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ABSTRACT – Soil microbial communities or microbiomes, comprise a large portion of life’s genetic diversity, 

acting as important regulators of cocoa trees productivity and growth. In this study, comparative metagenomics 

was performed in order to determine the relationship between the microbial diversity associated with yield and 

farm management practices. The findings indicate that farm management practices have a significant effect in 

shaping the structure of microbial communities. The properly managed cocoa farms have higher microbial 

diversity compared to abandoned farms. Moreover, in this study, we have demonstrated that cocoa trees with 

higher yield will have higher microbial diversity in contrast with low yield trees. Agricultural management 

practice is one of the important factors in determining the microbial community structure and proper farm 

management not only affect the production and yield but will promote diversification of favourable microbial 

community for enhancing crop productivity and global ecosystem health. 
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INTRODUCTION 

Theobroma cacao L.  also known as cacao tree is the 

most significant crop for countries such as Ghana, 

Ivory Coast, Indonesia, and Malaysia. This 

commodity contributes significantly to the economic 

growth of cocoa-producing country’s agricultural 

sector and it remains an important global commodity 

due to its fundamental role for the chocolate 

production and as enabler in the production of many 

foods (Vega & Kwik-Uribe, 2012), as well as 

providing raw materials for the cosmetics and 

pharmaceutical industries.  

 

Worldwide, about 95% of cocoa is grown on 

smallholder farms ranging from 2-5 hectares (Anga, 

2016), and employing about 5–6 million cocoa 

farmers from Asia, Africa, Oceania, and Latin 

America (Kozicka et al., 2018). However, bean 

production around the world has been declining, and 

Malaysia is not an exception. A number of factors, 

including the drop in cocoa prices, cocoa area 

abandonment and conversion of the plantation due to 

low yield have contributed to these effects (Arshad 

& Ibragimov, 2015).  

 

In the early stages of cocoa plantation, 

productivity of the beans reached more than one 

tonne per hectare as the crop enjoyed the soil fertility 

of first-time cocoa planting in new areas. However, 

despite the extensive use of chemical fertilizers and 

pesticides, the fertility of the soil declined over time 

as a result of the abandonment of plantation. Soil 

microbial communities and plant-microbe 

interactions (phyllosphere, endosphere and 

rhizosphere) have important roles in biogeochemical 

cycling, and maintenance of plant health and 

productivity, yet remain poorly understood (Turner 

et al., 2013). The composition and diversity of these 

soil microbial communities are important indicators 

of the soil fertility (Wang et al., 2020). In the past, 

culture method was used to study the microbes from 

their own environments. The main constraint of the 

traditional studies is the method only focused on 

culturable bacteria which is estimated only 0.1% to 

1%. Other limitations include necessity to grow as 

co-culture with other isolates, the growth condition 

with range of temperature tolerance and pH (Stewart, 

2012). Uncovering these microbes' adaptations and 

advantageous traits is crucial for gaining a thorough 

knowledge of their contribution and function. 

Advances in molecular biology have led to the 

development of omics techniques, which recently 

gained prominence in the diversity and abundance 

study of microbes (Alawiye and Babalola, 2019; 

Brader et al., 2017a), such as metagenomics, 

metatranscriptomic and metaproteomic.  

 

Metagenomics is a broad discipline facilitating 

the taxonomic and physiological information of 

species collected from their true habitat. It is also 
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defined as the evaluation and collective set of 

genomes of a mixed microbial community in a niche 

(Petrosina et al., 2009). The technique allowed 

exploration of taxonomic communities and help 

linking of associated functions without cultivation of 

microorganisms (Schloss and Handelsman, 2003). 

 

In this study, metagenomic approach was used 

to investigate the correlation between potential yield 

associated farm management practices and microbial 

community to understand their association and 

interaction with the host.  This could help to improve 

soil fertility by reducing the use of chemical 

fertilizers and farm management thus increase the 

cocoa yield. 

 

MATERIALS AND METHODS 

 

Study Area and Sample Collection 

The research plots were selected based on farm 

management conditions that are divided into three 

cocoa farm conditions which are properly managed, 

neglected and abandoned farm (Figure 1). The 

criteria for properly managed farm are defined as the 

farm that implementing good agricultural practice 

(GAP) and have active agriculture activity. 

Neglected farm is defined as the farm that is not 

managed properly, not implementing GAP and have 

active agriculture activity. Whereas, abandoned farm 

is defined as the farm that have been totally 

abandoned and agriculture activity was not active.  

The study was conducted in Sabah, Malaysia and 

specifically located in Tuaran, Kota Marudu, Kudat 

and Madai districts. Rhizosphere's soil samples were 

collected from 18 identified locations as listed in 

Table 1. In each sampling area, three soil sample 

replicates were collected from each high and low 

yielding cocoa tree identified for each sampling sites. 

For this study, high yielding tree was defined a tree 

that can produce more that 60 cocoa pods per year. 

For each soil sampling experiments, 5 metadata 

parameters were recorded (coordinate, altitude, pH, 

soil texture and yield).  

 

 

 

 

 

 

 

 

Figure 1: Rhizosphere soil sampling criteria 

according to farm management condition. 

 

Table 1: Sampling Location and Farm Management 

Condition 

 

 

DNA Extraction  

DNA extraction for all soil samples were performed 

using MoBio PowerSoil kit (Mo-Bio, USA) as per 

the manufacturer's instructions. The DNA 

quantitation and quality assessment were performed 

using NanoDrop 2000c spectophotometer and Qubit 

dsDNA BR assay. The sample was also run on 1% 

agarose gel to determine the integrity of genomic 

DNA.  

 

Library Preparation and Targeted Sequencing  

The 16S (V1-V3 region) regions were chosen for the 

targeted sequencing. The primers used for 16S 
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regions amplification are listed in Table 2. The 

following steps of library preparation and 

sequencing were performed by Malaysian Genomics 

Resource Centre Berhad, Kuala Lumpur, Malaysia. 

Paired-end sequencing runs (2 X 300bp) were 

performed on an Illumina MiSeq platform with v3 kit 

chemistry (Illumina, San Diego, CA, United States). 

 

Table 2: Primer sequence used for targeted 

sequencing. 

 

Metagenomic Analysis  

Paired-ends reads were assembled by aligning the 

forward and reverse reads using Fastq-join. Low 

quality data sets (at Phred < Q19) were trimmed and 

screened to remove chimeras (sequences generated 

due to the PCR amplification of multiple templates 

or parent sequences). Sequences were clustered 

followed by the chimera filtered. It consists of 

picking Operational Taxonomic Units (OTUs) based 

on sequence similarity within the reads, and picking 

a representative sequence from each OTU. It also 

assigns taxonomic identities using reference 

databases, aligns the OTU sequences, and constructs 

an OTU table, representing the abundance of each 

OTU in each sample. Using QIIME taxonomy which 

was assigned using Greengenes database5 (Version 

13_8, Aug 2013) as reference for 16S data sets. 

 

RESULTS AND DISCUSSION 

 

The microbiome profiling between two cocoa 

populations, which are the high yielding population 

and low yielding population based on farm 

conditions (Figure 1) were conducted by using 

targeted metagenomics sequencing approach based 

on identified area as listed in Table 1. For each soil 

sampling experiments, 5 metadata parameters were 

recorded (coordinate, altitude, pH, soil texture and 

yield). The recorded metadata for each sample were 

listed in Table 3. The samples were collected in 

various location as different location will have 

different composition of bacterial communities and 

the microbial profiling carried out in this study will 

help us determine the association between location 

and farm management practice in shaping the 

communities. 

 

A total of 24 collected soil samples were 

subjected to DNA extraction using PowerSoil DNA 

Isolation Kit (Mo-Bio, USA). The extracted DNA 

samples were subjected to assessment to check for its 

quality, quantity and integrity. The DNA quality and 

quantity were measured using NanoDrop and Qubit 

dsDNA BR assay as summarized in Table 4. The 

sample was also run on 1% agarose gel to determine 

the integrity of genomic DNA (Figure 2). 

Approximately 1 μg of high-quality DNA (as 

measured by Qubit) is required for library 

preparation. 

 

Table 3: Metadata collected for soil rhizosphere 
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Amplicon Sequencing Experiments (16S 

region) were performed for 24 DNA samples and > 

1.5 million reads (>30,000 reads per sample) were 

generated. A total of 24 DNA samples (total = 48 

targets) were collected from cocoa rhizosphere were 

sequenced for 16S (24 targets).  The generated 

paired-end reads are grouped in pairs (2 X 300bp), 

which is identified as the forward read and the other 

is the reverse read, stored in two FASTQ files, one 

for each member of the pair. So, having an overlap is 

a way to merge the two reads of the pair into a single 

one. These paired-ends reads were assembled by 

aligning the forward and reverse reads using Fastq-

join.  

 

Table 4: QC results for DNA samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Gel images of DNA samples as run on 1% 

agarose gel. 

 

Taxonomic analysis at the phylum level 

detected differences in relative abundance among all 

three 16S rRNA regions (V1-V3) as shown in Figure 

3. There were significant differences in the soil 

microbial community structure between properly 

managed farm and abandoned farm soil (Figure 3). 

Specifically, Proteobacteria and Verrucomicrobia 

were significantly higher in properly managed farm 

soil than abandoned farm soil. In contrast, 

Chloroflexi and Nitrospirae were significantly higher 

in abandoned farm soils than in properly managed 

soils. When comparing, the soil microbial 

community structure between high yielding and low 

yielding cocoa tree, Bacteroidetes and 

Planctomycetes were significant higher in high 

yielding rhizosphere samples compared to low 

yielding trees. In contrast, Chloroflexi and 

Saccharibacteria (TM7) phyla were significant 

higher in low yielding tree rhizosphere as opposed to 

high yielding tree rhizosphere.  

Alpha diversity metrics summarize the 

structure of an ecological community with respect to 

its richness (number of taxonomic groups), evenness 

(distribution of abundances of the groups), or both. 

Because many perturbations to a community affect 

the alpha diversity of a community, summarizing and 

comparing community structure via alpha diversity 

is a ubiquitous approach to analyzing community 

surveys (Willis, 2019). As shown in rarefaction plots 

of observed species for yield (Figure 4), the species 

richness was slightly higher in high yielding tree 

rhizosphere compared to low yielding tree 

rhizosphere suggesting species richness are 

indirectly affecting crop yield potential. Based on 

rarefaction plots of observed species for location in 

Figure 5, there are significant differences in species 

richness in farming management condition and 

location, suggesting the farming practice do impart 

perturbation in microbial diversity and species 

richness. Therefore, based on our comparative 

metagenomics study in investigating the effect on 

low and high yielding cocoa trees associated with 

farm management practices, we found out different 

farm management practices directly affect the 

structure of the microbial community and function of 

the rhizosphere. Different soil microbial flora could 

affect the developmental degree of Theobroma cacao 

root and the distribution of microbiota around the 

root, thus suggesting rhizosphere microbiota and 

plant roots are interdependent and interact with each 

other. 
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Figure 3: A bar chart showing the relative 

abundance at phylum level for 16S data sets. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Rarefaction plots of observed species for 

yield. The vertical axis displays the diversity of the 

community, while the horizontal axis displays the 

number of sequences considered in the diversity 

calculation. Each line on the figure represents the 

average of all microbial belonging to a group within 

a category (Yield): here the red line represents all 

high yielding trees, and blue line represents low 

yielding trees for 16S data sets. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Rarefaction plots of observed species for 

location. The vertical axis displays the diversity of 

the community, while the horizontal axis displays the 

number of sequences considered in the diversity 

calculation. Each line on the figure represents the 

average of all microbial belonging to a group within 

a category (Location): here the red line represents 

Keningau, blue line represents Kota Kinabalu, 

orange line represents Kota Marudu, green line 

represents Kudat, purple line represents Madai, 

yellow line represents Ranau, cyan represents 

Tenom, and pink line represents Tuaran for 16S data 

sets. 

 

CONCLUSION 

In this study, we have performed comparative 

metagenomics in order to determine the relationship 

between the microbial diversity associated with yield 

and farm management practices. Farm management 

practice have significant effect in shaping the 

structure of microbial communities as based on our 

data, properly managed cocoa farms have higher 

microbial diversity compared to abandoned farm. 

Moreover, in this study we have demonstrated that 

cocoa trees with higher yield will have higher 

microbial diversity in contrast with low yield trees. 

Overall, our results highlighted that agricultural 

management practice is one of the important factors 

in determining the microbial community structure 

and proper farm management not only effect the 

production and yield but will promote diversification 

of favourable microbial community for enhancing 

crop productivity and global ecosystem health. 
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Figure 5: A bar chart showing the relative abundance at phylum level for 16S data sets. 
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