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Abstract

Purpose Composting has the potential to recycle wastes as

a means of conserving natural resources. The study was

aimed at examining feasibility of producing nutrient-en-

riched composts from pest infested cocoa pods with

chemical amendments and using manure composts as a

fertilizing material in cocoa seedling nursery.

Methods Cocoa pod waste was composted in static vessels,

aerobically, with chemical enrichments (triple super

phosphate charged at 0.4% P or urea charged at 0.8% N or

poultry manure charged at 22%) along with a control at the

Cocoa and Coconut Institute, Papua New Guinea. The

reaction (pH) of the composting mixtures (pH) and macro-

nutrients dynamics was monitored at periodic intervals.

Effect of soil incorporation of cocoa pod manure composts

at 10 g kg-1 was assessed on the growth and foliar con-

centration of macro-nutrients in hybrid cocoa seedlings.

Results In the finished manure composts, dry matter loss

ranged from 30.6 to 63.3%; greatest in composting mix-

tures charged with super phosphate and poultry manure.

Besides, super phosphate enriched mixture lost small

fraction of initial N (6.6%) compared to un-enriched cocoa

pod waste (30.2%). Composting mixtures with greater pH

values during composting process showed higher losses of

N. Super phosphate charged manure compost outperformed

the control, in terms of C/N ratio and concentration of

macro-nutrients (P, K, Ca, Mg and S). Quality parameters

for all the manure composts conformed to the Canadian

Compost Guidelines indicating satisfactory standards.

Waste cocoa pods enriched with superphosphate did not

show any deleterious effects on cocoa seedlings’ growth,

rather, improved plant height, dry matter production and

foliar N concentration.

Conclusion Waste cocoa pods, co-composted with triple

super phosphate and poultry manure, produced composts of

desirable quality and can be effectively used to fertilize the

cocoa seedlings.

Keywords Composting � Infested cocoa pods � C/N ratio �
Cocoa seedlings � Compost quality � Macro-nutrients

Introduction

Cocoa (Theobroma cacao L., family: Sterculiaceae) is a

major cash crop in Papua New Guinea (PNG) and many

tropical countries. Global annual production of dry cocoa

beans exceeded 3.98 million tons in 2011–2012 (ICCO

2012). Each ton of dry beans produced generates approx-

imately ten tons of cacao pod husks and the global burden

of pod husk waste continues to increase well over

40 million tons (Vriesmann et al. 2012). Valorization of

cocoa pod husk waste has been attempted by producing

animal feed (Aregheore 2002; Alexander et al. 2008), black

soap (Taiwo and Osinowo 2001), crude gums and pectins

for food and pharmaceutical industries (Samuel 2006;

Vriesmann et al. 2012) and as a fertilizer in crop produc-

tion (Oladokun 1986; Iberemo 2010; Oyewole et al. 2012;

Gusli 2013). PNG cocoa is known globally for its fine-

flavored cocoa beans and country earns an annual export

income of almost $100 million. The crop is grown in
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100,000–130,000 ha area and exports over 47,000 t of

cocoa (Nelson et al. 2011).

Generally, agro-wastes are converted into composts or

farm yard manure before being used in crop production to

improve soil fertility. Enrichments in composting improve

nutritive value; augment disease suppressive activity and

beneficial microbial populations in the composts (Postma

et al. 2003; Biswas and Narayanasamy 2006; Pugliese

et al. 2011; Diaz et al. 2011; Singh and Amberger, 1995;

Nishanth and Biswas 2008; Biswas 2011; Meena and

Biswas 2014). Such enriched composts partly substitute

mineral fertilizer requirements (Adamtey et al. 2009),

improve soil organic matter stocks, augument soil quality

and most importantly prevent loss of nutrient N through

volatilization (DeLaune et al. 2004; Steiner et al. 2010).

Soil fertility depletion and widespread nutrient defi-

ciencies are matters of concern in tropical regions of the

world due to lack of proper plant nutrient management. For

example in PNG, N and Fe were deficient in[89% of the

cocoa farms and P was deficient in about 25% (Nelson

et al. 2011). Nutrient outflow through cocoa beans and

husks have created large deficits in nutrient balance sheets.

At the average yield of 0.4 t ha-1 y-1, a total of 120 kg N,

24 kg P, 78 kg K, 9 kg Ca, and 21 kg Mg would be

removed from each hectare in 15 years. These fig-

ures could be ten times more if cocoa pod husks are not

recycled (Nelson et al. 2011; Fidelis 2014).

Proper waste recycling strategy has become all the more

important with the outbreak of cocoa pod borer (Conopo-

morpha cramerella Snellen; family: Gracillariidae) (Yen

et al. 2010). The cocoa pod borer (CPB) larva causes

damage to cocoa by boring into the pod and disrupting the

development of the beans. Although burial of infested pods

is the recommended practice for the control of CPB

infestation (DAFF 2014; Fidelis 2014), majority of growers

find this as a cumbersome activity (Curry et al. 2011).

Hence, of cocoa growers abandon CPB-infested pods and

opened husks in piles scattered on the farms thus directly

contributing to the multiplication of CPB. The husks and

pods scattered on the farm, can also harbor and pre-dispose

spread of black pod disease (Phytophthora palmivora)

inoculum (Yen et al. 2010).

The study reported herein envisaged to generate nutri-

ent-enriched composts from the CPB-infested pods.

Although a few brief and inconclusive studies have been

documented on the production of compost from cocoa

husks or direct recycling of husks, no studies ever

attempted using CPB-infested cocoa pods as feedstock for

compost. The present study, therefore, aimed at evaluating

pH and macro-nutrient dynamics during enriched com-

posting of CPB-infested cocoa pods and at testing the

fertilizing efficiency of composts on the growth and foliar

nutritional status of hybrid cocoa seedlings.

Materials and methods

Study location

The composts were prepared at the Tavilo Research Centre,

Papua New Guinea Cocoa and Coconut Institute

(PNGCCI) located in Kerevat, East New Britain Province.

The average annual rainfall of the area is 2700 mm per

annum and daily mean temperature ranges from 30 �C
during the day to 24 �C at night. The mean sunshine hour is

5.6 h day-1.

Composting feed-stocks and enrichments

Cocoa pod borer (CPB) infested pods were collected from

the field after a phyto-sanitary operation in 2013. The pest

CPB attacks both young and mature pods (DAFF 2014) and

therefore the pods used comprised of materials of diverse

biochemical composition. Before initiating the composting

processes, the pods were subjected to phyto-sanitation

procedures for preventing possible spread of the CPB pest.

The pods were enveloped in thick (500 l) polythene sacks

under sun for seven days. The heating of pods by solar-

ization ensured elimination of CPB eggs, larvae and pupae

(Upadhyay et al. 2009). After 7 days of solar treatments,

the pods were uncovered and diced into small fragments

(1.0–3.0 cm3) using machetes to serve as the feedstock for

composts.

The pods were co-composted with different combina-

tions of mineral N or P sources or poultry manure to ensure

improved compost quality and compost recovery. The

details of the four treatments used are presented in Table 1.

Fertilizer grade urea and triple superphosphate (TSP) were

used as mineral N and P source for co-composting,

respectively. The poultry manure was collected from layer

cages under deep litter system at National Agriculture

Research Institute, Kerevat, air-dried and stored in poly-

ethylene sacks. The top soil (0–25 cm depth) served as a

starter and was collected from the Tavilo plantation fields,

air-dried and sieved to 2 mm.

Experimental set-up and procedure

Composting was done in polythene bins or vessels with

diameter of 43 cm, height 41 cm and volume of *50 L. A

total of 30 small vents of *1.3 mm diameter were made

for air circulation at equal distance on the sides, lid and at

the base of each bin. The composting vessels were filled

with feedstock, enrichments and starter in layers. In brief,

bottom of the bins were filled with 2 kg saw dust to absorb

any excess moisture and also to act as a bulking agent.

Subsequent layer had 5 kg shredded pod husks (1–3 cm3
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size) with or without enrichments spread on the layer. The

layer of shredded pods along with enrichments was

enveloped by 2 kg of top soil layer. The enrichments were

130 g TSP powder and/or urea prills or 1.6 kg poultry

manure to each layer of pods according to the treatment

description outlined in Table 1. Thus, the pods were

charged with TSP or urea or poultry manure at 0.4% P,

0.8% N and 22% mass of materials used for composting,

respectively. The important properties of the pod husk, top

soil, poultry manure and saw dust used are presented in

Table 2. Moisture content of the composting mixtures was

adjusted to 65% by weight with the addition of tap water.

Composting process was terminated on day 90 by spread-

ing the contents of the vessels on clean polythene sheets for

air drying.

Sampling and physico-chemical analysis

Representative sample of pod husk, poultry manure, topsoil

and saw dust were drawn in triplicates, oven dried at 65 �C
for 48 h and analyzed for moisture content, pH and macro-

nutrients content. Composting mixtures were turned once

in *10 days (on composting days 11, 16, 28, 32, 44, 53,

61, 70, 80 and 90). The turning frequency was chosen

according to Nikaeen et al. (2015). Turning of compost

materials gives the benefit of forcing aeration, homoge-

nizing materials and adjusting water content. On days 17,

45, 61 and 90 samples were collected, fresh weight of the

composting mass was recorded on a balance. Three sub-

samples (*200 g) were taken from the top, middle, and

bottom of each vessel were combined to form one com-

posite sample per composting vessel. Dried samples were

ground with a grinding mill and sieved through a 1-mm

sieve. Total organic C and total N were analyzed by the dry

combustion and micro-Kjeldahl method, respectively.

Total elemental composition (P, K, Ca, Mg and S) was

estimated in Aqua Regia (concentrated HCl-HNO3 at 3:1 v/

v ratio) digested samples in an Inductively Coupled

Plasma-Optical Emission Spectrophotometer (Varian

725ES model) (Chen and Ma 2001). The pH was recorded

after suspending the feed-stocks and compost sample

powders in deionized water (1:10 w/v) for 1 h using a pH

meter. The mass loss of composting mixture at termination

of experiment was calculated by gravimetric procedure on

oven-dry weight basis (Frederick et al. 2004).

Assessment of fertilizing efficacy of composts

The efficacies of pod composts were assessed on hybrid

cocoa seedlings were grown in polybags. Composts

obtained at day 90 were tested as fertilizer in the nursery

growth medium of hybrid cocoa seedlings in Oct–Dec,

2013.

Nursery preparation

The experimental site was situated in the Cocoa Breeding

Nursery of Tavilo Research Center, PNG. The seedling

bays were constructed with iron pickets and tire wire to

hold the polybags in rows. The top surface of the seedling

Table 1 Details of composting

treatments with feedstock

composition

Treatments and composition Quantities of feedstock, starter and enrichments used

In a layer In a vessel

Pod husk ? top soil (CC1) 5 kg ? 2 kg 15 kg ? 6 kg

Pod husk ? top soil ? super phosphate (CC2) 5 kg ? 2 kg ? 133 g 15 kg ? 6 kg ? 400 g

Pod husk ? top soil ? urea (CC3) 5 kg ? 2 kg ? 133 g 15 kg ? 6 kg ? 400 g

Pod husk ? top soil ? poultry manure (CC4) 5 kg ? 2 kg ? 1.67 kg 15 kg ? 6 kg ? 5 kg

Table 2 Chemical properties

and macro-nutrients in feed-

stock and other enrichments

used in composting

Parameters Topsoil Cocoa pod Poultry manure Sawdust

pH in suspension 7.25 ± 0.85 5.66 ± 0.41 6.29 ± 0.23 3.45 ± 0.78

Total OC (mg g-1) 20.4 ± 6.77 409 ± 56.9 425 ± 44.1 561 ± 26.2

Total N (mg g-1) 2.41 ± 1.20 15.6 ± 3.51 21.0 ± 9.93 0.80 ± 0.33

C:N ratio 8.50 ± 4.72 26.2 ± 8.30 24.4 ± 11.6 701 ± 43.1

Total P (mg g-1) 1.15 ± 0.44 3.24 ± 0.72 10.2 ± 3.14 0.32 ± 0.15

Total K (mg g-1) 9.62 ± 3.97 25.2 ± 8.41 10.3 ± 4.55 0.14 ± 0.06

Total Ca (mg g-1) 24.2 ± 15.2 1.84 ± 0.57 10.0 ± 3.32 2.47 ± 0.88

Total Mg (mg g-1) 7.53 ± 4.61 2.62 ± 0.81 3.57 ± 1.12 0.32 ± 0.20

Total S (mg g-1) 0.64 ± 0.33 1.36 ± 0.55 2.48 ± 0.87 0.24 ± 0.17
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bays was covered with Visqueen� sheet. The seedling bay

area was partially shaded with a green shade cloth (50%

sunlight absorption property). The topsoil collected from a

garden plot at the PNGCCIL’s Raulawat plantation served

as the growth medium. The topsoil was air-dried for five

days under shade, sieved (\2 mm) and filled in standard

size polybags (175 cm 9 350 mm) at the rate of 2 kg

topsoil per bag. A sub-sample of the topsoil analyzed for

the physico-chemical properties revealed that top soil used

as substrate for the experiment was slightly alkaline soil

with a pH 7.29 (1:2.5 soil to water ratio), non-saline

(electrical conductivity 0.05 dSm-1) and poor in organic C

and nitrogen contents (0.21 and 0.16%, respectively).

Polybags with topsoil were arranged in the seedling bays

for imposition of treatments.

Treatments, nursery management and monitoring

The topsoil in polybags was either amended with one of the

cocoa pod composts at the rate of 20 g polybag-1 to cor-

respond a compost application rate of 20 t ha-1 (Adejobi

et al. 2011). A control was also maintained with soil only.

None of the polybags received any mineral fertilizer which

is the usual practice by the farmers. Each treatment was

replicated six times and was randomly (completely ran-

domized design) arranged in the seedling bays. Disease

free hybrid cocoa seeds of KA6-106 9 KEE42 parentage

(Upper Amazonian 9 Trinitario) were collected from ripe

pods at Tavilo Cocoa Seed Gardens, PNGCCIL. The seeds

were then pre-germinated by wrapping in a clean, moist

cloth for 6 days and were then sown at three seeds per poly

bag (Asare and David 2011). They were watered suffi-

ciently and regularly with stored rain water. 2 weeks after

planting seedlings were thinned to retain one healthy and

uniform growing seedling per polybag. Seedlings were

watered regularly with the stored rainwater. The experi-

ment was terminated 75 days after planting by cutting the

plants close to soil. Stem and leaf blades were separated,

root portion was carefully removed from soil with a jet of

water, rinsed with water and oven dried to record dry

weight. Dried leaf blades were ground in an electric

blender and assayed for macro-nutrients as explained in

‘‘Sampling and physico-chemical analysis’’.

Statistical analysis

One-way analysis of variance (ANOVA) was used to

determine whether the chemical characters and macro-nu-

trient contents differed among the composts at different

sampling intervals. Same test was employed to crop growth

parameters upon compost application to the soil. When

F-test was significant, means were separated by an LSD

test. The samples collected from individual composting

vessels were treated as replicates for each sampling time.

All statistical analyses were performed with the Statistix

8.0 software.

Results and discussions

The pH values of the major feed-stocks were within the

range of 3.45 and 7.25 (Table 2). Topsoil used as a starter

had the highest pH (7.25) whilst poultry manure, pods and

sawdust had pH of 6.29, 5.66 and 3.45, respectively.

Poultry manure contained higher amounts of N, P and S

nutrients than topsoil, cocoa pods and sawdust.

Mature composts were harvested on day 90 and the mass

loss of wastes in un-enriched mixture (CC1) was signifi-

cantly (P\ 0.05) smaller and produced significant mass of

compost than the other mixtures (Table 3). The dry matter

loss% also differed significantly ranging from 30.6 to

63.3% among the mixtures with greatest losses from

P-enriched mixture (CC2) and poultry manure-enriched

mixtures (CC4). Mass loss depends on composting meth-

ods followed and the biochemical qualities of the feed-

stocks used for composting. For example, different meth-

ods of composting wheat straw and labile agricultural

waste could result in 40–50% mass loss upon composting

(Verma et al. 2014); our results were comparable to these

findings. Decomposition and composting of cocoa pods

depends on biochemical composition of wastes. Certain

microbial inhibitors such as phenolic substances occurring

in the cocoa pod husks, besides, higher lingo-cellulosic

materials could retard the organic matter decomposition

rates (Yapo et al. 2013). Besides saw dust with a wide C:N

ratio was also used in the study. However, the major

feedstock in the study, CPB-infested pods were mostly

immature. Narrow C:N ratio of the waste pods, thus, pos-

sibly helped in the decomposition process. In co-com-

posting treatments, top soil and sawdust also helped to

circumvent the effect of phenolic substances through

bulking or dilution.

Co-composting of CPB-infested pods with various

additives significantly influenced (P\ 0.05) evolution of

pH (Fig. 1). The pH among the composting mixtures varied

between pH 6.93 and pH 8.46. Generally, the pH values of

CC1 and CC3 composting mixtures increased through

sampling days 17–90. Enriching the pods with poultry

manures and super phosphate prevented the upsurge of pH

in the compost mixture. This could be due to increased

accumulation of mineralized N as NH4
?–N. The accumu-

lated NH4
?–N could be volatized as NH3, incorporated into

microbial cells, if sufficient readily degradable C is avail-

able or converted into NO2
-—and then into NO3

-—by the

nitrifying bacteria depending on the stage of composting

and chemical characteristics of the composting pile (Gibbs
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et al. 2002). Lowering of the pH in N-enriched compost

could be due to acidification associated with production of

NO3
-–N during the nitrification process.

The total N concentration of composting mixtures pro-

gressively declined during composting (Fig. 2). The

NH4
?–N produced during mineralization could be lost

through volatilization process and by leaching (Gibbs et al.

2002; Frederick et al. 2004; Tripetchkul et al. 2012).

Gaseous emissions as nitrous oxide through denitrification

and nitrogen volatilization have also been common (He

et al. 2000; Veeken et al. 2002). The total N loss over

90 day was 30.2, 6.6, 28.8 and 9.7% of the initial N con-

tents for CC1, CC2, CC3 and CC4 composts, respectively.

Similar findings were made by Tran et al. (2012) with rice

straw compost charged with super phosphate. The extent of

volatile N loss was comparable to values reported by Wu

et al. (2010). Enrichments improved the N content of the

final composts; prominent effects were noticed in CC3 and

CC4 mixtures (Fig. 2). Chemical enrichment agents such

as phosphogypsum, phosphate rocks, phosphoric acid,

alum and simple/single superphosphate have been tradi-

tionally used to reduce volatilization losses of N. Findings

of the study indicate that triple superphosphate is effective

to prevent volatilization loss of N from cocoa pod com-

posting mixtures.

Frequently, the decomposition of composting feed-s-

tocks might experience N or P limitations and enrichment

of the feedstock with mineral N and/or P could have

improved the decomposition rates as evidenced by maxi-

mum mass loss in TSP and poultry manure enrichments.

However, in the current study, possibility of N limitation is

very remote as the cocoa pods had a C/N ratio of 26, which

could be an easily decomposable material. C/N ratio has

been used as an indicator of the potential of compost sta-

bility. A mature compost should have an C/N ratio B25

(Sangamithirai et al. 2015). The C/N ratio of the final

composts was also lower than 12 (Table 3). When

enrichment with mineral N and/or poultry manure was

made, final compost products showed C/N ratio *7. One

of the consequences of using such composts with low C/N

ratio is the possible phytotoxic effects on sensitive crops

but might have nematicidal value (Rodriguez-Kabana et al.

1987).

The total P content of the composting mixtures were

significantly (P\ 0.05) different amongst the compost

treatments (Fig. 3). As expected, the pod wastes fortified

with 0.6% P (CC2) produced composts with higher total P

content compared to other composts generated. The P

concentration increase in all composting mixtures is

attributed to loss of carbon (C) during decomposition and

addition of P through co-composting substrates. Poultry

manure is a P- rich source and used widely to improve the

Table 3 Compost mass,

organic matter loss and C/N

ratio of the manure composts

(day 90.) Dry matter loss and

C/N ratio are on dry weight

basis

Composting mixture Compost mass (kg) Dry matter loss (%) C/N ratio

Pod husk ? top soil (CC1) 13.3b 30.6a 11.1b

Pod husk ? top soil ? super phosphate (CC2) 6.80a 62.2c 10.4b

Pod husk ? top soil ? urea (CC3) 8.24a 54.4b 6.35a

Pod husk ? top soil ? poultry manure (CC4) 8.05a 63.3c 7.46a

P value 0.02 0.04 0.001

LSD (0.05) 2.70 7.30 1.50

Treatment means with different lower case letters in a column indicates significant difference at P = 0.05

Fig. 1 Profile of pH in composting mixtures during the composting

process. Error bars indicate LSD values at P = 0.05

Fig. 2 Changes in total N content of composting mixtures during the

composting process (on dry weight basis). Error bars indicate LSD

values at P = 0.05
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P content of composts (Ch’ng et al. 2013). Similar results

were observed for other macro-nutrients (K, Ca, Mg and S)

(Table 4). Enrichments significantly improved the macro-

nutrient concentration of compost mixtures. Among the

manure composts, CC2 was superior to control, in terms of

K, Ca, Mg and S concentration. The elevated concentra-

tions of Ca and S nutrients were a result of nutrient con-

tributions from triple superphosphate besides the mass loss.

Triple superphosphate contains 15% Ca and small amounts

of S (*1%) thereby enhanced the nutritive value of the

final compost (Mudahar 2013). Although, K content in

CC3 and Mg content in CC4 composts were higher than

that from CC2, the differences were not statistically sig-

nificant. All the composts produced from waste pods and

used in the study met the quality standards of Canadian

Fig. 3 Changes in total P content of composting mixtures during the

composting process. Error bars indicate LSD values at P = 0.05

Table 4 Nutrient composition of composting mixtures at the beginning and at maturity

Composting mixture Total K (mg g-1) Total Ca (mg g-1) Total Mg (mg g-1) Total S (mg g-1)

17 days 90 days 17 days 90 days 17 days 90 days 17 days 90 days

Pod husk ? top soil (CC1) 51.7c 62.4b 25.3a 34.9a 8.61a 9.10a 0.40a 0.80a

Pod husk ? top soil ? super phosphate (CC2) 72.3a 86.8a 88.7c 94.0c 10.6a 14.2b 1.50b 1.90c

Pod husk ? top soil ? urea (CC3) 63.2b 89.2a 26.3a 43.8b 9.33a 16.3b 0.70a 1.40b

Pod husk ? top soil ? poultry manure (CC4) 67.4ab 85.1a 36.5b 39.2ab 14.9b 16.7b 0.80a 1.30b

P value 0.004 0.04 0.0001 0.03 0.004 0.001 0.01 0.03

LSD (0.05) 8.50 9.10 6.50 5.07 3.10 4.20 0.60 0.12

Treatment means with different lower case letters in a column indicates significant difference at P = 0.05

Table 5 Growth response of

hybrid (F1) cocoa seedlings to

the soil amendment of different

pod manure composts

Fertilization treatments Plant height (cm) Total dry matter (g plant-1)

Control (without compost) 29.4ab 11.9b

Soil ? un-enriched compost (CC1) 28.3bc 11.5b

Soil ? P-enriched compost (CC2) 28.3bc 12.7a

Soil ? N-enriched compost (CC3) 26.3c 11.4b

Soil ? Poultry manure-enriched compost (CC4) 30.9a 12.8a

P value 0.01 0.01

LSD (0.05) 2.4 0.51

Treatment means with different lower case letters in a column indicates significant difference at P = 0.05

Table 6 Effect of different pod composts on the foliar nutrient content (mg g-1 dry matter) of hybrid cocoa seedlings

Fertilization treatments Total N Total P Total K Total Ca Total Mg Total S

Control (without compost) 20.6a 1.81 20.1 9.03 3.15 1.90

Soil ? un-enriched compost (CC1) 24.9bc 1.50 19.4 9.50 2.90 1.63

Soil ? P-enriched compost (CC2) 26.7c 1.82 22.4 11.3 3.44 1.95

Soil ? N-enriched compost (CC3) 21.5a 1.74 22.7 9.24 3.02 1.92

Soil ? Poultry manure-enriched compost (CC4) 23.0ab 1.70 20.2 10.2 3.16 2.10

P value 0.04 0.62 0.64 0.83 0.98 0.07

LSD (0.05) 3.37 – – – – –

Treatment means with different lower case letters in a column indicates significant difference at P = 0.05
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Compost Guidelines (1996)—C/N ratio below 25, pH

5.5–8.5, a minimum concentration of total N, P, K, Ca and

Mg at 0.60, 0.25, 0.20, 3.0 and 0.30%, respectively.

The growth response of hybrid cocoa seedlings differed

significantly (P\ 0.05) among the soil incorporation of

various enriched manure composts (Table 5). CC3 com-

post addition to soil suppressed the plant height by 10.5%

compared to the soil that did not receive any compost. Crop

growth suppression in CC3 compost could be due to phy-

totoxic consequences of using compost with low C/N ratio

(Rodriguez-Kabana et al. 1987). Suppression effects in

terms of plant height were not visible in seedlings grown

on soils amended with CC4 compost. Suppressive effects

on dry matter production were not prominent in composts

CC1 and CC3. In summary, two manure compost formu-

lations (CC2 and CC4) encouraged cocoa seedlings dry

matter production. These findings were similar to that of

observations made by Moyin-Jesu (2015) in cabbage crop

supplemented with poultry manure.

Soil incorporation of various manure composts sig-

nificantly (P\ 0.05) affected the foliar N concentration

in cocoa seedlings (Table 6). Soil amendment with CC2

compost evinced the greatest N concentration in foliage

followed by CC1, CC4, CC3 and control. Nutrient con-

centration of P, Ca and Mg were also greater in CC2

compost amendment. Contrary to our findings, N-en-

riched compost increased N concentration and uptake in

wheat crop (Akhtar et al. 2011). This could be partly due

to N dilution in the actively growing biomass. In the

current study, the nutrient contents were measured at

active growing stage (vegetative) when significant

nutrient dilution can occur. Secondly, in the current

study no mineral fertilizers were used along with manure

composts in accordance with local farmer’s practices.

Phosphorous-enriched cocoa pod compost improved N

concentration in cocoa leaves due to possible improve-

ment in absorption and accumulation of N. The results

were in line with previous work done by Kavitha and

Subramanian (2007).

Conclusions

The results clearly showed that borer infested cocoa pods

can be effectively used to produce nutrient-enriched com-

posts of acceptable quality. Composting without any

adjuvant and urea resulted in composts with high pH values

with the potential for some N loss through volatilization

process. Co-composting cocoa pods with super phosphate

and poultry manure prevented the upsurge of pH and

conservation of N during composting process. Super

phosphate charged cocoa pod compost was also superior in

respect of P, S and Ca nutrients.

Nutrient-enriched cocoa pod composts can be success-

fully used as a nutrient supplement in the growth medium

of the cocoa seedlings. Fertilization of cocoa seedlings with

enriched cocoa pod composts (charged with superphos-

phate or poultry manure) improved growth (dry matter)

through improved N uptake.

However, before the infected pod composts are widely

used, further studies are needed. Results of the study

indicate some losses of N through volatilization during

cocoa pod composting without any amendments. Cheaper

alternatives to superphosphate need to be identified that

prevent upsurge of pH and possible losses of N from

composting mixture. Such studies must also focus on

microbiological parameters to ensure destruction of dor-

mant stages of CPB and pathogens.
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