
_____________________________________________________________________________________________________ 
 
*Corresponding author: Email: padhu.hort@gmail.com; 
 
Cite as: V, Jegadeeswari., K. Padmadevi, Vijayalatha. K. R, M. Mohanalaksmi, J. Kalaivani, and G. Sidhdharth. 2024. “Impact 
of High-Density Planting Spacing on Physiological Traits of Cocoa Grown under Coconut Trees”. Archives of Current Research 
International 24 (9):237-44. https://doi.org/10.9734/acri/2024/v24i9889. 

 
 

Archives of Current Research International 
 
Volume 24, Issue 9, Page 237-244, 2024; Article no.ACRI.117889 
ISSN: 2454-7077 

 
 

 

 

Impact of High-density Planting 
Spacing on Physiological Traits of 

Cocoa Grown under Coconut Trees 

 
Jegadeeswari. V a, K. Padmadevi b*, Vijayalatha. K. R a,  

M. Mohanalaksmi c, J. Kalaivani a and G. Sidhdharth a 
 

a Horticultural College and Research Institute for Women, Tiruchirappalli, India. 
b Horticultural College and Research Institute, Coimbatore, India. 

c Agricultural College and Research Institute, Karur, India. 
 

Authors’ contributions 
 

This work was carried out in collaboration among all authors. All authors read and approved the final 
manuscript. 

 
Article Information 

 
DOI: https://doi.org/10.9734/acri/2024/v24i9889  

 
Open Peer Review History: 

This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers,  
peer review comments, different versions of the manuscript, comments of the editors, etc are available here: 

https://www.sdiarticle5.com/review-history/117889  

 
 

Received: 30/03/2024 
Accepted: 01/06/2024 
Published: 19/09/2024 

 
 

ABSTRACT 
 

High-density planting (HDP) maximizes land productivity. Optimizing cocoa spacing under coconut 
trees enhances physiological traits and yield potential. Despite cocoa's integration into coconut 
agroforestry, spacing's impact on cocoa physiology is unclear. Studying this influence provides 
insights for better planting strategies, improved crop performance, and sustainable cocoa 
production in agroforestry settings. The experiment was conducted at the Coconut Farm of the 
Horticultural College and Research Institute, Tamil Nadu Agricultural University, Coimbatore. 
Employing a Randomized Block Design (RBD) with eight treatments replicated three times, the 
study aimed to explore how different spacing levels influence physiological traits in cocoa 
cultivation. The treatments involved in the experiment included a double row of cocoa planted 

Original Research Article 

mailto:padhu.hort@gmail.com
https://doi.org/10.9734/acri/2024/v24i9889
https://www.sdiarticle5.com/review-history/117889


 
 
 
 

Jegadeeswari et al.; Arch. Curr. Res. Int., vol. 24, no. 9, pp. 237-244, 2024; Article no.ACRI.117889 
 
 

 
238 

 

between two rows of coconut trees, with spacing configurations as follows: T1 (3m x 1.2m), T2 (3m 
x 2m), T3 (3m x 2.5m), and T4 (3m x 3m). Additionally, a single row of cocoa between two coconut 
rows was examined, with spacings represented by T5 (1.5m), T6 (2m), T7 (2.5m), and T8 (3m). 
Results indicated distinct patterns among spacing treatments, with significant differences observed 
in various physiological characteristics. Notably, T1 (3m x 1.2m) demonstrated the highest leaf area 
(462.71cm2) and leaf area index (4.85), while T8 (3m) exhibited the highest light interception 
(74.12%). Additionally, T3 (3m x 2.5m) showcased the highest chlorophyll index (40.52) in cocoa 
leaves. These findings underscore the importance of spacing configurations in influencing key 
physiological parameters in cocoa cultivation, providing valuable insights for optimizing planting 
practices. 
 

 
Keywords: Cocoa; spacing; leaf area; chlorophyll. 
 

1. INTRODUCTION 
 
Cocoa, originating from the Amazon region, is a 
vital plantation crop within the Theobroma genus 
of the Malvaceae family. It thrives in humid 
tropical climates between 20º N and 20º S, 
preferably at around 300 meters above sea level, 
with annual precipitation of 1500 to 2000mm and 
temperatures ranging from 15 to 39°C [1]. T. 
cacao, the sole cultivable species within the 
genus, has been cultivated in India since the 
early 1970s, primarily in South India, notably 
Kerala. With global demand steadily rising, 
projections suggest a need for an additional one 
million metric tonnes of cocoa by 2030. Cocoa 
cultivation primarily serves the chocolate 
industry, with its by-products utilized across 
various sectors. The cocoa tree, relatively small 
at 8-12 meters, features simple, shiny, dark 
green leaves and small cauliflorous flowers 
ranging from yellowish-white to pale pink. The 
fruit is an indehiscent drupe or pod containing 
20-60 seeds enveloped in sweet mucilage [2]. 
 
During the 1980s, the Ministry of Agriculture, 
Land, and Marine Resources (MALMR) 
introduced High Density Planting (HDP) 
technology as an alternative to traditional Low 
Density Planting (LDP) systems [3]. HDP aims to 
achieve earlier cropping, consistent high yields, 
and improved farm management practices, 
ultimately increasing productivity and profitability 
by maximizing yield per unit area of land [4,5,6]. 
Despite potentially lower yield per plant, HDP 
significantly boosts overall yield due to a larger 
plant population [7,8], aligning with the primary 
goal of enhancing productivity and sustainability 
within limited land resources [9]. In cocoa 
cultivation, High Density Planting (HDP) involves 
planting double rows of cocoa plants between 
two rows of coconut trees.  The concept of 
arranging high-density cocoa within widely 
spaced coconut trees has been suggested as a 

profitable intercrop system for cocoa farmers, 
particularly in Ghana [10]. In cocoa cultivation, 
integrating cocoa trees within coconut 
agroforestry offers potential for sustainable land 
management and increased yields. However, a 
significant gap exists in understanding how 
different planting spacing configurations affect 
cocoa plant physiology under coconut trees. 
 
This study aims to investigate how high-density 
planting spacing affects cocoa's physiological 
traits under coconut trees. We'll explore 
variations in spacing configurations and their 
influence on key parameters like leaf area, 
chlorophyll content, and light interception. Our 
findings aim to offer valuable insights into optimal 
spacing practices for cocoa cultivation within 
coconut agroforestry systems. Limited research 
has specifically explored the physiological 
responses of cocoa plants to different spacing 
configurations within coconut agroforestry 
settings, despite the importance of optimizing 
planting spacing for crop performance and yield 
potential. This study aims to enhance existing 
knowledge by investigating the relationship 
between planting spacing and cocoa physiology 
in coconut agroforestry. Determining the most 
effective spacing configurations provides 
actionable guidance for cocoa cultivators, 
extension services, and policymakers. This 
supports the sustainability of cocoa production 
and strengthens the resilience of agroforestry 
systems. 
 

2. MATERIALS AND METHODS 
 

2.1 Experimental Site 
 
The study titled "Impact of Spacing on 
Physiological Characters in Cocoa" was 
conducted at the Department of Spices and 
Plantation Crops, Horticultural College and 
Research Institute, Tamil Nadu Agricultural 
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List 1. Treatment details 
 

Treatment Details 

Double row of cocoa between two coconut rows 
T1 3m x 1.2m 
T2 3m x 2m 
T3 3m x 2.5m 
T4 3m x 3m 

Single row of cocoa between two coconut rows 
T5 1.5m 
T6 2m 
T7 2.5m 
T8 3m 

 
University, situated in Coimbatore, Tamil Nadu. 
The research extended over a year and focused 
on cocoa trees grown using high-density 
techniques at the Coconut Farm in Coimbatore. 
The experimental site experienced humid tropical 
conditions with average annual temperatures 
ranging between 20°C to 35°C. Annual 
precipitation was approximately 1500mm to 
2000mm. These environmental factors create an 
ideal climate for cocoa cultivation, providing the 
necessary warmth and moisture for optimal 
growth and development of cocoa trees. 
 

The crop management practices for this study 
included the use of 4-year-old cocoa trees of the 
Forestro variety. Irrigation was managed through 
a drip irrigation system to ensure consistent 
moisture levels. Standard fertilization practices 
were followed, with adjustments made based on 
soil test results to meet the specific nutrient 
requirements of the plants. Regular pruning and 
training were conducted to maintain canopy 
structure and overall plant health, facilitating 
better growth and productivity 
 

2.2 Experimental Design 
 

• Design: Randomized Block Design (RBD) 

• Plot Size: Each plot measured 3m x 3m. 

• Replications: Three replications for each 
treatment. 

• Treatments: Eight different spacing 
configurations were used, divided into 
double and single rows of cocoa between 
two rows of coconut trees. 

 

Data collection and sampling methods included 
measuring the leaf area by assessing the length 
and breadth of a standard leaf in five plants per 
replication under different spacing conditions for 
both seasons. Sampling methods involved taking 
measurements for leaf area and Leaf Area Index 
(LAI) from five randomly selected plants per 

replication. For light penetration and chlorophyll 
content, measurements were taken from three 
randomly selected points within each plot. This 
approach ensured a representative sample and 
accurate assessment of the physiological traits 
under different spacing conditions. The leaf area 
was estimated using the formula: Leaf Area = 
Length × Breadth × (0.666 + 0.73), incorporating 
the cocoa leaf calibration factor suggested by 
Bismark [11]. The Leaf Area Index (LAI) was 
calculated according to the method outlined by 
Williams (1946) for each season and spacing 
condition, defined as the total leaf area of a plant 
divided by the ground area occupied by the plant. 
Light penetration was assessed using a Konica 
Minolta light meter across the different spacing 
setups for both seasons. Chlorophyll content was 
measured using a chlorophyll index (Konica 
Minolta) to gauge leaf chlorophyll levels under 
varying spacing conditions. This non-destructive 
method, proposed by Yadava [12], utilized SPAD 
values based on light intensities in specific 
wavelength bands associated with chlorophyll 
absorption. 
 

2.3 Data Analysis 
 
Statistical analysis was conducted using ANOVA 
to determine the significance of differences 
among treatments. Means were compared using 
the Least Significant Difference (LSD) test at a 
5% significance level.  
 

3. RESULTS AND DISCUSSION 
 
In Season I (July to December), significant 
differences were observed in tree height among 
the eight different spacings studied for cocoa 
(Table 1). The maximum height (2.24m) was 
recorded in T1 (3m x 1.2m), while the minimum 
height (1.46m) was observed in T4 (3m x 3m), 
which was statistically comparable to T2 (3m x 
2m) and T6 (2m) with heights of 1.55m and 
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1.54m, respectively. In Season II (January to 
June), tree height ranged from 2.42m to 1.66m 
across different spacings. Stem girth was 
significantly influenced by spacing in both 
seasons (Table 2), with the highest girth recorded 
in T6 (2m) during Season I (16.31cm) and 
Season II (17.33cm). The lowest girth was 
observed in T8 (3m) during Season I (9.06cm) 
and T4 (3m x 3m) during Season II (12.60cm). 
The number of fan branches per tree ranged 
from three to four across both seasons, with the 
highest number (4.87) observed in T5 (1.5m) and 
the lowest (3.35) in T4 (3m x 3m). 
 
The leaf area of cocoa plants exhibited 
significant differences across various spacing 
configurations in both seasons (Table 3). In 
Season I, the maximum leaf area was observed 
in T1 (3m x 1.2m), while T8 (3m) recorded the 
minimum leaf area. Similarly, in Season II, T1 
(3m x 1.2m) showed the highest leaf area, 

whereas T4 (3m x 3m) exhibited the lowest. Leaf 
area index also varied significantly among 
different spacings, with T1 (3m x 1.2m) 
consistently showing the highest values            
(Table 4). 
 
Light penetration, expressed as the percentage 
of light interception, differed significantly across 
spacings in both seasons (Table 5). T8                 
(3m) had the highest light interception in           
Season I, while in Season II, it was             
statistically on par with T6 (2m) and T7 (2.5m). 
The lowest light interception was observed in T1 
(3m x 1.2m) during both seasons. Total 
chlorophyll content showed significant 
differences (Table 6) only in Season II, with T5 
(1.5m) exhibiting the highest value and T7 (2.5m) 
the lowest. These findings highlight the influence 
of spacing on leaf area, light penetration, and 
chlorophyll content in cocoa plants across 
different seasons. 

 
Table 1. Effect of different spacing on tree height for different seasons in cocoa 

 

Treatment Tree height (m) 

Season I Season II Mean 

T1 – 3m x 1.2m 2.24 2.42 2.33 
T2 – 3m x 2m 1.55 2.04 1.80 
T3 – 3m x 2.5m 1.68 1.75 1.71 
T4 - 3m x 3m 1.46 1.78 1.62 
T5 - 1.5m 1.89 2.17 2.03 
T6 – 2m 1.54 1.88 1.71 
T7 - 2.5m 1.66 1.66 1.66 
T8 – 3m 1.90 2.25 2.07 
Mean 1.74 1.99  
SE(d) 0.036 0.039  
CD (0.05) 0.078** 0.084**  

** - Highly significant 
Season I – July to December Season II- January to June 

 
Table 2. Effect of different spacing on stem girth and number of fan branches for different 

seasons in cocoa 
 

Treatment Stem girth (cm) Number of fan branches 

Season I Season II Mean 

T1 – 3m x 1.2m 11.36 11.56 11.46 3.85 
T2 – 3m x 2m 13.30 14.23 13.76 4.57 
T3 – 3m x 2.5m 13.28 14.33 13.80 4.43 
T4 - 3m x 3m 10.21 12.60 11.40 3.35 
T5 - 1.5m 13.08 13.66 13.37 4.87 
T6 – 2m 16.31 17.33 16.82 3.86 
T7 - 2.5m 10.04 13.06 11.55 4.10 
T8 – 3m 9.06 12.80 10.93 3.60 
Mean 12.07 13.69  4.078 
SE(d) 0.13 0.24  0.0850 
CD (0.05) 0.29** 0.51**  0.1824** 
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Table 3. Effect of different spacing on leaf area for different seasons in cocoa 
 

Treatment Leaf area (LA) (cm2) 

Season I Season II Mean 

T1 – 3m x 1.2m 428.59 490.79 462.71 
T2 – 3m x 2m 386.94 412.98 426.77 
T3 – 3m x 2.5m 292.13 478.79 400.53 
T4 - 3m x 3m 276.45 302.51 339.14 
T5 - 1.5m 247.74 340.29 328.50 
T6 – 2m 225.27 317.08 326.56 
T7 - 2.5m 241.09 486.62 359.04 
T8 – 3m 220.81 389.27 353.39 
Mean 289.88 402.29  
SE(d) 6.54 10.54  
CD (0.05) 14.03** 22.62**  

** - Highly significant 
Season I – July to December Season II- January to June 

 

Table 4. Effect of different spacing on leaf area index for different seasons in cocoa 
 

Treatment Leaf area index (LAI) 

Season I Season II Mean 

T1 – 3m x 1.2m 4.69 5.02 4.85 
T2 – 3m x 2m 1.97 2.24 2.11 
T3 – 3m x 2.5m 0.99 1.62 1.30 
T4 - 3m x 3m 0.59 0.81 0.70 
T5 - 1.5m 0.66 1.20 0.93 
T6 – 2m 0.46 0.59 0.53 
T7 - 2.5m 0.24 0.55 0.40 
T8 – 3m 0.23 0.25 0.24 
Mean 1.22 1.53  
SE(d) 0.54 0.02  
CD (0.05) 1.17** 0.06**  

 

Table 5. Effect of different spacing on light interception for different seasons in cocoa 
 

Treatment Light interception (percent) 

Season I Season II Mean 

T1 – 3m x 1.2m 73.30 (58.88) 79.15 (62.83) 76.22 
T2 – 3m x 2m 73.75 (59.18) 80.17 (63.55) 76.96 
T3 – 3m x 2.5m 86.30 (68.27) 86.88 (68.76) 86.59 
T4 - 3m x 3m 90.89 (72.43) 86.44 (68.39) 88.66 
T5 - 1.5m 90.77 (72.31) 87.10 (68.95) 88.93 
T6 – 2m 92.30 (73.89) 91.26 (72.80) 91.78 
T7 - 2.5m 88.48 (70.16) 89.39 (70.99) 88.93 
T8 – 3m 92.32 (73.91) 92.72 (74.34) 92.52 
Mean 86.01 (68.03) 86.63 (68.56)  
SE(d) 1.05 1.58  
CD (0.05) 2.27** 3.40**  

 

Baihaqi et al. [13] observed that cocoa clones 
grown at lower planting densities exhibited 
increased vigor and stem girth, attributed to 
enhanced exposure to light [14]. This finding 
suggests that reduced planting densities 
contribute to maximizing stem girth in cocoa 
plants. Koko [15] highlighted that intercropped 

cocoa trees are generally smaller than those 
grown in monoculture [16]. These findings 
illustrate the intricate relationship between 
planting density, morphological traits, and cocoa 
growth dynamics, providing valuable insights into 
optimal cultivation practices for enhancing 
productivity and quality. 
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Table 6. Effect of different spacing on total chlorophyll content for different seasons in cocoa 
 

Treatment Total chlorophyll content (SPAD value) 

Season I Season II Mean 

T1 – 3m x 1.2m 33.25 46.42 39.78 
T2 – 3m x 2m 34.48 39.87 40.49 
T3 – 3m x 2.5m 34.60 46.81 40.52 
T4 - 3m x 3m 34.10 43.96 37.02 
T5 - 1.5m 36.02 51.07 37.94 
T6 – 2m 34.26 48.51 37.04 
T7 - 2.5m 30.00 50.14 38.56 
T8 – 3m 31.66 40.84 39.02 
Mean 33.54 42.09  
SE(d) 3.80 1.00  
CD (0.05) 8.15NS 2.14**  

 
Physiological parameters such as leaf area, leaf 
area index, chlorophyll content, and light 
penetration play crucial roles in determining the 
optimal growth and yield of cocoa crops. In the 
present study, maximum leaf area was observed 
in treatment T1 (3m × 1.2m), indicating a dense 
canopy and consequently lower light interception. 
Canopy spread, influenced by leaf number and 
area, is pivotal for effectively harnessing light 
energy for photosynthesis [17,18]. As indicated 
by Ewel et al. [19], leaf area is inversely related 
to light transmission [20]. The results of the 
current investigation revealed that treatment T8 
(3m) exhibited the least leaf area and highest 
light transmission, resulting in prolific flowering. 
Asomaning et al. [21] reported a decrease in 
yield when the received light falls below 1800 
hours per year [22]. Similarly, Koko et al. [15] 
demonstrated a positive correlation between 
incident light and cocoa yields, emphasizing its 
significance in determining plant vigor [23]. Thus, 
incident light serves as a valuable indicator for 
optimizing the spatial arrangement of cocoa 
under coconut canopy. Treatment                                  
T5 (1.5m) exhibited higher chlorophyll content 
due to its greater light interception (72.31%)           
[24-26]. 
 

4. CONCLUSION 
 
The examination of physiological characters 
under varied crop spacing conditions revealed 
notable findings. Specifically, T1 (3m x 1.2m) 
exhibited the highest leaf area of 462.71cm2 and 
leaf area index of 4.85, indicating a robust 
canopy structure conducive to efficient 
photosynthesis. Conversely, T8 (3m) 
demonstrated the highest light interception at 
74.12 per cent, suggesting effective light 
utilization despite potentially sparse foliage. 

Additionally, T3 (3m x 2.5m) showcased the 
highest chlorophyll index at 40.52, indicative of 
optimal leaf health and photosynthetic activity. 
These results underscore the intricate 
relationship between crop spacing and 
physiological parameters, highlighting the 
importance of strategic spacing                 
configurations in maximizing cocoa plant 
performance and yield. 
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