
Introduction

The cocoa trees represent a type of plant that can be found naturally in the humid forests of the 
tropics. According to Diomande et. al. (2015), they can be classified into three different geomorpholog-
ical groups of forastero, criollo and trinitario. Each type presents considerable variability in terms of 
color, dimensions and shape of its flowers, fruits and seeds. Contrasting other heavily industrialized 
crops, its production comes mainly from small units of production, located in underdeveloped coun-
tries. For example, more than 90 percent of world cocoa production comes from Brazil, Cameroon, 
Cote d Ivoire, Ecuador, Ghana, Indonesia, Malaysia and Nigeria (Arshad et. al. 2015). 

Venezuela used to be one of the major producers of cocoa in the past, now it has lost its place in the 
world rankings. In order to improve this situation, several state agencies have developed plans to 
improve yields of these family run units according to its geographic location, harvesting practices as 
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well as tree types. Cocoa is cultivated in Venezuela mainly in three regions: Northeast (comprises 
Sucre, Monagas and Delta Macuro state), Coastal north (Miranda, Aragua, Carababo and Yaracuy 
states) and Southwest (Tachira, Merida, Barinas and Zulia state). Although this last region has the low-
est production of them all, it produces one of the finest cocoa in the world. The main objective of the 
study is to determine which morphological characteristics can explain the differences among clones of 
cocoa trees with dissimilar fertilizers: chemical (G1), organic (G2) and combined (G3) in an experimen-
tal farm in Merida, Venezuela.    

Materials and Methods

The data comprises twenty two clones of cocoa tress with an estimated age of ten years. They were 
identified as USL (PE, 0, 001, 178, PI, 145, 1086, 278, 845 and 394) and STB (004, 111, 116, 253, 254, 
263, 319, 391, 392, 445 and 811). The trees were located in an experimental farm in Merida, Venezuela. 
The morphological characteristics were taken from the International Board for Plant Genetic Resources 
(1981). In total, there were sixteen characteristics related to the fruit (pod) and seed of the cocoa tree. 
From each clone, ten physiologically mature fruits were taken, with the exception of clone USL 1086, 
were only taken eight pods. No sign of diseases were observed. Each fruit was evaluated and registered 
according to quantitative characteristics (length, width, weight, depth and length of primary and sec-
ondary furrow, total weight of whole fruit and without pulp and seed coat). From each fruit, five seeds 
were taken randomly in order to evaluate length, width, weight, fresh and dry weight as well as the 
almond index. In Table 1, the descriptive statistics of all the morphological characteristics for fruits and 
seeds were presented. 

Table 1. Descriptive statistics of morphological characteristics of fruits and seed of the cocoa tree
Fruit (pod)

Characteristics N Min. Max. Average Std. dev.
Weight (g) 218 178.90 1102.50 472.03 157.94
Lenght (cm) 218 10.30 22.60 16.02 2.21
Width (cm) 218 6.50 10.70 8.65 0.80
Depth of primary furrow (cm) 218 0.52 2.86 1.49 0.38
Depth of secondary furrow (cm) 218 0.20 2.10 1.07 0.32
Length of primary furrow (cm) 218 4.00 20.00 11.83 2.80
Length of secondary furrow (cm) 218 6.02 23.12 13.39 2.95
Weight of whole fruit (g) 218 15.00 153.00 88.66 29.06
Weight without pulp and seed coat (g) 218 12.50 116.90 60.84 23.89

Seed
Characteristics N Min. Max. Average Std. dev.

Lenght (mm) 218 18.7 30.40 24.63 1.97
Width (mm) 218 11.4 17.60 14.48 1.10
Thickness (mm) 218 6.37 13.26 9.68 1.35
Fresh weight (with pulp and seed coat in g) 218 6.20 27.20 12.18 3.81
Dry weight  with seed coat (g) 218 3.00 10.70 6.42 1.30
Dry weight without the seed coat (g) 218 2.00 10.00 5.80 1.23
Almond index (g) 218 0.60 2.14 1.28 0.26
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After the initial exploratory analysis of the data, linear discriminant analysis, and a multivariate 
data analysis technique, were employed in order to find the morphological characteristics whose values 
could separate the most the three (3) existing groups G1, G2 and G3 respectively. All the graphs and sta-
tistical analysis were conducted with SPSS version 17. 

Results 

When applying discriminant analysis to the data, it is intended to describe the differences among 
the three groups (by type of fertilizer used, that is G1, G2, G3) based on the values taken by the morpho-
logical descriptors. The analysis is started by comparing the mean values and variability of each of the 
sixteen characteristics in the groups. In this way, it is possible to have a first idea of which variables 
have greater differences among groups. This purely descriptive analysis is completed with the corre-
sponding univariate F-test that contrasts equality of means among groups, for each of the variables 
considered. 

The mere inspection of the values presented in Table 2 allows us to already draw some interesting 
comments. The characteristics contain very similar values in the three groups to the overall average of 
the data are: depth of primary furrow, weight of whole fruit and weight without pulp and seed coat for 
the fruit and length, width and fresh weight (with pulp and seed coat) for the seeds. This is stated not-
ing the significance levels for these variables, based on the hypothesis of equality of means between 
groups, that is, the means of these variables are not significantly different in the three groups. However, 
there are other variables that take very different values in the three groups. By noting these variables 
just discussed, the significance levels of the F-test for equality of means among groups are always less 
than 0.05. It can be expect that these variables discriminate among the three groups individually.

Table 2. Test of means between groups
Descriptors Wilks Lambda F df1 df2 Significance

Fruit (pod)
Weight 0.846 19.744 2 217 0.000
Lenght 0.938 7.227 2 217 0.001
Width 0.962 4.309 2 217 0.015
Depth of primary furrow 0.988 1.295 2 217 0.276
Depth of secondary furrow 0.942 6.638 2 217 0.002
Length of primary furrow 0.918 9.736 2 217 0.000
Length of secondary furrow 0.936 7.434 2 217 0.001
Weight of whole fruit 0.988 1.366 2 217 0.257
Weight without pulp and seed coat 0.997 0.327 2 217 0.721

Seed
Lenght 1.000 0.037 2 217 0.963
Width 0.983 1.915 2 217 0.150
Thickness 0.904 11.457 2 217 0.000
Fresh weight (with pulp and seed coat) 0.992 0.865 2 217 0.042
Dry weight  with seed coat 0.958 4.700 2 217 0.010
Dry weight without the seed coat 0.959 4.680 2 217 0.010
Almond index 0.949 5.806 2 217 0.003
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Linear discriminant functions
Because there are three groups, two discriminant functions were generated at the two canonical 

axes. For these functions, the method of selecting one variable at a time was used by, using as criteria 
of inclusion of those variables that minimize the statistical value of wilks lambda, with a significance 
level of 0.05 to 0.10. After thirty stages, the process ends with a selection of four variables (Table 3). 

Table 3 shows that the first variable entering of the model is length. On the second step, the vari-
able width is incorporated. By recalling, that these two variables (that belong to the fruit) had already 
been mentioned in the descriptive analysis of the data, as candidates to join the discriminant function 
for their ability to separate the groups. By adding a second variable to the model discrimination among 
groups grows, as reflected in the lower value of wilks lambda, which goes from 0.461 to 0.417. By not-
ing, that the value of this statistic is gradually reduced to incorporate more variables into the model. 
This indicates that discrimination among groups is increasing (the statistical Λ decreases), while the 
number of variables in the model was increased. Dry weight without seed coat and fresh weight, that 
are two proprietary seed variables, are also included.

Canonical correlation analysis
The eigenvalues of the two functions that make up the model are uneven. It can be concluded that 

the canonical axis 1 explains 97.9% of the variance between groups, while the axis 2 explains only 
2.1% of the variability (Table 4). 

The canonical correlation coefficient for the first canonical axis (0.776) indicates that 60.21% (ρ2 = 
0.7762) of the variance among groups is explained by the first linear discriminant function. This means 
that with a single discriminant function that is able to collect 60.21% of the variance due to differences 
among groups. Similarly, the canonical correlation coefficient for the second canonical axis (0.179) 
indicates that 3.2% (ρ2 = 0.1792) of the variance among groups is explained by the second linear dis-
criminant function. Therefore, 63.41% of the variability among groups is explained by the two linear 
discriminant functions. 

Table 3. Included morphological descriptors

Steps Descriptors added
Wilks lambda

Exact F-test 
Statistics df1 df2 df3 Statistics df1 df2 Sig.

1 Length (fruit) 0.461 1 2 215 125.567 2 215 0.000
2 Width (fruit) 0.417 2 2 215 58.600 4 428 0.000
3 Dry weight without seed 

coat (seed)
0.400 3 2 215 41.220 6 426 0.000

4 Fresh weight (seed) 0.384 4 2 215 32.480 8 424 0.000

Table 4. Eigenvalues
Function Eigenvalues Variability (%) Accumulated Canonical 

variability (%) Correlation
1 1.518a 97.90 97.90 0.776
2 0.033a 2.10 100.00 0.179

a Only two discriminant functions has been employed in the canonical analysis. 
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Group centroids 
Table 5 presents average scores of the linear discriminant functions of the three groups studied. 

The first function assigns negative scores to the cocoa tree clones belonging to G1 (chemical fertilizer) 
and positive scores for the ones belonging to G2 (organic) and G3 (combined). For the second function, 
the centroids of G1 and G2 are in the negative side while, the centroid of the G3 is located on the posi-
tive side.

Figure 1 shows the position of the centroid of the three groups in each axis. The first function sepa-
rates groups much better than the second axis. From now on, the analysis is going to focus on this func-
tion. Any interpretation coming from the second function, it must be taken cautiously, that only a small 
fraction of the variability can be explained through this representation.  

Standardized coefficients
Table 6 collects the coefficients of the four selected variables, sorted by their ability to explain 

changes in the linear discriminant functions.

According to the Table 6, it can be concluded that the variable length, a positive standardized coef-
ficient, the first canonical discriminant function (CDF) increases (decreases) in 0.691 units when the 
length of the fruit increases (or decreases) in one standard variation. In the case of a negative standard-
ized coefficient (fresh weight) the first CDF increases (decreases) 0.303 units when the fresh weight of 
the seed decreases (or increases) in one standard deviation. 

Table 5. Centroids of the groups
Groups Function

1 2
G1 -1.27 -0.101
G2 2.12 -0.259
G3 0.435 0.203

Axis 1 G1 G3 G2

Axis2 G2 G1 G3

Figure 1. Group centroids for each discriminant axis.

Table 6. Standardized coefficients of the canonical discriminant functions

Selected variables
Function

1 2
Length (fruit) 0.691 -0.201
Width (fruit) 0.444 -0.248
Fresh weight (seed) -0.303 0.689
Dry weight without seed coat (seed) 0.351 0.500
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Based on the standardized coefficients of the four variables, in the axis one group 1 is negative and 
groups 2 and 3 are positive, our data can interpret that cacao tree clones with greater fresh weight 
(seeds) and smaller length and width and lower dry weight without seed coat shall be classified in group 
1. Likewise, our data can say that clones with high values in length and width of the fruit, and more dry 
weight without the seed coat, can be classified in group 2 or group 3. Since the centroid of the third 
group is positive, our data can interpret that cocoa tree clones with greater fresh and dry weight with-
out the seed coat and shorter length and width of the fruit can be classified as group 3. 

Table 7 shows that the model correctly classified at 75.7% of the cocoa tree clones. Misclassifica-
tion is not distributed symmetrically. Groups 1 and 3 achieved the highest percentage of correct classi-
fication at 79.1%, against having at 58.3% in group 2. The clones belonging to group 2 are mostly mis-
placed in group 3, and tree clones of groups 1 and 3 are confused with each other.

Discussion

The main finding of the study is that beans with higher weight and size were obtained from cocoa 
trees cultivated with organic fertilizer. Meanwhile‚ the cocoa trees fertilized with chemicals‚ made 
beans with lower weight and size. Just one linear discriminant function was statistically significant. 
The latent variable was defined as a linear combination of the following morphological descriptors: 
length and width of the fruit and fresh weight and dry weight without the seed coat in seeds. The dis-
criminant analysis was able to classify correctly at 75.70% of the fruit of the cocoa trees. These results 
could prove relevant for state-agencies in charge of promoting sustainable growing and harvesting 
techniques to agricultural farmers in underdeveloped countries‚ particularly in Latin America.

Table 7. Classification results a,b

GROUP
Forecast

Total1 2 3

Original

Recount
1 72 1 18 91
2 0 21 15 36
3 14 5 72 91

%
1 79.10 1.10 19.80 100.00
2 0.00 58.30 41.70 100.00
3 15.40 5.50 79.10 100.00

Cross validationc

Recount
1 70 1 20 91
2 0 18 18 36
3 14 5 72 91

%
1 76.90 1.10 22.00 100.00
2 0.00 50.00 50.00 100.00
3 15.40 5.500 79.10 100.00

a. Correctly classified 75.7% of original groups.
b. Correctly classified 73.4% of the grouped cases through cross validation. 
c. Cross validation only applies to the cases in analysis.
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