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ARTICLE INFO  ABSTRACT  

  The global demand for crop production has led to an increased in the use of inorganic fertilizer. 
However, single and long-term use of inorganic fertilizer negatively affects the environment and soil 
structure. Alternatively, organic materials can be composted and used as fertilizer. Although organic 
fertilizers have low nutrient concentration and solubility, they slowly release nutrients, making them 
available for a more extended period. Moreover, the waste by-products such as biomass and manure 
from plantations and livestock farms are readily available in abundance. Therefore, this study was 
conducted to determine the effects of four organic fertilizers (chicken manure, cow manure, empty 
fruit bunch, and cocoa pod husk) and inorganic fertilizer as a control on the soil chemical properties 
and production of cocoa. We found that organic fertilizers, at their optimal application rate, yielded 
similar cocoa dried beans production with inorganic fertilizer. Furthermore, we found that there was 
no difference in the soil chemical properties between the treatments. Hence, this study has 
demonstrated that organic fertilizers could improve soil chemical properties and eventually increase 
cocoa production. 
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Introduction 

Fertilizers are organic or inorganic materials added to the 
soil to supply plants with certain essential elements to 
grow (Panda, 2010). They have played an essential role 
in increasing crop production, including cocoa. The 
global consumption of fertilizers is steadily increasing 
every year as demand from growers is continuously 
rising significantly for inorganic fertilizers. However, with 
the increasing price of inorganic fertilizers and adverse 
effects on the environment and soil structure, the best 
alternative is using organic fertilizers optimally. 
 
Organic materials are naturally occurring materials of 
biological or mineral origin (Allen, 2010). Although 
organic materials are low in nutrient concentration or 
solubility, or both, the slow release of nutrients makes 
them available for a more extended period. In plantation 
and livestock farming, there is an abundance of waste 
by-products (biomass and manure) readily available to 
be used as a source of nutrients. These organic materials 

contain various essentials nutrients and can improve soil 
physical and chemical properties, nutrient holding and 
buffering capacity, and enhance microbial activities 
(Suzuki, 1997). 
 
Thong and Ng (1978) reported that cocoa's nutrient 
uptake is relatively high (400 kg N, 40 kg P and 500 kg K 
with 5-years old matured cocoa). However, some of 
these requirements have been met through the 
appropriate use of cocoa pod husk, poultry manure, and 
mineral fertilizer in Southwestern Nigeria (Ayeni et al., 
2008). Another study also showed the effectiveness of 
nutrient-rich oil palm residues, coconut husks, and other 
agricultural wastes in cocoa plantation (Sharifuddin and 
Zaharah, 1987). These studies indicate that steady 
improvement in soil productivity and crop performance 
could be achieved by applying organic materials such as 
crop residues and livestock. Therefore, this study was 
conducted to determine the effects of four organic 
fertilizers (chicken manure, cow manure, empty fruit 
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bunch, and cocoa pod husk) and inorganic fertilizer on 
cocoa production and the soil chemical properties. It is 
expected that the results of this study could persuade 
cocoa farmers to use organic fertilizers in their farms. 
 

Materials and Methods 

The trial was conducted at the Malaysian Cocoa Board 
Research and Development Centre in Madai, Kunak, 
Sabah, Malaysia and arranged in a Randomized 
Complete Block Design (RCBD) with three replicates. 
Seven years old cocoa trees from Clone BR 25 were used. 
Fertilizer treatments were based on cocoa nutrient 
uptake – 400 kg N, 40 kg P and 500 kg K on 5-years old 
matured cocoa. The treatments were; T1 – Mix straight 
fertilizer (0.86 Mg ha-1 yr-1 Urea (46% N) + 0.086 Mg ha-1 
yr-1 TSP (46% P2O5) + 1.0 Mg ha-1 yr-1 MOP (50% K2O), T2 
– Chicken manure (3% N, 1% P, 2% K = 13.3 Mg ha-1 yr-1, 
T3 – Cow manure (2% N, 1% P, 2% K = 20.0 Mg ha-1 yr-1), 
T4 – Empty fruit bunch (1.5% N, 0.02% P, 1.28% K = 26.6 
Mg ha-1 yr-1), and T5 – Cocoa pod husk (2.18% N, 2.15% 
P, 3.54% K = 18.3 Mg ha-1 yr-1). Each treatment was 
applied four times per year onto 35 trees. The 
experimental size was about 0.5 ha. Beans were 
removed from harvested pods and fermented in a 
wooden box for five days with a turn on day 3. The 
fermented beans were sun-dried for seven days until the 
moisture content dropped to 6 to 7%. Samples of the 
dried beans from each treatment were taken to the 
laboratory for analyses. All experimental plots were 
given similar agronomic practices, which included 
pruning and applications of weedicide and pesticide. 
Parameters recorded were as follows: 
 

 Pod and bean analysis 

Pod analysis was conducted based on Haya et al. (2007). 
Five ripe pods were sampled out from each plot during 
peak harvest measured for length, diameter and width 
of pods (cm), the weight of harvested pods (kg), average 
number of beans/pod, single dry bean weight (g), and 
pod index (number of pods to produce 1 kg dry beans). 
 

 Yield production  

Yield production was measured based on Osman et al. 
(1994). The number of pods per tree was taken to 
determine the production of pods. Successful pods 
having a perimeter of 20–25 cm were counted and 
marked with blue paint. The number of pods then 
recorded every month, starting from 2 months after all 
treatments were applied. Mature pods were harvested 
twice a month or 10-14 days interval, and the total 
number of harvested mature pods was recorded to 
determine the actual yield of harvested mature pods. 
 
 Soil and leaf sampling 

Soil and leaf samplings were conducted based on 
Denamany & Rosinah (1994). Soil samples were taken 

from two depths, 0–20 cm and 20–40 cm. Leaf sample 
was taken from the fourth leaf of the last maturing flush. 
Both soil and leaf samples were taken before the first 
application of treatments and at the end of the project. 
All samples were sent to an accredited laboratory for 
nutrient analysis. 
 
Results 

 Effects of fertilization treatments on coca pod and bean 
quality 

All treatments did not affect pod quality parameters 
such as length, diameter, width, and weight (p>0.05) 
(Table 1). Treatments such as T1 and T5, however, 
slightly increased pod weight with the mean value 
ranged from 408.0 g to 412.7 g, which was beyond the 
expected average pod weight of 395.0 g. Such an 
increase in weight is likely to have a positive effect on the 
quality of the bean. These pod characteristics were 
probably the least factor that could affect the yield 
production, they are, nevertheless, important in cocoa 
breeding. (Wood & Lass, 1985). 
 
There was no significant difference between the 
treatments on bean quality parameters such as the 
number of beans per pod, average of dry bean weight, 
and pod value (p>0.05). However, the number of beans 
per pod for T1 was found significantly higher (32.7) than 
the other treatments (p<0.05). However, such a number 
of beans is still considered low as the average number of 
beans per pod is 40. It was also found that the average 
dry bean weight for all treatments was between 0.79 g 
to 0.92 g, which was less than the expected average bean 
weight of 1.00 g. Therefore, based on the results, all 
treatments have a relatively higher pod value ranging 
from 38 to 56, which was beyond the range of an 
acceptable pod value of 25 and below, which could also 
affect the yield of cocoa production. According to 
Mainstone and Thong (1978), potassium is consistently 
associated with increased fresh pod weight. They also 
reported that potassium was the factor in increasing the 
number of pods and decreasing the weight of the pod 
contents by reducing either the mucilage weight, or the 
number of beans, or the bean weight, which correlate 
with pod value. Therefore, the high pod value for all 
treatments could be due to the availability and sufficient 
uptake of potassium in both soil and leaf, respectively. 
 
 Effect of fertilization treatments on yield production 

Generally, pods can be harvested throughout the year; 
however, there are two main fruiting seasons for cocoa, 
depending on the climate condition. According to our 
data, the rainfall distribution pattern at the experimental 
site was uniform throughout the year, with a mean of 
nearly 2000 mm (Table 2). Furthermore, it clearly 
showed that the peak months of cropping for all 
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treatments in Figure 1 were less pronounced and 
appeared to be the same (July–September and 
December–March). This similar crop pattern is more 
substantial when it is expressed to an average of dried 
bean per month, whereas it shows no significant 
difference (p>0.05) between the treatments (Figure 2). 
Otherwise, the yield production for 21 months after its 
first application had shown that the effect of treatments 
on the yield production for total cumulative dried bean 
appeared to be consistent throughout the study. 
However, the highest production was in T1 (2042.4 kg ha-

1) followed by T4 (1921.3 kg ha-1), T2 (1571.1 kg ha-1), T3 
(1519.7 kg ha-1) and the lowest production, T5 (1367.0 kg 
ha-1) (Figure 1). These varying results, however, gave no 
significant difference between the treatments (p>0.05). 
It is reasonable to assume that all treatments produced 
the same results because there was no significant 
difference observed in yield. The differences in yield 
production of the treatments have mainly relied on 
other yield components such as pod yield per tree (PYT), 
pod value (Pod Value), average dry bean weight (ADBW), 
and bean number per pod (BNP). 
 
The study by Yadav et al. (2013) on cow manure, 
Adeniyan and Ojeniyi (2005) on chicken manure, 
Sharifuddin and Zaharah (1987) on the empty fruit 
bunch, and Ayeni (2008) on cocoa pod husk had 
indicated that organic materials produced more 
significant or similar yield production compared with 
inorganic fertilizer. Similar results were obtained in this 
study. Our study demosntrated that organic materials 
such as cow manure, chicken manure, empty fruit bunch, 
and cocoa pod husk had consistently produced a positive 
yield production that comparable with conventional or 
inorganic fertilizer as indicated in the result. Therefore, 
such yield consistency should help a better 
understanding of organic materials' vital role to improve 
the crop yield, particularly in cocoa plantations. 
 

 Effect of fertilization treatments on soil nutrients  

Soil nutrient analysis after treatments applied (Table 3) 
indicated that there was no significant difference 
(p>0.05) in all nutrient levels due to treatments. In 
contrast, soil pH was found lower and might affect some 
plant nutrients' availability during this study. However, 
soil nitrogen concentration was lower than the adequate 
range, where the mean value was ranging from 0.09 % to 
0.15 %. Besides, topsoil has the highest nitrogen 
concentration, while below it, not much nutrition is 
acquired. All treatments had less than the adequate 
range (>15.0 ppm) for phosphorus with a mean value 
between 2.80 ppm to 13.25 ppm. As for potassium, all 
treatments showed higher concentration nutrients than 
the adequate range (0.24 cmol kg-1), ranging between 
0.44 cmol kg-1 to 0.59 cmol kg-1. Organic materials 
release their nutrients slowly by breaking down the 
material to ammonium (mineralization) through 
microbial activity in the soil (Ann et al., 2017). The 
production of ammonium will affect soil pH. Also, lime 
was applied to the soil twice annually to adjust the soil 
pH, but it often takes a year or more before a response 
can be seen even under perfect conditions. It is known 
that the optimum pH for cocoa is 6.5, and the soils within 
the range of 5.5–7.0 should be selected where major 
nutrients and trace elements will be available. If the 
acidity increased, the major nutrients, phosphorus in 
specific, become less available, while others like iron, 
manganese, copper, and zinc could increase, possibly 
creating toxicity. In this study, organic materials 
treatments such as cow and chicken manure, empty fruit 
bunch, and cocoa pod husk have positively affected the 
soil nutrients. The high availability of potassium in both 
top and subsoil for the organic amendment was as good 
as the soil treated by inorganic fertilizer. This observation 
was agreed by Akanbi et al. (2014), which stated that 
organic fertilizer application had a significant impact, 
particularly on soil nutrients, organic matter, and pH in 
cocoa crops. 

 

Table 1. Effect of different organic and inorganic fertilization treatments on the pod and bean qualities in cocoa  

Variables T1 T2 T3 T4 T5 

Pod length (cm) 16.12 ± 0.71a 15.68 ± 0.43a 15.94 ± 0.40a 15.55 ± 0.79a 16.11 ± 0.49a 

Pod diameter (cm) 24.87 ± 0.80a 24.49 ± 0.64a 24.44 ± 0.98a 23.93 ± 1.11a 24.62 ± 0.20a 

Width (cm) 7.77 ± 0.23a 7.64 ± 0.23a 7.67 ± 0.24a 7.74 ± 0.10a 7.72 ± 0.08a 

Weight of pod (g) 412.7 ± 40.21a 389.5 ± 28.66a 379.7 ± 30.48a 380.3 ± 42.15a 408.5 ± 18.58a 

Number of beans/pod 32.70 ± 1.50a 26.00 ± 1.34b 30.45 ± 0.46ab 26.93 ± 0.64b 27.19 ± 1.53ab 

Average dry bean weight (g) 0.92 ± 0.13a 0.79 ± 0.06a 0.90 ± 0.03a 0.85 ± 0.04a 0.87 ± 0.09a 

Pod value 38.19 ± 7.64a 56.19 ± 8.94a 39.37 ± 2.98a 48.48 ± 2.98a 45.82 ± 7.19a 

Means (± S.E.) with the same letter (superscript) within rows are not statistically different using Tukey’s at P > 0.05 probability level. Treatments  
- T1–Mixture of inorganic fertilizers, T2 – Chicken manure, T3 – Cow manure, T4 –Empty fruit bunch, and T5 – Cocoa pod husk. 
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Table 2. Rainfall distribution per month from the year 2015 – 2016 

Month 
Rainfall distribution (mm) 

2015 2016 

January 593.8 47.0 
February 45.0 63.1 
March  113.1 102.2 
April 63.9 102.0 
May 130.4 127.8 
June 165.6 120.5 
July 70.9 127.7 
August 130.5 224.5 
September 63.9 244.6 
October 107.7 272.6 
November 188.4 215.8 
December 223.7 217.6 

Total 1896.9 1865.4 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Crop pattern and its cumulative yield production as affected by different fertilization treatments. Means with the same 

letter are not statistically different using Tukey’s at p>0.05 probability level. Crop pattern: - T1– Mixture fertilizer, T2 – 
Chicken manure, T3 – Cow manure, T4 –Empty fruit bunch and T5 – Cocoa pod husk; Cumulative yield dry bean: - t1– 
Mixture fertilizer, t2 – Chicken manure, t3 – Cow manure, t4 –Empty fruit bunch and t5 – Cocoa pod husk 

 
 
 
 
 
 
 

 
Figure 2. Mean of dried bean per month for 21 months period. Means with the same letter are not statistically different using 

Tukey’s at p>0.05 probability level. Treatments - T1– Mixture fertilizer, T2 – Chicken manure, T3 – Cow manure, T4 –Empty 
fruit bunch and T5 – Cocoa pod husk. 
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Table 3. Adequate range; and soil pH, Total N, Available P, and Exchangeable K in different soil depth under different fertilization 
treatments  

Treatment 
pH (H20) Total N (%) Available P (ppm) Exch. K (cmol (+) kg−1) 

0-20 cm 20-40 cm 0-20 cm 20-40 cm 0-20 cm 20-40 cm 0-20 cm 20-40 cm 

Optimum range* 5.5 -6.5 > 0.16 > 15 > 0.24 

T1 4.60 ± 0.15a 4.53 ± 0.18a 0.12 ± 0.01a 0.09±0.006a 8.40 ± 3.20a 1.43 ± 0.71a 0.56 ± 0.05a 0.51 ± 0.06a 
T2 4.46 ± 0.03a 4.50 ± 0.11a 0.14 ± 0.02a 0.11 ± 0.02a 13.35±6.05a 3.05 ± 1.85a 0.56 ± 0.12a 0.44 ± 0.07a 
T3 4.37 ± 0.08a 4.43 ± 0.09a 0.09±0.006a 0.11 ± 0.02a 2.80 ± 0.70a 1.45 ± 1.15a 0.59 ± 0.15a 0.50 ± 0.03a 
T4 4.67 ± 0.16a 4.53 ± 0.09a 0.15 ± 0.01a 0.10 ± 0.03a 6.60 ± 0.70a 1.05 ± 0.35a 0.49 ± 0.04a 0.50 ± 0.09a 
T5 4.37 ± 0.06a 4.30 ± 0.15a 0.13 ± 0.01a 0.09 ± 0.02a 8.80 ± 2.70a 2.57 ± 1.28a 0.57 ± 0.10a 0.56 ± 0.11a 

Means with the same letter (superscript) within columns are not statistically different using Tukey’s at P > 0.05 probability level. (mean ±  S.E.); 
*Source: Wong, I. F. T. (1974) (revised) – Soil-crop suitability classification for Peninsular Malaysia, Soils and Analytical Services Bulletin Nr.1, 
Ministry of Agriculture, Kuala Lumpur) 

 
Conclusion 

Our study has shown that organic materials' application 
produces comparable results with inorganic fertilizer, 
particularly on the pod and bean characteristics and 
cocoa yield production. The nutrient status of the soil 
was also almost related to the efficacy of the organic 
materials' availability and uptake. Organic fertilizers 
increase the soil pH and make the nutrient available for 
an extended period to plants. Finally, this study has 
highlighted the utilization of organic materials in the 
cocoa plantation is feasible, particularly for the 
smallholders. 
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