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Cocoa industry faces challenges such as high input costs and low cocoa productivity 

despite pest and disease problem. Currently, cocoa is managed conventionally using 

labour in farm management, however, more effective production systems need to be 

identified to increase competitiveness of cocoa supply chain and to sustain high 

demand in the grinding industry. Thus, precision strategies are built upon modern 

system approaches which aim to transform the cocoa production system towards low 

input, high efficiency and sustainable cocoa production. So far, there is no research 

focus on applying precision technology in the cocoa production chain in Malaysia. In 

this research, the studies were designed at three different stages of cocoa production 

system, from young cocoa seedlings at the nursery to mature cocoa trees and finally 

cocoa bean quality, targeting the issues faced by the cocoa industry at each of the 

production stages through precision cocoa management. Remote sensing was applied to 

determine the reflectance in young cocoa seedlings subjected to N and K deficiency 

and the study was supported with physical (height, girth and leaf area) and 

physiological (plant net photosynthesis, transpiration rate and chlorophyll content) data 

as plants developed. A total of 72 grafted cocoa seedlings with clone MCBC10 were 

planted in the greenhouse. The seedlings were six months old after sowing with three 

treatments (T1: complete nutrients of nitrogen, phosphorus and potassium; T2: nitrogen 

deficiency; T3: potassium deficiency) arranged in a randomized complete block design. 

From this study, hyperspectral reflectance showed that plants with nutrient deficiency 

had higher reflectance at the visible range of 550 nm while plants with complete 

fertilizers achieved the highest peak of reflectance in the near-infrared 700-2500 nm 

ranges. Cocoa seedlings with nitrogen and potassium deficiency showed a shift in the 

red edge with greater reflectance at 675-750 nm. Nitrogen deficiency had the most 

pronounced effects on growth, net photosynthesis, transpiration rate and chlorophyll 

content at young cocoa seedlings. The output of the study was able to detect seedlings 

with nutrient deficiency at early stages in order to ensure seedlings planted by the 

smallholders are in healthy condition. A multivariate geospatial approach was used to 

quantify the spatial and temporal variability of soil properties, cocoa pod borer 

infestation rate and cocoa fresh bean weight at two different commercial planting 
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systems of mature cocoa. From the study, precision cocoa farm management helped to 

increase crop yield by 58.8 and 51.1% at cocoa-gliricidia and cocoa-coconut, 

respectively, might be due to the effective pest control in the critical zone and site-

specific fertilization, especially during high peak harvesting season of cocoa. During 

harvesting, bean quality is an important factor that influences for higher pricing and the 

quality is affected by the maturity stages during harvesting. Hence, this study was 

carried out to determine the optimum harvest period for cocoa using a non-destructive 

method of multi-parametric sensor. From this study, flavonol accumulated as cacao 

pods developed, however, chlorophyll and nitrogen balance index declined as pods 

reached maturity at four months after pod emergence. Post-harvest bean quality tests 

indicated that pods harvested at the mature stage of four months after pod emergence 

met the standards certified by the Malaysian Standard and the bean quality is as good 

as beans harvested at the ripe stage of five months after pod emergence. 
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Industri koko menghadapi pelbagai cabaran seperti kos input pertanian yang tinggi dan 

produktiviti koko yang rendah selain serangan serangga dan penyakit. Sehingga hari ini, 

koko masih diurus menggunakan cara konventional dengan menggunakan sumber 

tenaga buruh dalam pengurusan aktiviti ladang koko. Akan tetapi, satu sistem yang 

lebih efektif perlu dikenalpasti supaya dapat meningkatkan persaingan dalam rangkaian 

sektor pengeluaran koko bagi memastikan kelestarian permintaan koko yang tinggi 

dalam industri hiliran koko. Oleh itu, strategi persis telah dibina atas sistem 

pengeluaran moden yang bertujuan untuk mengubah sistem pengeluaran koko ke arah 

input kos rendah, tahap efisien yang tinggi serta pengeluaran koko yang lestari. Setakat 

ini, tiada kajian yang fokus kepada aplikasi teknologi persis dalam pengeluaran koko di 

Malaysia. Pada peringkat muda anak benih koko, makro-nutrien seperti nitrogen dan 

potasium merupakan elemen yang akan mempengaruhi pertumbuhan, penampilan dan 

yang paling penting adalah hasil tanaman koko selepas anak benih tersebut ditanam di 

ladang. Walaubagaimanapun, simptom kekurangan makro-nutrien yang ditunjukkan 

melalui fizikal anak benih adalah lambat dan analisis nutrien mengambil masa yang 

panjang. Oleh itu, objektif kajian ini adalah untuk mengesan perubahan pada spektrum 

pancar, pertumbuhan pokok dan ciri-ciri fisiologi antara pokok koko yang diberikan 

nutrien lengkap dan pokok koko yang mengalami kekurangan nutrien yang spesifik 

seperti nitrogen dan potasium. Anak benih tersebut berumur enam bulan selepas biji 

koko disemai dengan aplikasi tiga rawatan (T1: nutrien lengkap dengan nitrogen, 

fosforus dan potasium; T2: kekurangan nitrogen; T3: kekurangan potasium) di mana 

anak benih koko disusun dalam rekabentuk blok secara rawak.Melalui kajian ini, 

refleksi ‘hyperspectral’ menunjukkan pokok yang mengalami kekurangan nutrien 

mempunyai bacaan spektrum pancar yang lebih tinggi pada lingkungan spektrum 550 

nm manakala pokok koko dengan nutrien lengkap mempunyai spektrum pancar yang 

tinggi pada inframerah dalam linkungan 700–2500 nm. Pokok yang mengalami 

kekurangan nitrogen mempunyai kesan yang ketara pada pertumbuhan pokok, 

fotosintesis, kadar transpirasi dan kandungan klorofil pada anak benih koko. 

Seterusnya, satu pendekatan menggunakan ‘geospatial’ untuk menganalisa variasi 

‘spatial’ dan ‘temporal’ telah dijalankan dengan tumpuan kajian pada ciri-ciri tanah, 
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tahap serangan ulat pengorek buah koko dan hasil berat basah koko pada dua sistem 

tanaman komersil koko dengan tanaman pokok koko matang. Hasil kajian 

menunjukkan pengurusan persis koko telah meningkatkan hasil koko sebanyak 58.8% 

dan 51.1% bagi plot koko-gliricidia dan koko-kelapa masing-masing. Semasa aktiviti 

penuaian, kualiti biji koko merupakan satu faktor penting untuk mendapatkan harga 

yang tinggi dan kualiti biji koko dipengaruhi oleh tahap kematangan buah semasa 

penuaian. Daripada kajian ini, flavonol berkumpul semasa tumbesaran buah koko, akan 

tetapi, kandungan klorofil dan ‘nitrogen balance index’ menurun semasa buah koko 

mencapai kematangan pada empat bulan selepas pembentukan buah. Ujian biji koko 

lepas tuai menunjukkan buah yang dituai pada tahap kematangan empat bulan selepas 

pembentukan buah telah mencapai piawaian pensijilan sebagaimana yang ditentukan di 

dalam Piawaian Malaysia. Manakala kualiti biji koko yang dituai sebulan lebih awal 

adalah sama kualiti dengan biji koko yang dituai pada peringkat cukup masak, iaitu 

lima bulan selepas penghasilan buah. 
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CHAPTER 1 

 

INTRODUCTION 

 

Cocoa (Theobroma cacao L.) is an understorey forest species belonging to the family 

of Malvaceae which is planted extensively in Africa, America, Asia and Oceanic 

countries, including Indonesia, Malaysia and the Philippines. Cocoa beans are 

primarily processed to produce semi-finished products such as cocoa mass, butter, 

cakes and powder, which are used as ingredients in the manufacture of food, beverages 

and chocolates. With increasing demand of chocolates and cocoa semi-finished 

products, cocoa becomes the third major commodity in Malaysia after palm oil and 

rubber. Cocoa was introduced to Malaysia as a commercial crop in 1950 and was one 

of the crops for agricultural diversification in the Second Malaysia Plan (1971–1975). 

Cocoa has been cultivated extensively in Malaysia from 123,855 ha in 1980 to 414,236 

ha in 1989 due to the unprecedented high cocoa prices (Lee 2013).  

 

 

Unfortunately, the cocoa industry faces disconcerting scenarios with a tremendous 

decline in planted area from 393,465 ha in 1990 to 190,127 in 1995 and as of 2017, the 

cocoa planted area was reduced to 17,554 ha. Cocoa bean production declined from 

250,000 tonnes in 1990 to 1,029 tonnes in 2017. However, there is an apparent uptrend 

in the cocoa grinding industry and is expected to grow further in future between 

350,000 to 400,000 tonnes. It is believed that the major gap between the supply of low 

bean production and high demand of bean grinding is caused by poor world cocoa 

prices, severe infestation of cocoa pod borer (CPB), escalating production costs, labor 

constraints and competition of land use from oil palm cultivation (Lee et al. 2013).  

As an industrial crop, cocoa trees can be planted in monoculture or intercropped with 

other economical crops such as coconut, durian, oil palm and rubber with favorable 

commodity prices to increase income of smallholders. Currently, cocoa is planted by 

smallholders on an average of one hectare of land and cocoa is managed conventionally 

using labor for manuring, pruning, weeding and harvesting. However, the aging 

smallholder population and labor constraints are causing the failure in well managed 

cocoa farms. In this aspect, efforts need to be focused in increasing cocoa productivity 

and maintaining high quality of cocoa beans with lower environmental impacts. For 

Malaysia to revitalize agricultural sectors, the government realizes the importance of 

creating a comprehensive overhaul in production agriculture by adopting smart farming 

or precision agriculture in order to move forward. Precision agriculture is believed to 

offer solutions to the problems faced by the cocoa industry. 

 

 

Precision agriculture is a modern integrated technology that allows site- and time-

specific agriculture practices. Application of precision agriculture in cocoa production 

is regarded as a game changer in the cocoa industry. The main targets of precision 

agriculture include cocoa productivity, labor constraints and sustainable green 

environment of cocoa planting. Technologies such as global positioning system 

(GNSS), geographical information system (GIS), proximal and remote sensing might 

be able to provide new levels of intelligent management for agriculture so as to 
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improve efficiency in crop and soil testing, fertilization, pest and disease control and 

harvesting efficiencies. Precision agriculture has been well adopted in developed 

economies such as United States of America, Canada and the European Union. A study 

by Lambert and Lowenberg-DeBoer (2000) confirmed that 63% of the farmers 

obtained profits and showed a payoff after adoption of precision agriculture. In the long 

run, farmers benefit from the precision farm management as cropping becomes more 

profitable. Maximized resource allocation based on optimal fruiting densities in the 

farm will save farmers money and labor, and eventually, increase product quality.  

 

 

In 2016, the Malaysian government identified an opportunity to increase the 

competitiveness of Malaysian cocoa smallholders by targeting the challenges incurred 

along the cocoa production chain, from young cocoa seedling stage at the nursery to 

bean quality through precision technology under 11th Malaysian Plan (2016–2020). The 

five year program aimed transforming the cocoa upstream industry using various 

innovative approaches in cocoa field management and production system. The 

government believes that precision cocoa farm management has a strong potential to be 

scaled up in the future, and this study identified strategies in three key production 

stages of cocoa. In this context, precision agriculture should provide solutions to 

sustainable cocoa production. Questions that remain unanswered include; What caused 

the tremendous decline in cocoa planting area and bean production in Malaysia? What 

should be the most effective solution to increase cocoa productivity while conserving 

the ecological biodiversity in cocoa planting and thus, create sustainable development 

of cocoa production in Malaysia? In this study, it is crucial to scientifically validating 

the concept of adopting remote sensing and site-specific crop management to test the 

null hypothesis proposed in this study, i.e. uniform management or conventional 

methods are the optimal strategy to increase cocoa productivity and bean quality, 

considering variations are homogenous. While the alternative hypothesis is proposed if 

the variability can be identified and quantified using precision techniques with rapid 

and non-destructive methods to increase cocoa productivity and bean quality, then 

precision cocoa management can be employed in attempts to refute the proposed null 

hypothesis.  

 

 

This dissertation shows how precision agriculture techniques can be applied at three 

production stages of cocoa; from young cocoa seedlings at the nursery to mature cocoa 

trees at the field and finally the cocoa beans harvested from the pods to improve the 

cocoa productivity and bean quality. The organizational of the thesis is as follows. 

Chapter 1 of the thesis comprised history and current scenario of cocoa industry in 

Malaysia, background of the challenges being faced by the industry, justifications on 

the reason to shift conventional to precision farming in cocoa management and 

objectives of the study. Chapter 2 provides literature review of the cocoa as one of the 

important commodities in Malaysia, existing technologies applied in the farm for cocoa 

sustainability and comparison between conventional and precision approach in field 

management. Methods carried out in each production system were outlined below to 

Chapter 3, 4 and 5 (Figure 1). Lastly, Chapter 6 presented the significant and 

summarized conclusions from each of the studies and recommendations of research for 

the future. 
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Figure 1: Organizational flow chart of the study 

 

Overall, general objective of the study was to identify precision strategies that can be 

applied in three main production stages of cocoa with the aims to increase the cocoa 

productivity and bean quality. Thus, the specific objectives of this study were: 

 

 

1. To quantify the spectral reflectance response of cocoa to different levels of nitrogen 

and potassium.  

2. To quantify the spatial and temporal variability of soil nutrient, cocoa yield and 

cocoa pod borer (CPB) infestation under integration system of cocoa-gliricidia and 

cocoa-coconut. 

3. To determine the optimum harvest period of commercial cocoa based on 

fluorescence indices during cocoa pod development.  
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