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ABSTRACT

A field study was conducted on the separate and combined effect of two agrowastes namely:- Cocoa pod

ash and poultry manure on soil fertility, nutrient content, growth and grain yield of maize on an Alfisol in

Southwest Nigeria. Separate and combined effects of the materials were investigated at application rates of 0,

5 and 10t/ha given nine treatments. The effect of treatments on the first crop and residual effect on the second

crop was studied. The test soil was low in organic matter (OM), N, P, K, Ca and Zn. Poultry manure had

lower C:N ratio and higher N, P, Mg, Fe and Mn concentrations compared with cocoa pod ash which had

higher K and Ca concentrations. Cocoa pod ash and poultry manure increased significantly soil OM, soil and

maize macro and micro nutrients content on immediate and residual basis. The two materials have cumulative

and complementary effect on soil nutrients and nutrient uptake. While poultry manure gave higher values of

soil N, P, Ca and Mg and plant N, P, Zn, Fe, Cu and Mn than cocoa pod ash, ash gave higher values of soil

Cu, Zn, and Mn and plant K and Ca. Plant N,  P, K, Zn  and  Fe  increased with level of poultry manure.

The ash and poultry manure increased dry matter yield, height and grain yield of maize significantly, although

poultry manure gave higher yield than ash at the same rate.  The ash at 5 and 10t/ha increased grain yield by

20 and 31% respectively on immediate basis and by 34 and 74% on residual basis.  Poultry manure at 5 and

10t/ha increased yield by 39 and 43% respectively on immediate basis, and 73 and 93% on residual basis.

Combination of 5t/ha cocoa pod ash with poultry manure at 10 and 5t/ha respectively gave highest cumulative

yield of 6.51 and 5.58t/ha.
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Introduction

In tropical countries the use of chemical (inorganic) fertilizer in crop production has not been sustainable

due to its high cost and scarcity, soil acidity and nutrient imbalance. Hence there is recent interest in the use

of agricultural wastes by the dominant resource poor farmers.  The wastes such as crop residues and animal

excreta are used directly or composted.  However due to high quantity needed, adequate quantity of an organic

waste may not be obtained, hence the farmers often apply different wastes combined. Since the wastes are of

different quantity and nutrient composition, their combined use is expected to have positive cumulative and

complementary effects in nutrient supply and improvement of crop yield.  

Animal manures such as that of poultry (chicken) has received much research attention in crop nutrition

and had been found to be effective as source of nutrient for crops (Adeniyan and Ojeniyi 2005a, 2006).
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However, the sole and integrated application of crop wastes such as cocoa pod husk as nutrient source has not

received adequate research attention. About 800000 tonnes of cocoa pod husk are generated annually in Nigeria

and are 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 harbours Phytophtora palmivora, the causal fungus of the disease.

Moyin-Jesu (2007) after extensive literature search noted scarcity of report on use of cocoa husk in plant

nutrition. Egunjobi (1976) found that ground cocoa husk applied to soil increased maize yield by 124%, and

also  increased  uptake  of  P,  K and Mg.  The effect of cocoa pod ash on tomato yield was studied

(Odedina et al., 2003) in Southwest Nigeria, The ash at 6t/ha increased number and weight of fruits of tomato

leaf N, P, K and Ca content significantly. The effect of cocoa pod husk as nutrient source for kola seedlings

was investigated (Ajayi et al., 2007a, 2007b). Cocoa pod husk ash increased growth and nutrient uptake by

kola seedlings, and soil P, K, Ca and Mg were increased.  Compared with NPK fertilizer, cocoa pod ash at

2, 4, 6, 8 and 10t/ha increased root N, P, K, Ca and Mg which increased with level of ash. The effect of

animal manure amended cocoa pod husk on tomato was also studied (Ojeniyi et al., 2007). Amended husk

significantly increased growth and yield of tomato. Fruit yield was increased by 397%.

This work investigates the effect of sole and combined application of cocoa pod husk ash and poultry

manure on soil and plant macro and micro nutrient content, growth and grain yield of maize.

Material and Methods

Field experiment

In March 2005, field experiment was conducted on a sandy loam Alfisol at Ondo (07  05 N, 04  55 N)0 / 0 / 

in the rainforest zone of Southwest Nigeria.  The site was cultivated to maize, yam and cassava for ten years.

The land was manually cleared and ridges made 75 cm apart.  There were 9 manurial treatments consisting

of a control (no treatment), cocoa pod ash (CPA) at 5 and 10 t/ha, poultry manure (PM) at 5 and 10 t/ha and

four combinations of ash and manure. Treatments were replicated four times to give 36 plots, each plot being

4 x 4 m with single maize stands spaced at 75 x 30 cm.  Poultry manure and ash were incorporated using hoe

two weeks before planting.  Weeding was done thrice with hoe.

At harvest (90 days after planting) five plants were excavated to determine plant height, and roots

separated.  The parts were air-dried at 75 C until constant weight to determine shoot and root dry matter0

yield.  Ten plants were harvested, cobs air-dried, shelled and grain yield determined at 12% moisture content.

Grain yield per hectare was calculated.

Soil analysis

Before commencement of experiment, surface (0-15 cm) soil samples were collected over site of

experiment using auger, bulked, air-dried and 2 mm sieved for analysis.  Samples collected from treatment

plots were also processed.  Chemical analysis was done as described by Carter (1993).  Organic matter (OM)

was determined using wet dichromate method, total N by Kjeldahl method, available P by molybdenum blue

colorimetry.  Exchangeable K, Ca and Mg were extracted using ammonium acetate, K, was read on flame

photometer, and Ca and Mg on atomic absorption spectrophotometer.

The Mn, Fe, Zn and Cu were extracted using HCL and determined with atomic absorption spectrophotometer.

Leaf, manure and ash analysis

Dried leaf samples collected per plot were ground with a Willey mill to pass through 0.5mm sieve.

Ground samples were digested with nutric perchloric acid mixture (Tel and Hagarty, 1984). This method was

also applied in analysis of poultry manure and cocoa pod ash.  The P, K, Ca and Mg were determined as

described for soil. For micronutrients (Mn, Zn, Cu, Fe), di-benyl ditho carbanate complex in carbon

4tetrachloride (CCl ) was added to the aliquot before being read on atomic absorption spectrophotometer.

Residual effect

In April 2006, the experiment was repeated and the same treatment plots were maintained for maize

planting without new treatments. Crop and soil analysis data were generated as for 2005 experiment in order

to study effect of treatments at one year after the first experiment. The Duncan Multiple Range Test (DMRT)

was used to compare mean data at 5% level.  
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Results and discussion

Results

The poultry manure used for the conduct of the experiment had 1.70% OC, 1.19% N, 6.00 C/N, 272

mg/kg P, 5.91 %K, 2.8 % Ca, 8 % Mg, 2.66 mg/kg Fe, 0.10mg/kg Cu, 0.40mg/kg Zn and 1.48 % Mn. Cocoa

pod ash had 6.5 % OC, 0.59 % N, C/N 12, P 100 mg/kg, 12.52 % K, Ca 3.74 %, Mg 2.4 %, Fe 1.22 mg/kg,

Zn 0.13 mg/kg, Cu 0.33 mg/kg and Mn 1.22 mg/kg. Poultry manure with lower C:N ratio was richer than

cocoa pod ash in respect to N, P, Mg, Fe and Mn.

The soil was low in major nutrients but high in micronutrients except Zn indicating the acidic nature of

the soil (Sobulo and Osiname, 1981). The micronutrients such as Fe , Cu and Mn are higher than the+

established critical levels of 5 mg/kg, 1.00 mg/kg and 1.00 mg/kg respectively. The Zn is lower than the2 + 

critical level of 3 mg/kg (Oluwatosin and Ogunkunle, 1991). The soil pH is moderate for maize production

in Southwestern Nigeria.

Tables 2 and 3 show soil nutrients content as affected by application of PM and CPA on immediate and

residual basis respectively. The PM and CPA at 5 and 10 t/ha increased soil organic matter (OM), N, P, K,

Ca and Mg on immediate and residual basis. The CPA also increased soil Cu, Zn and Mn at 5 t/ha, and PM

increased Zn and Mn on residual basis. When CPA was added with PM at 5 t/ha, soil P, K, and Mg increased

significantly on immediate basis, and K, Fe, Cu, Zn and Mn on residual basis. Addition of PM to CPA at 5

and 10 t/ha increased soil N, P, K, Ca and Mg on immediate and residual basis. Therefore combination of the

two materials had cumulative effect on macro and micro nutrients. The PM increased soil OM, N, P, Ca and

Mg than CPA, and CPA at 5 t/ha increased soil K than PM on immediate and residual basis. The PM at 5

t/ha gave higher soil Cu, Zn and Mn than CPA on immediate basis, whereas CPA gave higher soil Fe, Cu,

Zn and Mn than the former on residual basis. Therefore the two materials also had complementary effect.

Table 1: Initial nutrient status of the soil

pH OM N Ca K M g P Fe Cu Zn M n2+ + 2+ 2+ 2+ 2+ 2+

(1:2 H20) % % --------cm ol/kg------------------  -----------------mg/kg------------------------------

5.67 1.31 0.06 2.32 0.16 0.20 4.88 2.44 0.41 1.30 4.20

Table 2: Effect of cocoa pod ash (C) and poultry m anure (P) on soil chemical properties in field experim ent 

Treatm ent OM N P K Ca M g Fe Cu Zn M n

% % mg/kg -----cm ol/kg------------------------ ---------------mg/kg------------------

C0P0 1.50c 0.10b 6.92e 0.22b 2.18c 1.00c 1.35b 1.00a 3.63c 29.91a

C0P5 4.22a 0.22a 8.34d 0.29ab 4.77a 1.43b 1.37b 1.03a 4.08b 22.29b

C0P10 4.66a 0.25a 12.06b 0.32b 4.67a 1.43b 1.80a 1.05a 4.55a 22.60b

C5P0 2.39d 0.14b 6.57e 0.35a 3.37b 0.73d 1.51b 0.84b 3.78c 20.36b

C5P5 3.94b 0.21a 9.97c 0.33a 4.51ab 1.73a 1.56b 0.78b 2.26d 19.04b

C5P10 4.27a 0.24a 13.07a 0.36a 3.93b 1.63a 1.17c 0.21d 0.92g 18.64bc

C10P0 2.76d 0.14b 5.93e 0.28b 4.93a 0.80d 1.09c 0.16d 1.73e 10.09c

C10P5 3.56c 0.19b 10.46c 0.32a 4.83a 0.77d 1.14c 0.20d 1.13f 15.97d

C10P10 4.40a 0.22a 11.20c 0.34a 4.57a 1.10c 1.28bc 0.29c 0.48h 13.63e

M eans with the sam e letters are not significantly different according to Duncan M ultiple Range Test (DM RT) at 5 % level. The 0, 5 and

10 are in t/ha.  

Table 3: Effect of com bined cocoa pod ash (C) and poultry manure (P) on soil chem ical properties after one year of application. 

Treatm ent OM N P K Ca M g Fe Cu Zn M n

% % mg/kg ------cmol/kg------------------------       -------------mg/kg-------------------

C0P0 1.47d 0.07c 4.32e 0.09c 1.40e 1.14a 1.28d 0.63b 2.98e 18.73b

C0P5 2.73bc 0.13a 8.76c 0.12c 2.87c 1.10a 1.28d 0.52b 4.11c 20.09b

C0P10 3.20a 0.16a 14.08a 0.30a 3.28b 1.06b 1.24d 0.49bc 4.91b 23.93a

C5P0 2.11d 0.10b 6.24d 0.21b 2.10d 1.01b 1.58c 1.08a 4.37bc 22.71a

C5P5 2.44c 0.12ab 7.96c 0.20b 2.41d 1.18a 1.65c 0.69b 5.57a 23.42a

C5P10 2.89a 0.14a 11.84b 0.26ab 3.39a 1.10a 1.80b 1.00a 3.23d 20.39ab

C10P0 2.52c 0.13a 6.28d 0.29a 2.58a 1.11a 1.93a 0.23c 2.36f 17.11b

C10P5 2.85a 0.14a 7.50c 0.31a 3.02a 1.00b 1.92a 0.17c 2.19f 17.29b

C10P10 3.2a 0.16a 9.77c 0.31a 3.18a 1.14a 1.93a 0.25c 3.11d 25.45a

M eans with the same letters are not significantly different according to Duncan M ultiple Range Test (DM RT) at 5 % level. C=CPA,

P=PM , 0, 5 and 10 are in t/ha.  

The effect of CPA and PM used alone or combined on plant nutrient status is shown in tables 4 and 5

on immediate and residual basis respectively. On immediate basis, CPA at 5 t/ha increased plant N, K, Ca and

Mg relative to the control and the 10t/ha CPA increased plant K and Ca. On residual basis, CPA at 5 t/ha

increased plant N, P, K, Ca, Zn and Fe while 10t/ha CPA increased plant P, K and Ca.
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Table 4: Effect of cocoa pod ash (C) and poultry m anure (P) on maize nutrient concentration in first field experim ent 

Treatm ent N P K Ca M g Zn Cu Fe M n

--------------------------%----------------------------------------   -------------mg/kg----------------------------------------------------------------

C0P0 2.05e 0.22 1.23f 0.22f 0.14c 6.58 44.00a 66.50g 85.00a

C0P5 2.68c 0.25b 1.72e 0.18g 0.17b 6.04b 32.67d 129.33b 82.33a

C0P10 3.09a 0.41a 1.99d 0.32d 0.23a 5.18b 29.00d 118.33c 69.00a

C5P0 2.64c 0.21b 1.55e 0.26e 0.17b 4.98c 37.33c 65.33a 78.67a

C5P5 2.84b 0.31b 1.67e 0.15h 0.13b 5.67c 27.67d 138.00a 77.33a

C5P10 2.72b 0.34b 1.89d 0.29e 0.18b 4.57c 30.00d 107.33d 72.33a

C10P0 2.40d 0.21b 3.41a 0.75c 0.08d 6.31b 38.33d 53.00h 41.33b

C10P5 2.55c 0.24b 2.75b 0.83b 0.10cd 7.09a 27.33d 74.00f 41.33b

C10P10 2.47cd 0.28bc 2.13c 0.92a 0.14c 6.42b 32.00cd 76.33e 40.67b

M eans with the same letters are not significantly different according to Duncan M ultiple Range Test (DM RT) at 5 %

Table 5: Effect of cocoa pod ash (C) and poultry manure (P) on maize nutrient concentration after one year of application. 

Treatm ent N P K Ca M g Zn Cu Fe M n

--------------------------%----------------------------------------   -------------mg/kg--------------------------------------------------------

C0P0 1.47c 0.21d 0.65e 0.16c 0.33a 36.14e 4.36e 26.31h 29.14a

C0P5 1.55c 0.34c 1.33d 0.20bc 0.17b 89.65b 5.98c 41.53d 16.85b

C0P10 1.72a 0.53a 1.53c 0.23a 0.17b 100.77a 6.91a 40.19d 6.55e

C5P0 1.49c 0.30c 1.87b 0.23a 0.16b 68.47c 4.07f 31.28f 5.91e

C5P5 1.51c 0.39d 1.50c 0.22a 0.16b 30.73g 5.78b 34.97e 12.38d

C5P10 1.58c 0.44b 1.47c 0.23a 0.16b 41.66d 6.17b 49.32c 7.68e

C10P0 1.42d 0.37b 2.00a 0.24a 0.16b 32.10f 3.56h 29.65g 8.27e

C10P5 1.41d 0.36b 1.73b 0.24a 0.16b 23.08h 3.89g 54.98b 15.17e

C10P10 1.60b 0.30e 2.13a 0.24a 0.16b 18.72i 3.03i 56.31a 7.52e

M ean with the same letters are not significantly different according to Duncan M ultiple Range Test (DM RT) at 5 % level. The 0, 5 and

10 are in t/ha.  

The PM at 5 and 10 t/ha increased plant N, P, K, and Fe and which tended to increase with level of PM

on immediate and residual basis. The PM at 5 t/ha also increased plant Mn on residual basis. On immediate

basis, addition of CPA to PM at 5t/ha increased leaf N, P, and Fe. On residual basis, plant P, K, and Ca were

also increased.  On residual basis, addition of CPA at 5 t/ha to PM at 10t/ha increased plant Fe and Mn.

Addition of PM to CPA increased plant N, P, K, Ca and Fe on immediate basis and Fe on residual basis.

These observations confirm the cumulative effect on the materials on plant nutrient content.

The PM at 5 t/ha gave higher plant P, K, Zn and Fe than CPA at 5 t/ha on immediate basis, and higher

plant N, P, Zn Fe and Mn on residual basis.  The PM at 10 t/ha gave higher plant N, P, Mg, Fe and Mn than

CPA at 10t/ha on immediate basis, and higher plant N, P, Zn, Cu and Fe on residual basis. But CPA gave

higher plant Ca than PM at the same rate, and higher plant K at 10 t/ha than PM at 5 and 10 t/ha. Therefore

the CPA was more effective source of K and Ca than PM, and therefore had liming effects respectively.

Table 6: Effect of com bined cocoa pod ash (C) and poultry manure (P) on agronom ic param eters of m aize in field experiment. 

Treatment Height Grain yield Stover yield Root dry m atter % increase in

(cm)    (t/ha)    (t/ha)       (t/ha)   grain yield

2.12C0P0 168.84 d 3.20 1.13 0 b
d d

C0P5 214.82 2.95 5.44 1.55 39a c ab b

C0P10 215.98 3.04 5.65 2.19 43a b a a

C5P0 190.56 2.14 3.42 0.93 20b d c e

C5P5 205.11 3.82 4.62 1.41 45a b b d

C5P10 190.34 4.34 5.67 2.13 80b a a a

2.27C10P0 202.67 c d 3.28 0.86 31a d f

2.62C10P5 180.12 c 3.59 0.92 24b c e

3.06C10P10 201.58 c 3.96 1.33 44a c c

M eans with the same letters are not significantly different according to Duncan M ultiple Range Test (DM RT) at 5 % level. The 0, 5 and

10 are in t/ha.

 

Table 7: Effect of com bined cocoa pod ash (C) and poultry manure (P) on agronom ic param eters after one year of application. 

Treatment Height Grain yield Stover yield Root dry m atter % increase in

 (cm)    (t/ha)    (t/ha)       (t/ha) g r a i n  y ie ld       

C0P0 149.67a 1.15e 1.77e 0.27a 0

C0P5 154.00a 1.99c 2.86c 0.34b 73

C0P10 165.56a 2.22b 3.12b 0.29b 93

C5P0 144.67a 1.54d 2.50d 0.52b 34

C5P5 171.78a 1.76c 2.44d 0.34b 53

C5P10 173.44a 2.17b 2.78c 0.31b 89

C10P0 166.22a 2.00bc 2.70c 0.44b 74

C10P5 161.22a 1.56a 3.39a 0.86a 38

C10P10 176.00a 2.20b 2.55cd 0.50b 91

M eans with the sam e letters are not significantly different according to Duncan M ultiple Range Test (DM RT) at 5 % level. The 0, 5 and

10 are in t/ha.  
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Tables 6 and 7 show data on response of growth and yield parameters of maize to application of CPA
and PM on immediate and residual basis respectively. The CPA at 5 and 10t/ha increased plant height, stovers

and grain yield. The increased in grain yield relative to control were 20 and 31% respectively on immediate
basis  and  34  and  74%  on  residual  basis.  The  effect  on grain stover and root yield was significant.

The cumulative grain yields for the control, CPA at 5 and 10t/ha were respectively 3.27, 3.68 and 4.27t/ha
respectively.  Thus yield increased with level of CPA. The PM alone increased plant height, stoner and root

matter and grain yield on immediate (table 6) and residual (table 7) basis.  There parameters tended to increase
with level of PM.  The PM at 5 and 10t/ha increased grain yields by 39 and 43% respectively on immediate

basis, and 73 and 93% on residual basis.
Addition of PM to CPA at 5t/ha increased cumulative grain yield from 3.68 to 5.58t/ha.  Addition of PM

at 10t/ha to CPA at 10t/ha increased cumulative grain yield from 4.27 to 5.26t/ha. Addition of CPA at 5t/ha
to PM at 5t/ha increased yield from 4.94t/ha to 5.58t/ha.  Addition CPA at 5t/ha to PM at 10t/ha increased

cumulative yield  from 5.26 to 6.51t/ha. Therefore the two materials had cumulative effect and complement
each other in increasing yield of maize if CPA was used at 5t/ha only. Hence the higher cumulative yields

were given by combination of CPA at 5t/ha with PM at 10t/ha or 5t/ha, the values being 6.51 and 5.58 t/ha.
The combinations were followed by PM at 10 t/ha.  At similar rates, the PM increased grain yield than CPA

on immediate and residual basis.

Discussion

Analysis of PM and CPA used in the study showed that they were composed of N, P, Mg, Fe, Cu, Zn,
and Mn. The PM was higher in N, P, Mg, Fe, Mn, and Zn, had lower C:N ratio, whereas CPA had higher

values for K, Ca, and Cu. Aside from supplying these nutrients, the two organic materials combined are
expected to have cumulative effect on nutrient availability to maize and complement each other in their effects.

Because the test soil was low in major nutrients and Zn, the soil and test maize crop benefited from the
addition of CPA and PM, used alone or combined. Cocoa pod ash and poultry manure increased significantly

soil organic matter, maize and soil macro and micronutrient content on immediate and residual basis. The two
materials had cumulative and complementary effect on availability of nutrients in soil and nutrient uptake.

While the manure gave higher values of soil N, P, Ca and Mg and plant N, P, Zn, Fe, Cu and Mn than cocoa
pod ash, the CPA gave higher values of soil N, Zn, and Mn and plant K and Ca. The plant N, P, K, Zn and

Fe increased with level of poultry manure. The increases in soil and plant nutrient content adduced to the ash
and manure is consistent with the funding that the materials are composed of macro and micronutrients and

organic carbon. The nutrients released by the materials were made available for maize uptake. Studies by
Odedina et al. (2003) and Ajayi et al. (2007a) also showed that cocoa pod ash increased soil organic matter,

N, P, K, Ca and Mg. Ground cocoa pod husk was also found to increase soil macronutrients (Moyin Jesun,
2007a; 2007b; Ojeniyi et al., 2007). The finding that cocoa pod ash increased nutrients concentration in maize

can be related to earlier observations of that cocoa husk increased uptake of N, P, K, Ca and Mg by Okra
(Moyin Jesu, 2007a) and arabica coffee seedling (Moyin Jesu, 2007b). Ajayi et al (2007a, 2007b) also found

that cocoa pod ash increased stem and root nutrient content of kola (Cola nitida) seedlings. 
The present study indicates that increased availability of nutrients in soil and for maize uptake due to

application of cocoa pod ash and poultry manure led to increased dry matter yield, plant height and grain yield
of maize. Moyin-Jesu et al (2007a, 2007b) also found that cocoa husk increased growth and fruit yield of okra,

and growth of coffee seedlings. The finding that the manure increased grain yield than the cocoa pod ash can
be related to lower C: N ratio and higher N and P concentrations of the manure which ensured quicker

released of N and P which are respectively, the major nutrients limiting maize yield in Southwestern Nigeria
where this work was carried out. The increases in soil and plant nutrients content and yield attributed to the

organic materials are consistent also with the low macronutrients content of soil. 
The finding that combined application of cocoa pod ash and poultry manure gave highest yield attests to

the cumulative and complementary effect of the two materials in the release of nutrients for maize uptake.
Many studies have confirmed that poultry manure supplied macro and micro nutrients for crops uptake and

enhanced their yield (Adeniyan and Ojeniyi, 2005, 2006, Mbah and Mbagwu, 2006, Mbah, 2006, Akanni and
Ojeniyi, 2007). Different types of ash different from plant sources were also found to effectively supply

nutrients to maize, rice and vegetables thereby increasing their yield and nutrients content (Awodun et al.,
2007, Nottidge., 2005a, 2005b, 2007, Van Reuler and Janssen, 1996). The present study attests further to the

above previous findings.

Conclusion 

Agrowastes such as cocoa pod ash and poultry manure are effective source of macro and micro nutrients
for increasing soil fertility and performance of maize plant. W hen the manure was combined with the cocoa
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pod ash (at 5 t/ha), maize yield was maximized due to their cumulative and complementary effect on nutrient
availability. However, the poultry manure was a more effective source of N, P and Mg and was more effective

in increasing grain yield. The ash was more effective in increasing uptake of K and Ca.   
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