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ABSTRACT 

The government of Côte d’Ivoire is encouraging the adoption of new high performing cocoa clones in order to enhance productivity. 

Preliminary statement shows that these clones have different growth patterns from the seed propagated materials. Understanding their 

growth patterns and managing the branching system to obtain well-shaped trees is of utmost importance. A study on the growth and 

development of 10 new elite cocoa clones was conducted in Soubré (Nawa region), Côte d’Ivoire, using a randomized complete block 

design which was replicated three times. Data was collected one year after transplanting the clones into the field. The parameters 

evaluated were growth, architecture and production. Findings indicated that there were significant differences among clones along all 

the studied parameters. For growth parameters, clone C9 recorded the highest length of branches with 307 ± 16.28 cm. In terms of 

architecture, clones C17, C14 and C15 showed the highest values of pruned volume per tree. Clone C9 exhibited early flowering 

compared to the other clones, while clone C8 was found to require less workload and was assumed to be a promising cocoa clone for 

the Nawa region. 
 

General Terms: Plant Genetic Resources, Horticulture, Plant breeding, Genetics  

 

Keywords: Branching architecture, height, number of shoots, prune volume. 

 

1. INTRODUCTION 
 

Côte d'Ivoire leads the world in production and export of the cocoa (Theobroma cacao L) beans used in the manufacture of 

chocolate, supplying 40% of cocoa produced in the world [1]. West Africa collectively supplies two thirds of the world's cocoa crop, 

with Côte d’Ivoire leading production at 1.7 million tons as of 2017 [2]. This production is supplied primarily by small-scale 

producers, who exploit areas of less than 2.5 hectares. The average yield of the Côte d'Ivoire cocoa farm is 400kg/ha [3,4,5], as 

opposed to the 1200 - 1500kg/ha that is reachable [6]. One of the solutions proposed by the national cocoa plan to increase the yield is 

the rehabilitation and extension of existing cocoa orchards, and the diffusion of selected plant material. In other words, to reach 

maximum production, farmers have to fulfill several conditions including propagation techniques and good agricultural practices [7]. 
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Due to its efficiency, seed germination of T. cacao, a commonly heterozygous plant with high variability for agronomic and 

quality characters [8, 9, 10], is the main way to produce cocoa seedlings for plantation set-up [11]. However, this method of 

propagation has been found to be challenging, as many of the trees are infertile [12]. Several authors such as [9] have concluded that 

seed germination, regardless of its advantages, is inefficient in intensive cocoa planting. Dissemination by rooted cuttings has been 

shown to be an alternative, but the canopy of the majority of seedlings obtained have plagiotropic branches that reduce growth and 

development [13, 9]. Indeed, plagiotropic cuttings from lateral canopy branches develop canopies with unbalanced spreading habits 

that necessitate significant attention to heavy formative pruning [9]. In addition, plagiotropic rooted cuttings succumb more easily to 

lodging (because of the absence of taproots) and are susceptible to water stress a few days following their establishment [14]. Rooting 

of cocoa marcots have been successfully tested in Cameroon (ICRAF unpublished data), however the characteristics are the same as 

the cuttings above. According to [15], [16] and [9], the development of selected high yielding and disease tolerant cocoa clones, as 

well as efforts for their distribution and intensive multiplication through grafting, would be the most appropriate means for realizing 

improved and sustainable yields. 

Grafting is defined as a technique that consists of inducing the assembly cambiums of two plants to develop a single plant. In 

this union, the portion of the attached selected plant is called a scion while the host plant is called the rootstock. The host assumes the 

mineral nutrition of the new plant while the scion contains the genetic material that will be expressed [17]. Previous studies have 

assessed the performance of this technique on cocoa cultivation. This study produced 10 new elite cocoa clones in Côte d’Ivoire (C1, 

C8, C9, C14, C15, C16, C17, C18, C20 and C21). Their expected target traits were high production and tolerance to black pod disease. 

Before recommending these clones to farmers, as planned in the framework of the Vision for Change project implemented in this 

country and funded by Mars Incorporated, some behaviors were still needed to be understood, such as their growth and development 

patterns. 

Several studies were carried out to assess the growth and development performance of the seedlings. This was important in 

order to choose the best clones to be promoted to sustain the production in the field. Previous studies have shown successful choices of 

appropriate clones or varieties on growth of other species, such as [18] on grapevines, [19] on miombo fruit trees and [20] on 

Cucurbita. The effect of root stock type, scion source and grafting methods on the healing of Allanblackia stuhlmannii grafts under two 

nursery conditions by [21]and the rootstock growth and development for increased graft success of mango (Mangifera indica) in the 

nursery by [22] also contributed to this research. It was necessary to conduct our own research on cocoa specifically for the mentioned 

clones. 

Pruning is a silvicultural and horticultural practice which involves the selective removal of certain parts of a plant, such as 

stems, branches, or roots. It aims to give to a tree a structure that will help to increase and maximize its production capacity. The 

pruning of cocoa trees is essential in the management of a cocoa field. When done efficiently, pruning helps to increase the tree's 

productivity. Cocoa pruning has been discussed by many authors like [23], [24],and [9]. Pruning is important in the maintenance of 

cocoa farms and to improve yields. Indeed, the growth of the cocoa tree has a distinct pattern and differs at different ages [25]. Its 

requirements differ according to the tree’s age and stage of development. Moreover, according to [26], pruning of grafted plants is 

done after the first year of planting but it is always important to maintain a continuous canopy. This author affirmed that pruning has 

several purposes, including the maintaining of the shape of the tree, maximizing nutrient distribution towards pods, the thinning of the 

cocoa canopy which allows more light to filter to the middle of the tree [27], and more air circulation, thereby reducing black pod 

disease. In addition, the pruning of mango trees was studied by [28]. This case found that the evaluation of growth patterns can assist 

in the planning of pruning. The specific objectives of this study were to assess 10 new elite cocoa clones (C1, C8, C9, C14, C15, C16, 

C17, C18, C20 and C21) and their development and growth pattern to plan their pruning, in view of optimizing production as well as 

reducing farmers’ labor. 

2. MATERIAL AND METHODS 

2.1. Study Site 
The trial was set-up in September 2013 at Logboayo’s ICRAF experimental station, located 8km from Soubré, in the Nawa 

Region (South-West of Côte d’Ivoire, 5°47′08″N, 6°36′30″W, 276m a.s.l). The temperatures vary from 25 to 30°C. The mean annual 

rainfall is 1320mm and varies from 1199 to 1443mm. The soils of the plot are classified as Ferralsols and Glycols, mostly acidic (pH = 

5.5), and subject to leaching [29]. The chemical properties of the soil near the experimental site were defined in Table 1[30]. As for 

physical properties and fine particles, silt and clay contents are 41% and 57%, respectively. 

 

Table 1: Soil chemical properties of the experimental plots (Dibyet al., 2014) 

 pH C (%) N (%) P (mg.kg-1) K (cmol.kg-1) Mg (cmol.kg-1) Ca (cmol.kg-1) 

Value 5.6 1.04 0.1 7.7 0.13 1.09 3.74 

2.2. Plant Material 
Scions of 10 cocoa clones, obtained from the Centre National de Recherche Agronomique (CNRA) station of Divo, were 

grafted on four-month-old seedlings derived from cocoa hybrid seeds as rootstocks. Scions of each clone were collected randomly 

from actively growing trees that had no visible signs of disease or pests. Clones were raised for three months in a shade house. The ten 
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clones, coded as C1, C8, C9, C14, C15, C16, C17, C18, C20 and C21 are characterized by their high productivity (1400 - 4000kg/ha) 

and tolerance to black pod (Table 2). Clones C1, C8 and C9’s source is the International Quarantine Center Reading, UK while the 

others were selected locally. 

 

Table 2: Characteristics of the ten cocoa clones 

Clones Characteristics (% Black pod disease incidence) Yield (Kg/ha) Origins 

C1 8 2.3 Trinidad 

C8 15 1.8 Trinidad 

C9 10 2.3 Trinidad 

C14 8 2.8 Côte d’Ivoire 

C15 17 2.0 Côte d’Ivoire 

C16 8 4.0 Côte d’Ivoire 

C17 11 1.9 Côte d’Ivoire 

C18 16 1.4 Côte d’Ivoire 

C20 15 1.4 Côte d’Ivoire 

C21 Unknown 1.6 Côte d’Ivoire 

*Data from the Vision for Change Project 

 

2.3. Experimental design 
The experiments were laid out in a complete randomized replication design with three replications. One factor was tested: 

clone. The 10 clones constitute treatments. There were 10 trees for each clone and each block. Thus, a total of 300 grafted plants were 

used for this experiment. 

 

2.4. Maintenance of Planted Plants In The Plot 
The grafted plants were transplanted in rows to the field at a density of 2500 plants/ha (2m x 2m) under a temporary shade 

constituted of banana trees planted at the same density, six months prior to the planting of cocoa, i.e. four banana seedlings for one 

cocoa grafted plant which allowed in about 40 - 60% of light. 

 

Insecticide treatment was provided every month with Deltamethrin and Imidacloprid, at a rate of 5ml per liter per plant. A 

fertilizer (15.5N + 26.5CaO + 0.2B) was applied at the dose of 25g per plant every two months while weeding was carried out on an as 

needed basis. 

 

2.5. Data Collection 
One year after establishment, data was collected on the growth parameters. The length of the branches and internodes was 

assessed with a ruler graduated at 1mm. The parameters (number of internodes, number of shoots per tree, number of shoots per meter 

of branch, number of leaves per tree) were counted. The pruned volume (weight of branches and leaves pruned) was measured with a 

high-precision scale of 0.01g. The branching architecture or canopy of trees of each clone was also evaluated in terms of percentage 

and put into three categories based on the vertical angle between two opposite main branches: if the angle was < 90°, it had an erected 

canopy shape; between 91° and 135°, it had an inclined canopy shape; and if the angle was > 136° it had a pendulous canopy shape 

[31]. Flowered trees were also recorded. 

2.6. Data Analysis 
All data were subjected to one-way analysis of variance (ANOVA), using the general linear model of Statistical Analysis 

System software (SAS 9.2) [32]. Mean separation of treatments for each parameter was determined with the Student-Newman-Keuls 

(SNK) test using p < 0.05. The test of Khi-2 was performed for the relationship between clones and the branching architecture of trees. 

The Pearson correlation was used to determine the relation among the parameters. 

 

3. RESULTS 
 

3.1. Growth Parameters 
A highly significant difference (p < 0.0001) in length of branches was observed between the cocoa clones. This parameter 

ranged from 165 ± 17.56 cm in clone C18 to 307 ± 16.28 cm in clone C9. The overall mean value of the length of branches per tree 

was 248 ± 5.94 cm (Table 3). 

Concerning the number and the length of internodes, there were also highly significant effects (p < 0.0001) of the cocoa 

clones. Clones C1, C17 and C21 had the longest internodes, while clones C15, C8 and C18 had the shortest (Table 3). 
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Clones had significantly different (p < 0.0001) numbers of leaves per tree. The number of leaves varied from 54 ± 6.11 in C8 

to 131 ± 13.08 in clone C14. The number of leaves per tree was significantly higher in C14, C15 and C9. The lowest numbers of 

leaves were recorded in C8 and C18 (Table 3). 

The differences between clones in term of the number of shoots per meter of branch and the number of shoots per tree were 

highly significant (p < 0.0001). In general, the mean number of shoots per meter of branch was 8 ± 0.26 and the mean number of 

shoots per tree was 18 ± 0.76. The clone C14 showed the highest value for the two parameters. This clone developed more shoots, with 

12.05 ± 0.88 shoots per meter of branch, than others evaluated in this study. Clones C17 and C8 produced the lowest number of shoots 

per meter of branch (Table 3). 

For the weight of pruned branches and leaves (pruned volume), the mean pruned volume per tree was 195.5 ± 10.51g. 

Results revealed a highly significant difference (p < 0.0001) among the clones for this parameter. Clones C17, C15 and C14 showed 

the highest weight of pruned branches and leaves per tree, whereas clones C8, C20 and C18 showed the lowest, consequently not 

needing pruning at the time of observation. 

Table 3: Effect of the clones on selected growth parameters of clones 

Clones Length of 

branches (cm) 

Number 

of 

internodes 

Length of 

internodes 

(cm) 

Number of 

leaves per 

tree 

Number 

of shoots 

per tree 

Number of 

shoots per 

branch 

Flowering 

of trees (%) 

Pruned 

volume (g) 

C1 273.0 ± 5.94 

abc* 

7.5 ± 0.43 

cde 

36.7 ± 1.76 a 88.7 ± 8.58 

bc 

15.9 ± 

1.70 cd 

6.0 ± 0.55 

def 

30.0 ± 22.79 

abc 

211.7 ± 

39.44 abc 

C8 191.7 ± 16.13 

de 

7.7 ± 0.62 

cd 

26.2 ± 1.65 

ef 

54.6 ± 6.11 d 9.1 ± 1.30 

e 

4.8 ± 0.54 ef 6.7 ± 4.63 

bcd 

93.3 ± 17.90 

d 

C9 306.7 ± 16.28 a 9.8 ± 0.50 

ab 

32.0 ± 1.19 

bcd 

107.5 ± 

10.61 abc 

19.4 ± 

1.87 bc 

6.7 ± 0.53 

de 

36.7 ± 20.61 

a 

216.7 ± 

40.14 abc 

C14 252.0 ± 22.60 

abc 

8.5 ± 0.65 

abc 

29.0 ± 1.74 

def 

130.8 ± 

13.08 a 

32.9 ± 

3.47 a 

12.5 ± 0.88 

a 

7.1 ± 7.14 

bcd 

244.6 ± 

31.85 ab 

C15 236.0 ± 17.89 

bcd 

10.2 ± 

1.21 a 

25.0 ± 1.47 f 109.1 ± 9.64 

ab 

24.4 ± 

2.18 b 

10.8 ± 0.65 

ab 

0.0 ± 0.00 d 260.0 ± 

38.54 ab 

C16 277.0 ± 15.09 

ab 

9.1 ± 0.41 

abc 

30.4 ± 1.01 

cde 

97.9 ± 7.29 

bc 

21.3 ± 

2.41 bc 

7.6 ± 0.74 

cd 

20.0 ± 14.70 

abcd 

159.3 ± 

26.63 bcd 

C17 288.2 ± 18.17 

ab 

8.3 ± 0.52 

bcd 

36.0 ± 1.71 

ab 

94.3 ± 8.99 

bc 

11.8 ± 

1.38 de 

4.2 ± 0.45 f 3.3 ± 3.33 

cd 

288.3 ± 

43.73 a 

C18 164.6 ± 17.56 e 5.8 ± 0.53 

e 

27.3 ± 1.19 

ef 

56.2 ± 6.34 d 12.4 ± 

1.88 de 

7.5 ± 0.88 d 3.7 ± 3.70 

cd 

137.0 ± 

25.12 cd 

C20 220.9 ± 15.01 

cd 

6.5 ± 0.43 

de 

34.3 ± 1.23 

abc 

79.8 ± 6.67 

cd 

20.1 ± 

2.30 bc 

9.5 ± 0.84 

bc 

33.3 ± 22.15 

ab 

136.7 ± 

18.40 cd 

C21 261.0 ± 12.54 

abc 

7.6 ± 0.93 

cde 

35.3 ± 1.38 

ab 

99.0 ± 9.17 

bc 

17.6 ± 

2.13 de 

6.8 ± 0.74 

de 

10.0 ± 4 .63 

abcd 

205.0 ± 

22.53 abc 

Means 247.9 ± 5.94 8.1 ± 0.20 31.3 ± 0.51 91.9 ± 3.04 18.4 ± 

0.76 

7.6 ± 0.26 15.9 ± 4.29 195.5 ± 

10.51 

*Means followed by the same letter below in the same column are not significantly different at the 5% level (SNK). 

3.2. Flowering And Yield  
Results revealed highly significant (p < 0.0001) differences among clones for the percentage of flowering trees. One year 

after planting, only 16% of cocoa trees were flowering. No clone reached 50% of flowering trees one year after planting. The 

percentage of flowering trees varied from 0% in C15 to 36.7 ± 20.61% for C9 (Table 3). Table 1 highlights the different yield per 

clone. The lowest yields are for clones C18 and C20, with clone C16 having the highest. 

 

3.3. Correlation Between Parameters 
The correlations coefficients in Table 4 show that growth parameters were positively correlated between them. However, 

these growth parameters were not correlated with the flowering. Indeed, flowering was slightly correlated to the yield. 

 

Table 4: Correlation between parameters 

 Prunvol Nbleaf Branchle Nbshoot Shbranch Nbintern Internal Flower Yield 

Prunvol - 0.46*** 0.46*** 0.41*** 0.17** 0.34*** 0.15** 0.12ns 0.08ns 

Nbleaf  - 0.67*** 0.74*** 0.43*** 0.53*** 0.21*** 0.15ns 0.27ns 

Branchle   - 0.55*** 0.01ns 0.64*** 0.49*** 0.23ns 0.18ns 

Nbshoot    - 0.76*** 0.50*** 0.10* 0.11ns 0.42ns 

Shbranch     - 0.18** 0.20*** 0.07ns 0.15ns 

Nbintern      - 0.21*** 0.03ns 0.40ns 

Internal       - 0.23ns 0.01ns 

Flower        - 0.58* 

Yield         - 



Vol-6, Issue-7                                                                                                       Global Journal of Advanced Research 

250| P a g e                           3 0 J u l y  2 0 1 9                      w w w . g j a r . o r g  

*Significant, ** highly significant, *** very highly significant: not significant 

Prunvol = pruned volume, Nbleaf = number of leaves, Branchle = length of branch, Nbshoot = number of shoots per tree, Shbranch = 

number of shoots per meter of branch, Nbintern = number of internodes, Internle = length of internodes, Flower = flowering of trees 

percentage, Yield = clone potential yield. 

 

3.4. Architecture Of Clones  
The tree canopy shape showed differences between the clones one year after planting. The three architecture categories are 

described as: pendulous, inclined and vertical erect canopy shape (Figure 1). 

The Khi-2 test indicated that a highly significant relationship exists between the genotype of the cocoa trees and the 

architecture of branches (p < 0.0001), with clone C15 having the most spreading canopy, clone C8 the most erected canopy and clone 

C1 the most inclined canopy (Table 5). 

This section should be divided by subheadings. It should provide a concise and precise description of the experimental 

results, their interpretation as well as the experimental conclusions that can be drawn. 

 

   

  A    B    C 

Figure 1: Different cocoa trees canopy shapes (A: Pendulous, B: Inclined, C: Erected). 

 

Table 5: Branch architecture according to the cocoa clone’s number of trees 

 

4. DISCUSSION 
 

This study was the first one carried out in view of assessing the difference in term of growth and development of the 10 

superior clones in Côte d’Ivoire. Most of the cases showed differences between clones in terms of the growth and development 

parameters of the cocoa. In other words, there are clones with a large branching architecture, long length of branches, high number and 

length of internodes, high number of shoots per tree, high number of shoots per meter of branch and number of leaves, and other 

clones with plants which possess a small branching architecture, short length of branches, low numbers and length of internodes, a 

small number of shoots per tree, low numbers of shoots per meter of branch and a low number of leaves. These results concur with 

those of [33], [34] and [10] who showed that cocoa exhibits considerable genetic variability in morphological and physiological traits. 

It corroborates with other findings such as the ones of [19] on miombo fruit trees and [20] on the growth performance of Iranian 

melongra ftedon Cucurbita root stocks who found significant differences between the vegetative development of these species. As 

 Percentage of trees with 

Clones Erected branches Inclined branches Pendulous branches 

C1 0 11.3 0 

C14 0 7.6 7.1 

C15 0 6.2 57.1 

C16 0 7.6 21.4 

C17 0 8.5 0 

C18 0 7.6 0 

C20 0 8.5 0 

C21 0 5.4 7.1 

C8 33.3 7.4 0 

C9 0 8.5 0 

Khi2 = 117.8 (p<0.0001) 
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mentioned by [19] and [20], differences observed between clones are due to the genotype. Indeed, according to [35], phenotype is 

equal to genotype and environment (P = G + E). As the environment was the same for all clones, it can be concluded that differences 

observed between clones are due to genotype. Our results show that clones C9 and C1 had the longest internodes and the highest 

number of branches. Moreover, clone C9 had the longest branches compared to all clones; it could, therefore, have the best ability to 

produce more bud woods. The length of branches determines the branching architecture of cocoa clones and could influence the yield 

of the clones. In other words, the longer the branch, the more the tree is able to produce leaves, internodes, pods and other growth and 

development parameters [19,18]. The high branches and leaves of clone C9 may indicate a good yield of about 2.3 ton per ha (ICRAF 

unpublished data). This clone could be subjected to a multisite trial in Côte d’Ivoire in order to assess its stability before it could 

become a good candidate for provision as a planting material as suggested [36]. Vegetative parameters contribute to high yields. These 

findings could endorse those of [19] and [20] confirming that growth pattern parameters contribute to the vegetative development of 

clones, and thus, yield. Indeed, the growth period is characterized by the expansion of leaves and the elongation of shoots, according to 

[13]. 

Concerning the weight of pruned branches and leaves, clone C17 needed more pruning than others, while clone C8 needed 

the least pruning. The significant difference among clones for the pruned volume expression could also be due to genetic factors. 

According to [37], under ambient conditions, the more physiological activity is high in a plant, the more this plant grows; 

consequently, fruit yield is high. Thus, cocoa clones with a high pruned volume could need more pruning to produce well-shaped trees. 

Pruning of mature trees on farms remains a challenge for farmers. Our results suggest that some clones will have more impact on 

farmers’ workload than other. At the moment of data collection, cocoa clone trees were young in contrast to mature trees on mature 

farms. These results are relevant for early managing of these young trees to attain the desired size or proportion of the canopies [28] at 

this stage of development. Pruned volume can help to support critical decisions for selecting clones for high-density cocoa cultivation. 

However, further studies need to be carried out to continue observation of the entire production period of cocoa trees. 

According to the tree canopy category, only trees of clone C8 had an erected canopy. At this early stage of development, 

inclined canopies appeared in some plants of all the ten cocoa clones. Inclined canopies seem to be the best or the most common 

canopy of cocoa trees. The importance of canopy structure in cocoa is confirmed by [38]. For some authors, variations in canopy 

structure indicates the production of biomass, top-soil nutrient enrichment by litter fall, and may indicate necessities of shade 

management of agroforestry stands [39,40]. Moreover, [41] showed that the development of the canopy is greater in plants which were 

pruned less frequently. Pruning should be timed, and for a definite purpose, as it may be expected that excess removal of foliage will 

seriously delay growth in young trees and reduce yields in mature cocoa trees [25]. It is therefore recommended that pruning in the 

field be delayed for at least one year. 

Results revealed that flowering of clone trees was low and did not reach 50% in the period of assessment. The significant 

differences between cocoa clones in tree flowering percentage can be explained by the difference in their precocity, which could be 

linked to their genotypes as mentioned above. Indeed, referring to [42], these results may be due to intrinsic genetic and physiological 

factors which appear to play a large role in the phenological behavior of the cocoa plant. In addition, the differences among clones in 

this study could be due to the fact that flower initiation, shape and morphogenesis, though dependent on the environment, is regulated 

endogenous and varies among cultivars [43]. Our study revealed some early and late flowering clones. Early flowering is very 

important in the selection of cocoa clones. It’s an indicator of productivity. Plants of cocoa clones were very young or immature in this 

vegetative development stage, in contrast to mature trees, which generally produce more flowers. These results confirm those of [44] 

and [45] who remarked that very few flowers develop on the main stem and woody branches in cocoa at this stage. Results of this 

study also corroborated those of [46] who showed that immature and mature phases are well established in perennial crops, with 

juvenile plants characterized by rapid growth, ease of rooting and lack of flowering, as occurs in cocoa trees before the jorquette 

development. 

The cocoa clones in this study exhibited different potential yields and compatibility. Indeed, they are from different origins. 

Clone C8 with an erected canopy and a potential of 1.8 ton per ha and the only self-incompatible clone involved, appeared to be self-

compatible (33.33%) in a previous study, and it is the one which needed the least pruning in this study. For approximately the same 

yields, pruned volume was higher for clone C17 than clone C8. Clone C9 was the best self-compatible (53.33%) and it had the best 

trends of inter-compatible (24.07%), with good potential yield and showed only inclined branches or canopy. Clone 16 with the 

highest potential of productivity (4 ton/ha) and a very slight level of self-compatibility (03.33%) and a slight level of inter-

compatibility (17.78%) exhibited mostly a pendulous canopy. 

No significant correlation was revealed between growth parameters and the yield of cocoa clones. These observations may 

be due to the juvenile stage of development. The pruned volume at one year after planting did not have significant effects on the 

expression of the yields of cocoa clones. But, basically, the growth pattern and the compatibility and characteristics of traits observed 

could certainly play a major role in these clones’ yield. Further research to confirm this study is needed in other regions with the same 

agro ecological conditions. The trees of the cocoa clones of this study are still growing; their yields will be correlated with the growth 

pattern parameters in a three-year study to confirm or refute these findings. 
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Authors should discuss the results and how they can be interpreted in perspective of previous studies and of the working 

hypotheses. The findings and their implications should be discussed in the broadest context possible. Future research directions may 

also be highlighted. 

 

5. CONCLUSION 
 

The growth and production parameters, pruned volume, and the canopy architecture of 10 cocoa clones were assessed in this 

study. Cocoa clones were significantly different for all growth parameters. No correlation was observed between the growth 

parameters and the cocoa yield. C9 displayed better vegetative growth. It is the best self-compatible clone with a good yield and 

growth parameters compared to the nine other clones. However, despite its low potential yield compared to clones C16, C14, C1 and 

C9, clone C8 seems to be the promising elite cocoa clone in terms of architecture and pruning for the Nawa region, as this clone 

creates less workload. 
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