
J. Current Opinion Crop Sci., 2022; Volume 3(4): 177-182   177 

 

 

RESEARCH ARTICLE 

Growth response of Cacao (Theobroma cacao L.) varieties to different soil 
amendments combined with inorganic fertilizers  
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Cacao is essential because of its high domestic and foreign 
demand. Nutrient supply to cacao varieties is required to 
enhance their growth. Thus, this study was conducted to assess 
the growth response of four NSIC-approved cacao (Theobroma 
cacao L.) varieties: ICSS 40, UF 18, BR 25, and K 2 to chicken 
dung and vermicompost combined with inorganic fertilizer. An 
area of 1,620 m2 was laid out in a 4 x 3 factorial experiment 
adopting the Randomized Complete Block Design (RCBD) with 
three (3) replications. The existing Cacao plants were used in 
the experiment. Cacao varieties (V1 - ICS 40, V2 - UF 18, V3 - BR 
25, and V4 - K 2) were designated as factor A, while soil 
amendments (A0 – inorganic fertilizer alone, A1 - chicken dung + 
complete fertilizer, and A2 – vermicompost + complete 
fertilizer) were as factor B. The application of both chicken and 
vermicompost + complete fertilizers gave a significantly tall, 
number of leaves and branches of cacao varieties than the 
application of inorganic fertilizers alone. The BR 25 variety 
applied with chicken dung + inorganic fertilizer (T8) had 
significantly performed in terms of stem girth 90 days after the 
application of treatments. The BR 25 + chicken dung + complete 
fertilizer (T8) and ICS 40 applied with chicken dung + complete 
fertilizers (T2) treatment combinations are the best for growth.  

Keywords:  animal manure, organic fertilizer, growth increment, 
inorganic fertilizer, nutrient management, soil nutrient.

INTRODUCTION 

Cacao (Theobroma cacao), primarily grown for 
chocolate production, is a tropical, understory crop 
from the South and Central American rainforest 
(Entuni et al., 2022). It thrives well in the country 

because it is a tropical crop that grows in the tropics 
between 10 to 20 degrees north and south of the 
equator (DENR, 2015; DA-BPI, 2017; UNEP-FAO, 
2018). In recent years, the Cacao Industry has been 
gaining recognition in the domestic and export 
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markets as cocoa beans' supply and demand gap is 
increasing. The world demand for Cacao has nearly 
tripled since 1970, growing at an annual rate of 3%, 
with China and India growing at 7.9%. One of the 
primary drivers of this increase is the growing 
middle class, increasing discretionary household 
income in developing countries, new and innovative 
uses of cocoa in the food, cosmetics, and 
pharmaceutical industries, and the positioning of 
Cacao as health food. The Philippines' location, 
conducive to cacao production and accessible to 
domestic and foreign trade, heightened the interest 
of local farmers and exporters to push for a more 
dynamic and competitive cacao industry that can 
compete with other major cacao-growing nations. 
Despite its competitive advantage, the Philippine 
cacao production currently only stands at 10,000–
12,000 MT from the 20,000–25,000 hectares (ha) of 
land planted with cacao per industry estimate 
(www.da.gov.ph).  

       The government still encourages farmers to grow 
Cacao to support the cacao industry continually. One 
of the intensive cultivation managements of cacao 
production is applying fertilizers. While there is 
increased advocacy for the use of inorganic 
fertilizers, their excessive use is associated with soil, 
water, and air pollution (Diacono and Montemurro, 
2010; Savci, 2012; Abayomi and Adebayo, 2014; 
Komakech et al., 2015). Furthermore, inorganic 
fertilizers are expensive, and their use may not be 
economically justifiable, especially for smallholder 
farmers who mainly practice subsistence farming. 
The use of organic amendments is an alternative to 
these detrimental effects of inorganic fertilizers 
because of their widespread availability, added value 
for soil carbon sequestration, and capacity for storing 
and releasing nutrients over a longer period 
(Diacono and Montemurro, 2010). However, organic 
amendments alone cannot meet the nutritional 
requirements of Cacao since they release organic 
nutrients slower, and not all the time organic 
fertilizers are fully available. To compensate, they 
still need to integrate them with inorganic fertilizers.  

      The use of chicken dung as fertilizer for many 
crops is rampant nowadays, for it contributed to 
significant growth and yield of many crops, including 
fruit trees and plantation crops. Moreover, poultry 
manure significantly reduced soil bulk density, and 
significantly increased soil organic matter, soil and 
leaf N, P, K, Ca, and Mg concentrations. One of the 
crops that has been found to be positively responsive 
to chicken dung is sorghum as Agbede et al. (2008) 

reported that its plant height, leaf area, culm girth, 
weight of roots, shoot, and the grain yield were 
significantly increased.  

 Moreover, Vermicomposting was the most 
economically viable manure treatment method due 
to low operating costs and higher returns on 
investment, thus, it was recommended to farmers for 
the production of an organic fertilizer to increase 
maize yields with the assurance of economic returns 
(Jjagwe, et al., 2020). Likewise, the application of 
vermicompost resulted in increased soil organic 
matter content, and soil physical properties (Demir, 
2019). Similar results were also observed that the 
addition of vermicompost resulted in a substantial 
increase in soil total organic carbon, total N, P, K, Ca, 
Zn and Mn contents, a decrease in soil pH, and the 
physical properties such as bulk density and total 
porosity (Azarmi, et al., 2008). Though there are 
several studies of chicken dung and vermicompost 
on the growth response and productivity of different 
crops, there is still a need to study the growth of 
Cacao applied with these organic amendments with 
the combination of inorganic fertilizers, hence this 
study. 

MATERIAL AND METHODS 

Preparation of Experimental Area  

The area of 1,620 m2 had already eight months old 
cacao plants located at the College of Agriculture and 
Forestry, JRMSU-TC experimental area. This was 
utilized and used in the study. The surroundings 
were cleared and weeding, and brushing were done 
before the start of the study. This commodity was 
also utilized in the previous study. To avoid bias, the 
succeeding treatments applied were the same as the 
preceding ones.  

Experimental Design and Treatments 

The experimental area was laid out in a 4 x 3 factorial 
experiment adopting a Randomized Complete Block 
Design (RCBD) with three (3) replications. The 
existing cacao plants from the previous study were 
used in the experiment. Each replication was 
composed of 12 treatments using 5 sample plants per 
treatment. The distance between both plants and 
rows was 3 meters.  

       Cacao varieties (ICS 40, UF 18, BR 25, and K 2) 
were designated as factor A, while soil amendments 
(control, chicken dung, and vermicompost) were as 
factor B.  

http://www.da.gov.ph/
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The treatments were designated as follows: 
Factor A. Cacao Varieties Factor A. Cacao Varieties 
V1 – ICS 40 A0 –No soil amendment + complete fertilizer 
V2 – UF 18 A1 –Chicken dung + complete fertilizer 
V3 – BR 25 A2 – Vermicompost + complete fertilizer 
V4 – K 2  

The treatment combinations were as follows: 
T1 – (V1A0) – ICS 40 no soil amendment + complete fertilizer  
T2 – (V1A1) – ICS 40 applied with chicken dung + complete fertilizer  
T3 – (V1A2) – ICS 40 applied with vermicompost + complete fertilizer  
T4 – (V2A0) – UF 18 no soil amendment + complete fertilizer 
T5 – (V2A1) – UF 18 applied with chicken dung + complete fertilizer  
T6 – (V2A2) – UF 18 applied with vermicompost + complete fertilizer 
T7 – (V3A0) – BR 25 no soil amendment + complete fertilizer  
T8 – (V3A1) – BR 25 applied with chicken dung + complete fertilizer 
T9 – (V3A2) – BR 25 applied with vermicompost + complete fertilizer  
T10 – (V4A0) – K 2 no soil amendment + complete fertilizer  
T11 – (V4A1) – K 2 applied with chicken dung + complete fertilizer  
T12 – (V4A2) – K 2 applied with vermicompost + complete fertilizer 

Application of Soil Amendments and Inorganic 
Fertilizers 

After ring-weeding, each sample plant in treatments 
under A1 and A2 was applied with one (1) kg of 
chicken dung and vermicompost, respectively at the 
start of the study and another 1 kg after six weeks. 
These were applied by spreading the amendments 
around the base of the plant and incorporating them 
into the soil. Each experimental plant were applied 
with 120g inorganic fertilizer (14-14-14).  

Growth Parameters 

Data on plant height and number of leaves were 
gathered at 30, 60, and 90 days after the treatment 
application (DATA). A day before the application of 
amendments, initial data on plant height and number 
of leaves were gathered and subtracted from the data 
collected at 30, 60, and 90 DATA to obtain the 
increment on growth in terms of the said growth 
parameters. The number of branches and stem girth 
were also gathered at 90 DATA.  

Statistical Analysis  

Analysis of variance was performed to analyze the 
data gathered. Treatment means were compared 
using Tukey’s Honestly Significant Difference (HSD) 
Test. Statistical analyses were done using the 
Statistical Tool for Agricultural Research (STAR 
Version 2.0.1). 

RESULTS AND DISCUSSION 

The average increment in plant height, number of 
leaves, number of branches, and stem girth of cacao 
varieties as applied with different soil amendments 

and inorganic fertilizers is presented in Table 1. The 
results revealed that the BR 25 (V3) variety 
performed significantly only on the stem girth 
regardless of the combination of soil amendments 
and inorganic fertilizers, as it obtained a larger stem 
girth of 7.35 cm, which is comparable to ICS 40 (V1) 
with a mean of 6.5 cm and significantly different from 
UF 18 and K 2 (V4). This conforms to the findings of 
Vallecer et al. (2018), as they also found that BR 25 
significantly responds to different applications of 
fertilizer in terms of stem girth. Ofori and Padi (2020) 
also reported that the BR 25 variety of cacao is more 
significantly responsive to any fertilizers in any 
growth performance compared to other varieties.  

        On the other hand, the chicken dung + complete 
fertilizer (A1) gave the best height, number of leaves, 
and branches at 90 DATA for cacao varieties but 
comparable with vermicompost + inorganic fertilizer 
(V2). Purbaante et al. (2019) also reported that 
combining chicken dung and inorganic fertilizer 
makes the cacao plants taller and produces more 
branches and leaves compared to other manures 
combined with inorganic fertilizers. Wayouno et al. 
(2019) also reported a similar finding that the 
vermicompost plus inorganic fertilizer improves the 
growth of cacao seedlings. These are supported by 
Biñas and Cagasan (2018) that the combinations of 
both chicken dung and vermicompost and inorganic 
fertilizers contributed to a significant performance 
not only of cacao but also the other crops compared 
to the application of inorganic fertilizer alone (A0).  

       The treatments affected the plants except for the 
plant height at 90 DATA and the number of leaves at 
30, 60, and 90 DATA. At 30 DATA, the ICS 40 variety 
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that was applied with chicken dung and complete 
fertilizer (T2) was growing taller but comparable to 
all other varieties applied with or without chicken 
dung and vermicompost combined with a complete 
fertilizer except for the BR 25 with no soil 
amendment but was applied with complete fertilizer 
(T7). This implies that BR 25 also needs the amount 
of inorganic fertilizer to hasten its height at 30 DATA. 
At 60 DATA, all Cacao varieties respond similarly to 
the fertilizers regardless of the materials.  

       On the other hand, BR 25 variety that was applied 
with chicken dung and complete fertilizer (T8) 
obtained a bigger stem girth with a mean of 9.04 cm, 
which is significantly different from the UF 18 variety 
that was applied with vermicompost and complete 
fertilizer (T6) with a mean of 4.44 cm, but comparable 
to other treatments. This result indicates that 

chicken dung is slightly more favorable to Cacao 
growth than vermicompost in terms of stem 
development of the UF 18 variety. The comparable 
results from those plants without soil amendments 
may be due to some factors like soil fertility, 
adequate soil moisture, etc.  Oresajo et al. (2012) also 
reported that poultry manure improves the growth 
of cacao seedlings and even their vegetative stage. 
Likewise, Bangun et al. (2018) found that poultry 
manure contributes to the improvement of the stem 
diameter of cacao. Moreover, Yap (2019) also 
reported that inorganic fertilizers could boost the 
growth performance of any cacao variety. It means 
that the chicken dung plus inorganic fertilizers are 
more favorable for cacao farming, preferably with 
the BR 25 and ICS 40 varieties in plant height and 
stem girth, respectively. 

Table 1. Summary of plant height, number of leaves, number of branches, and stem girth of cacao applied with 
soil amendments and inorganic fertilizer. 

 

Treatment 

 

Plant Height (cm) 

 

Number of Leaves 

Number of 
branches 

Stem 
Girth 
(cm) 

Days after the application of treatments  

30 60 90 30 60 90 90 90 

Factor A – Varieties 

V1 4.01 6.48 11.59 6.60 12.98 29.20 2.24 6.52ab 

V2 4.14 6.92 12.21 4.84 10.09 19.82 1.29 5.30b 

V3 3.54 6.46 11.26 5.39 17.97 33.85 2.05 7.35a 

V4 3.63 5.47 10.00 4.69 11.96 21.36 1.36 5.33b 

P-Value 0.5698ns 0.3715ns 0.5864ns 0.4757ns 0.1805ns 0.1802ns 0.0828ns 0.0250* 

Factor B – Soil Amendments 

A0 2.58b 4.49b 8.16b 4.42 9.50 16.90b 1.18b 5.30 

A1 4.71a 7.42a 12.97a 6.09 15.48 33.34a 2.14a 6.89 

A2 4.20a 7.08a 12.66a 5.64 14.76 27.93ab 1.88a 6.18 

P-Value 0.0001** 0.0008** 0.0035** 0.2560ns 0.1284ns 0.0342* 0.0175* 0.0574ns 

 

Interaction Effects of Factor A and Factor B 

 

Treatment 

Plant Height (cm) Number of Leaves Number 
of 
branches 

Stem 
Girth 
(cm) 

Days after the application of treatments  

30 60 90 30 60 90 90 90 

T1 2.40ab 3.65a 5.96 5.33 8.60 18.40 1.53a 5.76ab 
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T2 5.17a 8.27a 13.94 6.20 11.53 30.13 1.87a 7.21ab 

T3 4.46ab 7.51a 14.87 8.27 18.80 39.07 3.33a 6.57ab 

T4 3.11ab 5.16a 10.87 4.27 10.20 16.73 0.87a 5.67ab 

T5 4.65ab 7.74a 13.25 6.93 11.93 26.67 1.40a 5.79ab 

T6 4.65ab 7.85a 12.51 3.33 8.13 16.07 1.60a 4.44b 

T7 1.94b 3.85a 6.61 4.07 9.33 15.87 1.40a 4.65ab 

T8 4.64ab 8.66a 14.52 6.57 26.18 53.75 3.37a 9.04a 

T9 4.05ab 6.86a 12.66 5.55 18.38 31.93 1.38a 8.35ab 

T10 2.88ab 5.27a 9.21 4.00 9.87 16.60 0.93a 5.11ab 

T11 4.38ab 5.02a 10.18 4.67 12.27 22.80 1.93a 5.52ab 

T12 3.63ab 6.11a 10.61 5.40 13.73 24.67 1.20a 5.37ab 

P-Value 0.0164* 0.0163* 0.0586ns 0.4310ns 0.2209ns 0.1087ns 0.0269* 0.0274* 

CV (%) 27.35 27.74 30.50 44.57 58.07 56.12 50.61 25.00 

Means with the same letter designations are not significant with each other at the 5% level. 

Note, ns – not significant; * - significant at 5% level; ** - significant at 1% level; CV - coefficient of variation. 
    
CONCLUSION 
The application of both chicken dung and 
vermicompost combined with inorganic fertilizers 
contributes to the significant growth of Cacao of any 
variety in terms of plant height, number of leaves, 
and number of branches. The ICS 40 (T2) and BR 25 
(T8) varieties applied with chicken dung and 
complete fertilizer are the best for the growth in 
terms of plant height at 30 DATA and stem girth at 90 
DATA, respectively.  
 
DISCLOSURE STATEMENT  
No potential conflict of interest was reported by 
Authors. 
 
REFERENCES 
Abayomi, A. O., & Adebayo, O. J.  (2014). Effect of 

fertilizer types on the growth and yield of 
Amaranthus caudatus in Ilorin, Southern 
Guinea, Savanna Zone of Nigeria. Advances in 
Agriculture, 2014, 947062.   
https://doi.org/10.1155/2014/947062 

Agbede, T. M., Ojeniyi, S. O., & Adeyemo, A. J. (2008). 
Effect of Poultry Manure on Soil Physical and 
Chemical Properties, Growth and Grain Yield of 
Sorghum in Southwest, Nigeria, American-
Eurasian Journal of Sustainable Agriculture, 2(1), 
72-77. 

Azarmi, R., Giglou, M. T., & Taleshmikail, R. D. (2008).  
Influence of vermicompost on soil chemical and 
physical properties in tomato (Lycopersicum 

esculentum) field. African Journal of 
Biotechnology, 7 (14), 2397-2401. 

Bangun, N., Siahaan, R., Hutauruk, S., Sulastri, Y., 
Sihombing, D., Larosa, L., & Tarigan, D. A. (2018). 
The effect of chicken and mycorrhizal manure 
toward cacao seedling growth on ultisol soil. In 
IOP Conference Series: Earth and Environmental 
Science, 205(1) 012024.  

Biñas Jr, E., & Cagasan, U. (2018). Growth and Yield of 
Sweetcorn (Zea mays L. var. Macho F1) as 
Influenced by Different Combination of Organic 
and Inorganic Fertilizers. Science and 
Humanities Journal, 12, 79-91. 

DA-BPI. (2017). 2017-2022 Philippine Cacao 
Industry Roadmap. Department of Agriculture-
Bureau of Plant Industry. http://www. 
pcaf.da.gov.ph/index.php/cir-cacao/  

Demir, Z. (2019). Effects of vermicompost on soil 
physicochemical properties and lettuce 
(Lactuca sativa Var. Crispa) yield in greenhouse 
under different soil water 
regimes. Communications in Soil Science and 
Plant Analysis, 50(17), 2151-2168.  

DENR. (2015). Cacao (Theobroma cacao Linnaeus). 
Department of Environment and Natural 
Resources. Ecosystems Research and 
Development Bureau. Laguna, 27 (1), 1-13. 

Diacono, M., & Montemurro, F. (2011). Long-term 
effects of organic amendments on soil fertility. 
Sustainable agriculture, 2, 761-786. 

https://doi.org/10.1155/2014/947062


J. Current Opinion Crop Sci., 2022; Volume 3(4): 177-182   182 

 

Entuni, G., Nori, H., Edward, R., & Jaafar, A. K. M. 
(2022). The field screening of elite Cacao 
(Theobroma Cacao L.) clones to vascular streak 
dieback (VSD) disease as the selection criteria 
for planting materials. Journal of Current Opinion 
in Crop Science, 3(2), 72-78. 

Jjagwe, J., Chelimo, K., Karungi, J., Komakech, A. J., & 
Lederer, J. (2020). Comparative performance of 
organic fertilizers in maize (Zea mays L.) growth, 
yield, and economic results. Agronomy, 10(1), 
69. Doi: 10.3390/agronomy10010069 

Komakech, A. J., Zurbrügg, C., Semakula, D., Kiggundu, 
N., & Vinnerås, B. (2015). Evaluation of the 
performance of different organic fertilizers on 
maize yield: a case study of kampala, 
Uganda. Journal of Agricultural Science, 7(11), 1-
11. Doi: 10.5539/jas.v7n11pxx 

Ofori, A., & Padi, F. K. (2020). Reciprocal differences 
and combining ability for growth and yield 
components in cacao (Theobroma cacao L.): a 
case of recommended cacao varieties in 
Ghana. Euphytica, 216(12), 1-14. 
https://doi.org/10.1007/s10681-020-02729-0  

Orisajo, S. B., Afolami, S. O., Fademi, O. A., Okelana, M. 
A. O., & Atungwu, J. J. (2012). Effects of Poultry 
Litter on Establishment of Cocoa Seedlings and 
Plantain infected with Parasitic Nematodes. 
International Journal of Research in Chemistry 
and Environment, 2(4), 278-289. 

Philippine Cacao Roadmap. (2022). Retrieved from 
https://www.da.gov.ph/wp 
content/uploads/2018/01/Philippine-Cacao-
Industry-Roadmap.pdf 

Purbajanti, E. D., Slamet, W., & Fuskhah, E. (2019). 
Effects of organic and inorganic fertilizers on 
growth, activity of nitrate reductase and 
chlorophyll contents of peanuts (Arachis 
hypogaea L.). In IOP conference series: earth and 
environmental science, 250 (012048). Doi: 
10.1088/1755-1315/250/1/012048 

Savci, S. (2012). Investigation of effect of chemical 
fertilizers on environment. Apcbee Procedia, 1, 
287–292. 

UNEP-FAO. (2018). Permanent Crops. Cultivation of 
Cacao. Biodiversity Fact Sheet. pdf 

Valleser, V. C., & Valleser, J. L. (2018). Growth 
performance of different cacao clones at varying 
rates of sodium chloride fertilization. 
International Journal of Scientific and Research 
Publications, 8(7), 16-21. 

Wayuono, L. E. M., Ishartati, E.  & Rasyid, H. (2019). 
The response of cocoa seedling (Theobroma 
cacao L.) growth to vermicompost and terralyt–
plus application. Journal of Tropical Crop Science 
and Technology, 1(1), 16-23. 

Yap, Y. P. J. R. (2019). Using the right fertilizer can 
help cacao farmers cope with changing weather 
patterns. Agriculture (Philippines). 

 

  
 

 

Copyright:  © 2022 by authors. This work is licensed under a Creative Commons Attribution 4.0 International 
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original 
work is properly cited. 

http://dx.doi.org/10.3390/agronomy10010069
http://dx.doi.org/10.5539/jas.v7n11pxx
https://doi.org/10.1007/s10681-020-02729-0
https://www.da.gov.ph/wp
http://dx.doi.org/10.1088/1755-1315/250/1/012048

