NPK fertilizer, in both locations. In 
Ibadan, 600, 400, 200 kg/ha OMF and 600 kg/ha 
OF gave the lowest soil bulk density but the highest 
bulk density was recorded for the control followed 
by 600 kg/ha NPK. There were no significant dif-

ferences (P=0.05) in soil bulk densities among 
rates of organic fertilizers applied at Owena . At 
the locations, soil pH, organic matter, N, P, K, at 
15 MAT increased across the fertilizer treatments 
above the initial values by 11 — 27 % and 6 — 18 
% respectively. There were reductions in Mg and 
Ca despite application of fertilizers in Ibadan.

Application of 400 kg/ha GD and 600 kg/
ha OF enhanced N contents of cocoa leaves in 
Ibadan. The trend was similar at Owena where 
cocoa seedlings under the application of 400 kg/
ha OF had the highest N content. This implied 
that OF and GD released nitrogen for cocoa 
seedlings growth. The available P content of co-
coa leaves was enhanced by 600 kg/ha OF rela-
tive to the control in Ibadan. 600 kg/ha OMF had 
higher available P than other treatments and the 
control in Owena. 600 kg/ha GD significantly 
increased the soil available P values compared 
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with other fertilizer treatments and the control 
at both Ibadan and Owena experiments. Higher 
leaf content of K was recorded for 200 kg/ha 
OMF than NPK fertilizer rates and control in 
both Ibadan and Owena experiments.

In general, the effects of fertilizer treatments 
showed that the organic manures promoted leaf 
nutrient contents than the organo-minerals (OMF), 
while the organo-minerals were better than NPK. 
These results have clearly shown that organic ferti-
lizers (GD, OF and OMF) supplied cocoa nutrients 
and stabilize soil physical conditions.
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