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INTRODUCTION

Cocoa (Theobroma cacao) is a crop of great 
importance worldwide, especially in tropical 
countries such as Ecuador (Abad et al., 2020), 
where, in addition to its economic relevance, it has 
a significant impact on the local communities that 
depend on its production and marketing (Vargas 
Pérez et al., 2021). Ecuador stands out for its pro-
duction and predominance of fine and aroma co-
coa. However, other materials, mainly the CCN-
51 clone, are also widely cultivated, preferably 

for their yield (Cedeño and Dilas-Jiménez, 2022). 
Despite its relevance, cocoa has low productivi-
ty due to several factors, including a low fertility 
rate, since only about 2% of the flowers are ferti-
lized and become fruit, mainly due to its self-in-
compatibility and low pollinator population 
(Alvim, 1984; Avendaño-Arrazate et al., 2021).

Pollination in cocoa is entomophilous (Armi-
jos Vásquez et al., 2020), and is therefore an essen-
tial ecosystem service that contributes directly to 
crop productivity. Pollinators are particularly in-
sects of the order Diptera, of the Ceratopogonidae 
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family, especially the genera Forcipomyia and 
Dasyhelea. These organisms transfer pollen from 
one flower to another, facilitating fertilization and 
subsequent fruit formation (Cañarte et al., 2021; 
García ad Guzmán-Cedeño, 2022; Montero et al., 
2022). This service not only has a positive impact 
on the quantity and quality of the fruits, but also 
has a significant economic value for cocoa pro-
ducers; since cocoa has low natural fertility, the 
efficiency of pollination significantly influences 
its yield (Lander et al., 2025), which means that 
pollinators play a fundamental ecosystemic role 
in the production chain of this crop. 

In this context, the conservation of pollina-
tor diversity and the proper management of their 
habitat are crucial to ensure that this ecosystem 
service continues to benefit both the environment 
and the economy of agricultural communities. In 
such circumstances, the objective of this research 
was to evaluate the impact of pollination as an 
ecosystem service in two types of cocoa (Na-
cional and CCN-51), analysing the diversity and 
abundance of pollinators, as well as their effect on 
pollination and fruit production, in order to pro-
mote management strategies that optimize polli-
nation and improve crop productivity.

MATERIALS AND METHODS

Location, experimental area, and experiment 
management

This research was developed during twelve 
months in the period July 2022-June 2023, on 
the campus of the Escuela Superior Politécnica 
Agropecuaria de Manabí ESPAM MFL, located 
in Bolívar-Manabí, Ecuador; under the climatic 
conditions of 21–30°, annual rainfall of 1000 mm 
and average relative humidity of 82% (Valdivieso 
et al. 2021). An experimental area of 1350 m2 was 
set up within a 20-year-old monoculture cocoa 
plantation, with 150 trees with the two types of 
cocoa. The area was divided into two experimen-
tal plots of 675 m2 each (45×15 m), in which 75 
trees of Nacional cocoa clones (EET-103, EET-
510, EET-544, EET-559, EET-575, EET-576) and 
75 trees of the CCN-51 clone were evaluated, es-
tablished at a distance of 3 x 3 m between trees, 

with a population of 1111 pl. ha-1. Drip irrigation 
was used, with monthly irrigation during the dry 
season (June-December). Fertilization was inor-
ganic and was carried out at the beginning and 
end of the rainy season. A phytosanitary pruning 
was performed, and on two occasions, the remov-
al of pods affected by Frosty Pod Rot (‘monilla’) 
and Witches’ Broom (‘escoba’) was carried out.

Total number of flowers per tree/month

Within the experimental area, 15 trees per 
plot were randomly selected, with 15 from each 
cocoa type (Nacional and CCN-51), totalling 30 
observation units. Each tree was identified with 
a blue ribbon (Figure 1) for tracking purposes. 
Observations were made once a month for the 12 
months of the experiment, and the total number 
of flowers on the trunk and main branches of each 
tree was recorded through direct counting.

Percentage of pollination, fertilization and 
fruit formation

In the study of flower pollination, flower fer-
tilization and fruit formation, the type of cocoa: 
Nacional and CCN-51, was considered as a re-
sponse factor. The same 15 trees per experimental 
plot were used as in the previous variable, and 
each tree was considered as a unit of observa-
tion. At the beginning of each of the 12 months 
of evaluation, a branch or section of the trunk 
approximately 60 cm long was selected, making 
sure that it contained mature flower buds (ready 
to open) (Figure 2). This section was marked with 
masking tape for tracking throughout the study.

Flower buds were counted at the start, and 
open, dried or detached flowers were removed. 
Thereafter, pollinated flowers were recorded by 
observing and counting open flowers 3 and 6 days 
after the initial marking. Fertilization was as-
sessed by counting visibly fertilized flowers (yel-
low or brown) at 14 days, and finally, developing 
fruits were recorded at 21 and 28 days. Based on 
these data, the corresponding percentages were 
calculated using Equation 1: for pollination, the 
count at 6 days was taken; for fertilization, the 
count at 14 days was used, and for fruit forma-
tion, the count at 21 days was used.

%Pollination/Fertilization/Fruit Formation
= # 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓, 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓, 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

# 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 × 100               (1)
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Pollinators of the Ceratopogonidae family

For the monitoring of pollinators of the Cera-
topogonidae family, the type of cocoa (Nacional 
and CCN-51) and three types of food substrates 
for pollinators (cocoa husk, plantain/banana pseu-
dostem and leaf litter) were established as response 
factors (Table 1). The experimental area was di-
vided into six plots (three with Nacional and three 
with CCN-51), each with 25 trees. Within each 
plot, three ‘truncated pyramid’ type traps were 
placed, which were constructed of wood with a di-
mension of 0.70 m in height and a base of 0.50 × 
0.50 m (Figure 3A and 3B). These traps have an 
upper and a lateral opening, where a transparent 

hose approximately 10 cm in length is inserted. At 
the end of the hose, a 9 cm glass jar containing 
70% alcohol is attached, which serves as a collec-
tor for the pollinators (Montero et al., 2019)

Each trap corresponded to one of the three 
substrates and a total of 18 traps were randomly 
distributed among the six plots. The traps were 
placed during one year, evaluated monthly and co-
incided with the harvest dates. This was done in or-
der to take advantage of the cocoa husks. On each 
date, two mounds of each substrate were placed; 
one to place the trap and the other as a pollinator 
attractant. Once the substrate was placed under the 
trap, it was ensured that the trap was hermetically 
sealed, using the surrounding leaf litter to ensure 
the seal. Samples were collected monthly in indi-
vidual jars with 70% alcohol, duly identified. The 
identification and counting of pollinator diversity 
was carried out in the Entomology Laboratory of 
the Portoviejo Experimental Station of the Na-
tional Institute of Agricultural Research (INIAP), 
using the reference collection maintained by this 
laboratory (Marino & Spinelli, 2008).

A randomized complete block design (RCBD) 
was used, with a 2 × 3 factorial arrangement, con-
sidering factor A the Nacional cocoa monoculture 
system (a1) and the CCN-51 cocoa monoculture 
system (a2), factor B the substrate, where cocoa 
husk (b1), plantain/banana pseudostem (b2) and 
leaf litter (b3).

Total pod production and dry cocoa yield 

Pod production and dry cocoa weight were 
evaluated monthly on each of the 75 trees per plot 
(Nacional and CCN-51), considering each of the 

Figure 1. Cocoa trees marked with blue ribbon (the yellow ribbon corresponded to the trees selected for 
evaluating pod production and dry cocoa yield)

Figure 2. Section of tree branch marked with tape for 
assessment of floral biology (flowering, pollination, 

fertilization and fruit formation)
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150 trees as an individual unit of analysis. Har-
vesting was carried out monthly, and the data were 
consolidated on an annual basis. To calculate co-
coa yield, the dry weight in kg per tree was mul-
tiplied by the planting density (1111 plants ha⁻¹).

Statistical analysis

The data were subjected to the Shapiro–
Wilk normality test and Bartlett’s test for homo-
geneity of variances. Since the assumptions re-
quired for parametric analysis were not met, the 
non-parametric Kruskal–Wallis test was used to 
evaluate differences between treatments. Subse-
quently, a post hoc median comparison analy-
sis was conducted to group treatments using 
shared letters based on the significance level (α 
= 0.05). All analyses were performed using the 
‘Agricolae’ package in the R statistical software 
(R Core Team, 2024)

RESULTS AND DISCUSSION

Total number of flowers per tree/month

Kruskal-Wallis test revealed significant statis-
tical differences (P < 0.05) in nine of the 12 months 
evaluated, the exceptions being the months of July 
and August 2022, as well as January 2023, between 
the two types of cocoa under study (Table 2). Clone 
CCN-51 showed a significant difference compared 
to the Nacional clones, standing out for its higher 
flower production throughout the year. The maxi-
mum flower production was recorded in February 
with an average of 165.07 flowers/tree in CCN-51, 
while Nacional reached only 64.07 flowers/tree in 
the same month. In terms of average annual pro-
duction, CCN-51 recorded a total of 756 flowers/
tree, far exceeding both the Nacional, which had 
317 flowers/tree, and the overall average of all the 
trees evaluated (537 flowers/tree) (Table 3).

Despite the differences between the two types 
of cocoa trees, a marked parallelism was observed 
in the temporal pattern of flowering. It was also 
evident that the highest flowering load was con-
centrated in the first half of the year, which cor-
responds to the rainy season (Figure 4). These re-
sults confirm a strong influence of environmental 
factors, mainly rainfall, on cocoa flowering, as 
pointed out by Ríos Moyano et al. (2023). This su-
periority of the CCN-51 clone is associated with 
its adaptability and genetic stability of its flower-
ing, depending on the environmental conditions of 
the production area, as supported by studies carried 

Figure 3. Truncated pyramid traps (a), placement of the alcohol glass jars (b)

Table 1. Treatments for the counting of Ceratopo-
gonidae pollinators

Treatment Combination

T1 Nacional+Cocoa husk

T2 Nacional+Pseudostem

T3 Nacional+Leaf litter

T4 CCN-51+Cocoa husk

T5 CCN-51+Pseudostem

T6 CCN-51+Leaf litter
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out by Gil-Restrepo et al. (2017) and Torres de La 
Cruz et al. (2023), who, when evaluating several 
cocoa clones, including CCN-51, determined that 
it always produced the highest number of flowers/
tree, strongly associating this behaviour with rain-
fall, but that it also requires greater nutritional de-
mand (Puentes-Páramo et al. 2014).

Percentage of flowers pollinated

When analysing the pollination of flowers in 
the two cocoa types (Nacional and CCN-51), the 

Kruskal-Wallis test revealed significant statistical 
differences (P < 0.05), in the months of August, 
October, November 2022, as well as in January, 
February, March and June 2023 (Table 4). Dur-
ing this period, with the exception of August, 
the National cocoa stood out significantly from 
CCN-51, by presenting the highest pollination 
percentages, reaching peak values in the months 
of November (32.13%), May (31.19%), March 
(22.04%) and August (19.73%). The CCN-51, on 
the other hand, showed peaks in August (30.60%), 
May (25.75%), November (18.40%) and March 

Table 2. Floral production (number of flowers per tree) in two cocoa types: Nacional and CCN-51

Month Overall 
Mean

Mean – CCN-51 
(flowers/tree)

Mean – 
Nacional 

(flowers/tree)
CV (%)

Normality Test 
(Shapiro-Wilk: W; 

p value)

Homogeneity 
Test (Bartlett: 
K²; p value)

Kruskal-Wallis 
Test (Chi²; p 

value)
MSD

July 2022 14.5 18.53a 10.47a 79.22 W = 0.809; p < 
0.0001

K² = 8.57; 
p = 0.0034

χ² = 3.50; p = 
0.0614 6.27

August 2022 18.37 23a 13.73a 77.67 W = 0.88; 
p = 0.0026

K² = 11.43; p = 
0.0007

χ² = 1.26; p = 
0.2619 6.54

September 2022 25.2 34.87a 15.53b 73.7 W = 0.91; 
p = 0.01502

K² = 10.94; 
p = 0.00094

χ² = 7.64;
p=0.00570 5.74

October 2022 29.5 39.80a 19.20b 74.7 W= 0.9; 
p = 0.0063

K² = 4.26, 
p = 0.0389

χ² = 7.06; p = 
0.0079 5.83

November 2022 38 57.80a 18.20b 62.02 W= 0.93; 
p= 0.04913

K² = 7.63, 
p = 0.0057

χ² =14.58; 
p = 0.0001 4.72

December 2022 36.23 48.53a 23.93b 59.49 W = 0.98;
 p = 0.6943

K² = 9.94, 
p = 0.0016

χ² = 6.30; p = 
0.0120 5.93

January 2023 70.27 83.27a 57.27a 79.43 W = 0.83, 
p < 0.001

K² = 2.57, 
p = 0.12

χ² = 1.87; p = 
0.171 6.47

February 2023 114.57 165.07a 64.07b 121.78 W = 0.75, 
p = <0.001

K² = 3.83, 
p = 0.05

χ² = 7.85; p = 
0.005 5.72

March 2023 47.93 75.53a 20.33b 191.33 W = 0.52, 
p < 0.001

K² = 31.33, 
p < 0.001 χ² =5.40; p = 0.02 6.04

April 2023 52.97 82.20a 23.73b 146.69 W = 0.46, 
p < 0.001

K² = 29.49, 
p < 0.001

χ² =11.58; p = 
0.0006 5.19

May 2023 44.53 66.27a 22.80b 121.41 W = 0.47, 
p < 0.001

K² = 31.78,  
p < 0.001

χ² =14.57; p < 
0.001 4.72

June 2023 44.63 61.53a 27.73b 148 W = 0.45, 
p < 0.001

K² = 26.7, 
p < 0.001

χ² =5.7; 
p = 0.02 6

Note: W = Shapiro-Wilk statistic (normality of residuals); K² = Bartlett’s test statistic (homogeneity of 
variances); χ² = Kruskal-Wallis test statistic (non-parametric comparison); MSD = Minimum Significant 
Difference. Different letters indicate statistically significant differences (p < 0.05). Raw data are provided in 
Annex 1 (Supplementary Material).

Table 3. Summary of statistical results for monthly and annual flower production (number of flowers per tree) in 
two cocoa types: Nacional and CCN-51

Parameters

Overall 
Mean (# 

of flowers/
tree)

Mean – CCN-
51 (# of 

flowers/tree)

Mean – 
Nacional (# of 
flowers/tree)

CV (%)
Normality Test 

(Shapiro-Wilk: W; p 
value)

Homogeneity Test 
(Bartlett: K²; p 

value)

Kruskal-Wallis Test 
(Chi²; 

p value)
MSD

# total 
flowers/tree/

year
537 756 a 317 b 89.95 W = 0.64, 

p < 0.001
K² =14.90;
 p < 0.001

χ² =12;  
p < 0.001 5.13

# mean 
flowers/tree/

month
45 63 a 26 b 89.86 W = 0.64, 

p < 0.001
K² =14.89; 
p < 0.001

χ² =12; 
p < 0.001 5.13

Note: W = Shapiro-Wilk statistic (normality of residuals); K² = Bartlett’s test statistic (homogeneity of 
variances); χ² = Kruskal-Wallis test statistic (non-parametric comparison); MSD = Minimum Significant 
Difference. Different letters indicate statistically significant differences (p < 0.05). Raw data are provided in 
Annex 2 (supplementary material).
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(14.27%). Despite these differences, both cocoa 
types exhibited a very similar fluctuation in pol-
lination over time, with coinciding peak periods, 
such as the one observed in May, results similar to 
those reported by Córdoba et al. (2013).

Although there was no marked seasonality in 
the percentage of pollination of flowers, a slight 
increase was observed in the rainy season in the 
Nacional type, while in CCN-51 this increase oc-
curred during the dry season of the year (Figure 
5). Ríos-Moyano et al. (2023) state that pollina-
tion is more effective during the rainy season, 
which is associated with the greater abundance of 
pollinator populations at this time of year. Stud-
ies by Vansynghel et al. (2022) in Peru found that 
climatic factors may influence the absence of a 
clear pattern in pollination, suggesting that the 
region may face a significant pollination deficit 
in cocoa cultivation. Finally, another interesting 
and under-researched aspect is presented by Ar-
nold et al. (2019), who explored the role of flower 
odour on pollinators in an attempt to understand 
the plant-insect interaction.

Percentage of fertilized flowers

In reference to the fertilization of flowers (Ta-
ble 5), Kruskal-Wallis established significant sta-
tistical differences (p < 0.05) between the two co-
coa types, during the months of August 2022 and 
January, February, March, April, May 2023. The 
results obtained for this variable were consistent 
with the pollination patterns previously described, 

since, once again, the Nacional cocoa type stood 
out over the CCN-51, by presenting higher fertil-
ization percentages, mainly in the months of Au-
gust (dry season) and January, February, March, 
April, May and June (rainy season).

A synchrony was observed in both cocoa types 
throughout the year; coinciding in the months of 
greatest productive activity, March (12.26 and 
5.04%) and May (18.38 and 6.81%), respectively. 
It was also determined that in the Nacional type, 
fertilization was more intense in the rainy season, 
which suggests a positive influence of rainfall 
on the reproductive process. This situation is not 
marked in the CCN-51 clone (Figure 6). Cañarte 
et al. (2021), in their annual evaluation, obtained 
an increase in fertilization from March to Decem-
ber, as well as a significant drop between polli-
nation and fertilization, from 5.88% to 2.74% of 
fertilized flowers. Córdoba et al. (2013) obtained 
similar fertilization percentages, in their case 
from 2 to 4%. The percentages of this research 
coincide with the literature, since a decline in co-
coa fertilization could be related to fluctuations 
in climatic conditions or the availability of pol-
linators during these months (Vansynghel et al., 
2022; Jaramillo et al., 2024).

Percentage of fruit formation

When analysing the response of cocoa type on 
the percentage of cocoa fruit formation (Table 6), 
Kruskal-Wallis detected significant statistical dif-
ferences (P < 0.05) in the months of August and 

Figure 4. Fluctuation of the average flower/tree production of two types of cocoa. Averages with different letters 
show significant differences (p < 0.05).
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May. It was observed that, even without statistical 
differences, Nacional numerically outperformed 
CCN-51 in seven months of the year. The high-
est percentages of fruits formed (6.18, 6.69, 3.51, 

4.83, 7.37 and 4.35%), belonging to the Nacional, 
were reported in the months of January to June, 
respectively, which correspond to the rainy pe-
riod, indicating a seasonality. On the other hand, 

Table 4. Percentage of pollinated flowers in two cocoa types: Nacional and CCN-51

Month

Overall 
Mean (% 

flower 
pollination)

Mean – 
CCN-51 
(% flower 

pollination)

Mean – 
Nacional 
(% flower 

pollination)

CV 
(%)

Normality Test 
(Shapiro-Wilk: 

W; p value)

Homogeneity 
Test (Bartlett: 
K²; p value)

Kruskal-
Wallis Test 

(Chi²; p 
value)

Minimum 
significant 
difference 

(MSD)

July 2022 13.57 15.57a 11.47a 76.64 W = 0.9652, p= 
0.4175

K² = 2.3603e-
07; p = 0.99

χ² = 1.79; 
p = 0.18 6.44

August 
2022 25.17 30.60 a 19.73 b 33.95 W= 0.898, 

p = 0.007561
K² = 0.04; p = 

0.842
χ² = 10.4; 
p = 0.001 5.35

September 
2022 12.6 12a 13.2a 48.09 W = 0.986, 

p = 0.9622
K² = 0.89; 
p=0.345

χ² = 0.53; 
p = 0.466 6.61

October 
2022 16.87 12.47 b 21.27 a 53.79 W = 0.985, 

p = 0.9302
K² = 5.47, p = 

0.019
χ² = 5.74; 
p = 0.017 5.97

November 
2022 25.27 18.4 b 32.13 a 51.31 W = 0.956, 

p = 0.247
K² = 12.36, 
p=0.0004

χ² = 7.42; 
p = 0.006 5.77

December 
2022 20.77 18.4a 23.13a 65.83 W= 0.78, 

p = 0.00001 K² = 0.7, p=0.4 χ² = 1.8; 
p = 0.18 6.5

January 
2023 13.23 7.65 b 18.81 a 80.24 W=0.95, p=0.23 K² = 8.6, 

p=0.003
χ² = 4.6; 
p = 0.03 6.12

February 
2023 15.75 10.55 b 20.95 a 75 W = 0.946, 

p= 0.133
K² = 9.12, 
p = 0.0025

χ² = 4.32; 
p = 0.038 6.16

March 2023 18.15 14.27 b 22.04 a 71.45 W = 0.891, 
p = 0.0051

K² = 0.217, 
p = 0.65

χ² = 4.67;  p 
= 0.031 6.13

April 2023 11.8 8.53a 15.07a 99 W = 0.882, 
p= 0.0031

K² = 9.02, 
p = 0.002

χ² =1.27; 
p = 0.26 6.52

May 2023 28.47 25.75a 31.19a 62 W = 0.95, 
p = 0.2

K² = 0.22, 
p = 0.63

χ² =0.92; 
p = 0.33 6.58

June 2023 12.73 7.74 b 17.73 a 100.64 W = 0.72, 
p < 0.001

K² = 7.44, 
p = 0.006

χ² =6.12; 
p = 0.01 5.93

Note: W = Shapiro-Wilk statistic (normality of residuals); K² = Bartlett’s test statistic (homogeneity of 
variances); χ² = Kruskal-Wallis test statistic (non-parametric comparison); MSD = Minimum Significant 
Difference. Different letters indicate statistically significant differences (p < 0.05). Raw data are provided in 
Annex 3 (Supplementary Material).

Figure 5. Fluctuation of pollination percentage. Means with different letters 
represent significant differences (p < 0.05)
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CCN-51 reached a maximum of 3.33% of fruits 
formed in the month of December. These results 
are consistent with the higher pollination and fer-
tilization values described above.

In contrast to pollination and fertilization, 
there was no synchronism in fruit formation 

between the two cocoa types throughout the year. 
On the contrary, there was a differentiated erratic 
fluctuation between the two types of cocoa. With 
regard to the seasonality of CCN-51, as with pol-
lination and fertilization, a slight increase in fruit 
formation was observed during the dry period of 

Table 5. Monthly percentage of fertilized flowers in two cocoa types: Nacional and CCN-51

Month

Overall 
Mean (% 
fertilized 
flowers)

Mean – 
CCN-51 (% 

fertilized 
flowers)

Mean – 
Nacional 

(% fertilized 
flowers)

CV (%)
Normality Test 

(Shapiro-Wilk: W; p 
value)

Homogeneity 
Test (Bartlett: 
K²; p value)

Kruskal-Wallis 
Test (Chi²; 
p value)

MSD

July 2022 2.87 3.27a 2.47a 109.25 W = 0.864, 
p = 0.00126

K² = 0.0001; p = 
0.992

χ² = 0.6; 
p = 0.44 6.41

August 2022 3.87 2.07 b 5.67 a 87.47 W = 0.95, 
p = 0.162

K² =2.45; p = 
0.118

χ² =6.54; 
p = 0.0105 5.69

September 
2022 3.17 3.33a 3a 82.97 W = 0.93, 

p = 0.0255
K² = 3.71; p = 

0.054
χ² =0.11; 
p = 0.735 6.56

October 
2022 3 3.47a 3.4a 79.64 W = 0.92, 

p = 0.0224
K² = 0.93; p = 

0.336
χ² =0.028; 
p = 0.867 6.62

November 
2022 3.6 3.87a 3.33a 67.45 W = 0.95, 

p = 0.1584
K² = 3.38; p = 

0.066
χ² =0.394; 
p = 0.53 6.59

December 
2022 3.4 3.33a 3.47a 93.51 W = 0.84, 

p = 0.00031
K² = 1.02; 
p=0.312

χ² =0.056; 
p = 0.81 6.45

January 
2023 6.56 2.64 b 10.48 a 123 W = 0.80, 

 p < 0.001
K² = 15.9; 
p<0.001

χ² =4.97; 
p = 0.0258 5.9

February 
2023 6.08 2.32 b 9.85 a 128 W = 0.81, 

p < 0.001
K² = 20.43; 

p<0.001
χ² =4.97; 

p = 0.0258 5.9

March 2023 8.65 5.04 b 12.26 a 101.42 W = 0.83, 
p = 0.00024

K² =11.52; 
p = 0.00069

χ² =4.90; 
p = 0.026 6.07

April 2023 5.97 2.68 b 9.27 a 140.18 W = 0.735, 
p-value <0.0001

K² = 14.27; 
p < 0.001

χ² =2.8; 
p = 0.051 6.03

May 2023 12.6 6.81 b 18.38 a 84 W = 0.893, 
p = 0.0058

K² = 3.29; 
p = 0.07

χ² =8.43; 
p = 0.004 5.6

June 2023 4 1.9a 6.09a 127.8 W = 0.7, 
p < 0.001

K² =16.13; 
p < 0.001

χ² =2.01; 
p = 0.156 5.95

Note: W = Shapiro-Wilk statistic (normality of residuals); K² = Bartlett’s test statistic (homogeneity of 
variances); χ² = Kruskal-Wallis test statistic (non-parametric comparison); MSD = Minimum Significant 
Difference. Different letters indicate statistically significant differences (p < 0.05). Raw data are provided in 
Annex 4 (Supplementary Material).

Figure 6. Fluctuation of the percentage of fertilized flowers. Means with different letters show significant differences (p < 0.05)
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the year (Figure 7A). Finally, Figure 7B shows 
the annual mean values of the three variables 
presented above, depending on the type of cocoa 
(Nacional and CCN-51). The results show that, in 
general, Nacional outperforms CCN-51 in the an-
nual mean percentages of pollination (20.56%), 
fertilization (7.31%) and fruit formation (3.34%) 
(Figure 8A, 8B and Table 7).

Despite the better performance of Nacional in 
these variables, fruit production in Theobroma ca-
cao remains extremely low, as evidenced by Van-
synghel et al. (2022), where they obtained a 2% 
success rate for natural pollination compared to 
7% for hand pollination in Peru. Likewise, Wein-
stein et al. (2024) showed that nutrient availabil-
ity increases the percentage of natural fruit set, 
especially in terms of nitrogen, which highlights 
the importance of considering nutritional man-
agement in future research. The drastic reduc-
tion in fruit set is also related to environmental 
and biological factors, as supported by studies by 
Groeneveld et al. (2010). Lahive et al. (2019) and 
Ramírez-Argueta et al. (2022) agree that agroeco-
logical management of cocoa plantations could 
favourably influence their productivity.

Finally, the results on the seasonality of pol-
lination, fertilization and fruit formation in this 

research suggest that Nacional cocoa is more 
adaptable to the environmental conditions of 
the rainy season, in contrast to CCN-51, which 
showed a slightly more favourable response dur-
ing the dry season.

Pollinators of the family Ceratopogonidae on 
two cocoa types and three food substrates

During the research, 11 species of Diptera: 
Ceratopogonidae were identified, grouped into five 
species of the genus Forcipomyia (F. quatei, F. ura-
mensis, F. youngi, F. genualis and F. pictoni), three 
species of the genus Dasyhelea (D. borgmeiri, D. 
cacaoi and D. winderi), as well as three species 
of the genus Culicoides (C. pusillus, C. paraensis 
and Culicoides sp.1). A total of 7876 specimens of 
Ceratopogonidae collected during the period July 
2022 to June 2023 were counted, grouped into 
1550 specimens of the genus Forcipomyia; 6067 
specimens of the genus Dasyhelea and 259 speci-
mens of the genus Culicoides (Figure 9). 

This predominance of individuals of the 
genus Dasyhelea is consistent with reports by 
Montero et al. (2019), Cañarte et al. (2021) and 
Montero et al. (2022) in similar areas. In contrast, 
studies by Salazar-Díaz and Torres-Coto (2017) 

Table 6. Percentage of fruit formation in two cocoa types

Month
Overall 

Mean (% fruit 
formation)

Mean – CCN-
51 (% fruit 
formation)

Mean – 
Nacional (% fruit 

formation)
CV (%)

Normality Test 
(Shapiro-Wilk: W; 

p value)

Homogeneity Test 
(Bartlett: K²; p 

value)

Kruskal-Wallis Test 
(Chi²; 

p value)
MSD

July 2022 1.83 2.33 a 1.33 a 117.83 W = 0.87, 
p = 0.00198

K² = 1.22; 
p = 0.249

χ² = 1.25; 
p = 0.2629 6.19

August 
2022 2.9 1.53 b 4.27 a 96.37 W = 0.93, 

p = 0.065
K² = 2.48; 
p = 0.092

χ² =5.72; 
p = 0.0168 5.73

September 
2022 2.5 2.47 a 2.53 a 96.05 W = 0.84,

 p = 0.00037
K²=0.61; 
p = 0.434

χ² = 0.007; 
p = 0.931 6.45

October 
2022 2.9 2.73 a 3.07 a 76.51 W = 0.94, 

p= 0.092
K²=3.77; 
p = 0.052

χ² = 0.075;
 p = 0.785 6.6

November 
2022 2.57 3 a 2.13 a 67.37 W = 0.96,

 p= 0.33
K²= 0.27; 
p = 0.605

χ² = 1.56;
p = 0.211 6.38

December 
2022 2.57 3.33 a 1.8 a 99.26 W = 0.93, 

p = 0.043
K²=0.26; 
p = 0.612

χ² = 2.73; 
p = 0.099 6.08

January 
2023 3.99 1.81 a 6.18 a 137.7 W = 0.864, 

p = 0.00125
K² = 15.83; 
p < 0.001

χ² =1.72; 
p = 0.189 6.16

February 
2023 4.16 1.63 a 6.69 a 138 W = 0.861, 

p = 0.00108
K² = 21.04; 
p < 0.001

χ² = 1.96; 
p = 0.161 6.13

March 2023 3.27 3.03 a 3.51 a 136.3 W = 0.79, 
p < 0.001

K² = 6.59; 
p = 0.10

χ² = 0.32; 
p = 0.573 6.14

April 2023 3.38 1.93 a 4.83 a 126.45 W =0.896,
 p = 0.0067

K² = 7.05; 
p = 0.008

χ² = 1.2; 
p = 0.27 6.22

May 2023 4.71 2.05 b 7.37 a 121 W = 0.874,
 p = 0.002

K² = 6.58; 
p = 0.01

χ² = 4.35; 
p = 0.037 5.77

June 2023 3.02 1.68 a 4.35 a 193.17 W = 0.7, 
p < 0.001

K² = 14.48;
 p < 0.001

χ² = 0.34; 
p = 0.558 5.9

Note: W = Shapiro-Wilk statistic (normality of residuals); K² = Bartlett’s test statistic (homogeneity of 
variances); χ² = Kruskal-Wallis test statistic (non-parametric comparison); MSD = Minimum Significant 
Difference. Different letters indicate statistically significant differences (p < 0.05). Raw data are provided in 
Annex 5 (Supplementary Material).



341

Ecological Engineering & Environmental Technology 2025, 26(7), 332–351

in Costa Rica reported that the Ceratopogonidae 
family was the least abundant among all pollina-
tors captured, with only 9% of the population. 
In Nicaragua, Vandromme et al. (2023) captured 
pollinators in the reproductive part of cocoa flow-
ers, finding that 95% of dipterans belonged to the 
family Cecidomyiidae (86%) and 9.4% to Cera-
topogonidae. The latter study was carried out in 
habitats with similar substrates to those evaluated 
in the present investigation, and highlights that 
the relevance of the Ceratopogonidae family has 
been underestimated in the literature, despite its 
crucial role in cocoa pollination.

Population fluctuation of Ceratopogonidae 
pollinators in relation to the two cocoa types

When the population fluctuation values of 
the specimens of the Ceratopogonidae family, 
present in the two cocoa types (Nacional and 

CCN-51) were analysed, the Kruskal-Wallis test 
did not establish a significant statistical response 
of the populations (P > 0.05), to the types of co-
coa, in any of the 12 months of evaluation (Ta-
ble 8). The populations had a very similar fluctu-
ation throughout the year of study, coinciding in 
several population peaks, mainly in August and 
December, being in the latter month when the 
average maximum was reached for both cocoa 
types (Figure 10A).

Population fluctuation of Ceratopogonidae 
pollinators in relation to the three food substrates

With regard to the analysis according to the 
three food substrates (cocoa husk, plantain/ba-
nana pseudostem and leaf litter), the Kruskal-
Wallis test reported significant statistical differ-
ence (P < 0.05) in all months of evaluation, ex-
cept March and May (Table 9). The pseudostem 

Figure 7. A. Fluctuation of fruit formation, B. Annual average values of floral biology parameters of two cocoa 
types. Averages with different letters show significant differences (p < 0.05)

Figure 8. A. Fruit development on a CCN-51 cocoa tree, B. Fruit development on a Nacional cocoa tree
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substrate stood out as always having the highest 
populations of pollinators of the Ceratopogonidae 
family. There was a very consistent population 
fluctuation throughout the year of evaluation in 
the pseudostem and cocoa husk substrates; in the 
pseudostem substrate there were two very distinct 
population peaks in August and December. In 
the cocoa husk substrate, there was a population 

peak in December (Figure 10B). The leaf litter 
substrate showed the worst performance. These 
results are supported by findings reported by 
Kaufmann (1975), Young (1983), and Montero 
et al. (2019), who state that the plantain/banana 
pseudostem, when cut into pieces and left within 
the plantation, facilitates water retention in its 
compartments, providing suitable sites for polli-
nators to lay their eggs.

Population fluctuation of Ceratopogonidae 
pollinators in the interaction between two cocoa 
types and three nutritional substrates

The Kruskal–Wallis analysis applied to the 
interaction between the two cocoa types and the 
three food substrates revealed significant differ-
ences (P < 0.05) in pollinator populations among 
treatments during nine months of the evalua-
tion period: July, August, September, October, 
November, December, January, April, and June 
(Table 10). Treatment T2 (Nacional + plantain/
banana pseudostem substrate) showed signifi-
cantly higher populations of these organisms 
in the aforementioned months, followed by T5 
(CCN-51 + plantain/banana pseudostem sub-
strate). In contrast, the leaf litter substrate (T3 
and T6) showed the lowest pollinator populations 
across all months of evaluation in both cocoa 
types. It was also observed that Ceratopogonidae 
pollinator populations increased during the dry 
season (July–December), while population levels 

Figure 9. Sample of pollinators collected in one of 
the traps

Table 7. Summary of annual averages of pollination, fertilization and fruit set parameters

Parameters Overall 
Mean 

Mean – 
CCN-51 

Mean – 
Nacional CV (%)

Normality Test 
(Shapiro-Wilk: 

W; p value)

Homogeneity 
Test (Bartlett: 
K²; p value)

Kruskal-
Wallis Test 

(Chi²; 
p value)

Minimum 
Significant 
Difference 

(MSD)
% flower 

pollination 
(3days)

48.2 45.61 b 50.78 a 11.9 W = 0.96 
p = 0.355

K² = 1.19; 
p = 0.276

χ² = 4.74; 
p = 0.029 6.13

% flower 
pollination 

(6days)
17.86 15.17 b 20.56 a 17.86 W = 0.97, 

p = 0.537
K² = 1.08; 
p = 0.299

χ² = 6.09; 
p =0.014 5.96

% 
fertilization 
(14days)

5.35 3.39 b 7.31 a 40.84 W = 0.96, 
p = 0.304

K² = 6.1; 
p = 0.014

χ² = 14.72; p 
< 0.001 4.7

% fruit 
formation 
(21days)

3.15 2.29 b 4.01 a 50 W = 0.933, 
p= 0.059

K² = 6; 
p = 0.0145

χ² = 6.3; 
p = 0.012 5.93

% fruit 
formation 
(28days)

2.73 2.11 b 3.34 a 46.69 W = 0.96, 
p = 0.254

K² = 3.83; 
p = 0.05

χ² = 5.11; 
p = 0.0238 6.08

Note: W = Shapiro-Wilk statistic (normality of residuals); K² = Bartlett’s test statistic (homogeneity of 
variances); χ² = Kruskal-Wallis test statistic (non-parametric comparison); MSD = Minimum Significant 
Difference. Different letters indicate statistically significant differences (p < 0.05). Raw data are provided in 
Annex 6 (Supplementary Material).
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declined across all treatments during the rainy 
season (January–June).

Seasonal dynamics of Ceratopogonidae 
populations during the dry season (2022) 	
and rainy season (2023)

The dry season obtained the best results, with 
T2 being the best performing, followed by T5 
(Table 11). The Kruskal Wallis test found no sig-
nificant differences in relation to the type of co-
coa, although in the average annual population, 

the Nacional type was 13 individuals higher than 
the CCN-51 (Figure 11A). In relation to the sub-
strates, significant differences were found, with 
the pseudostem in the dry season being the best 
compared to the others, presenting the highest 
average population of Ceratopogonidae, with 
679 specimens, in contrast to the 185 individu-
als in the rainy season (Figure 11B). These re-
sults coincide with Armijos et al., (2020) where 
the highest populations of insects captured were 
recorded in November and December, while the 
lowest were observed in March. Salazar-Díaz & 

Table 8. Summary statistics, monthly Kruskal-Wallis test of Ceratopogonidae pollinators between two types of 
cocoa: Nacional and CCN-51

Month
Overall Mean (# of 
Ceratopogonidae 

pollinators)

Mean – CCN-51 (# 
of Ceratopogonidae 

pollinators)

Mean – Nacional (# 
of Ceratopogonidae 

pollinators)

Kruskal-Wallis Test 
(Chi²; p value) MSD

July 2022 49.89 35.44 a 64.33 a χ² = 0.57; p = 0.45 5.39

August 2022 62.17 62.67 a 61.67 a χ² = 0.24; p = 0.625 5.43
September 

2022 29.06 24.89 a 33.22 a χ² = 0.38; p = 0.535 5.42

October 2022 36.72 39.00 a 34.44 a χ² = 0.05; p = 0.825 5.48
November 

2022 29.56 43.44 a 15.67 a χ² = 1.65; p = 0.199 5.215

December 
2022 102.72 96.89 a 108.56 a χ² = 0.24; p = 0.627 5.46

January 2023 35.5 42.00 a 29.00 a χ² = 0.44; p = 0.51 5.43
February 

2023 25.67 29.67 a 21.67 a χ² = 0.44; p = 0.51 5.43

March 2023 27 17.89 a 36.11 a χ² = 0.071; p = 0.79 5.46

April 2023 19.94 19.11 a 20.78 a χ² = 0.2; p = 0.66 5.46

May 2023 10.17 11.22 a 9.11 a χ² = 0.39; p = 0.534 5.4

June 2023 9.17 8.67 a 9.67 a χ² = 0.05; p = 0.825 5.48

Note: χ² = Kruskal-Wallis test statistic (non-parametric comparison). Different letters indicate statistically 
significant differences (p < 0.05). Raw data are provided in Annex 7 (Supplementary Material).

Figure 10. A. Comparison of the fluctuation of pollinators of the Ceratopogonidae family recorded on two cocoa 
types B. Comparison of the fluctuation of pollinators of the Ceratopogonidae family recorded on three substrates. 

Means with different letters present significant differences (p < 0.05).
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Torres (2017) state that the decrease in the Cera-
topogonidae population may be attributed to 
environmental conditions or to the influence of 
some external agent.

Production of total cocoa

In reference to the average monthly produc-
tion ha-1 of total cocoa pods (large, medium and 
small), Kruskal Wallis established significant 
statistical differences (p < 0.05), in the months 
of July, August, September and November 2022 
(Table 12). When analysing the fluctuation dur-
ing the year, and as a function of the two cocoa 
types, it was consistently observed that CCN-51 
outperformed Nacional (Figure 12). This superior 
performance of CCN-51 could be attributed to 
its higher flower production throughout the year, 
which could compensate for its lower pollination, 
fertilization and fruit set rates compared to Nacio-
nal. This finding is in agreement with that report-
ed by Ramos-Remache et al. (2023), who identi-
fied CCN-51 as the material with the highest yield 
in pod production, and who also attributed this 

to the fact that the Nacional clones produce only 
42% of the total flowers produced by CCN-51.

Seasonality of total cocoa

CCN-51 stood out with an average of 41344 
pods ha-1/year (monthly average of 3445), much 
higher than the 26768 pods ha-1/year (monthly av-
erage of 2231) achieved by the Nacional clone. 
As for the dry and rainy season, Kruskal-Wallis, 
determined statistical differences (P < 0.05) be-
tween them, in the dry period of the year, with 
the CCN-51 clone standing out significantly, pre-
senting the highest average number of pods ha-1 
(30752), in contrast to the Nacional clones, which 
reached 15598 pods ha-1. Production decreased in 
the rainy period, a pattern also reported by Bacca 
et al. (2023), who recorded peak yields towards 
the latest months of the year.

Dry cocoa yield

The summary of the results is presented in 
Table 13, and Figure 13 shows the fluctuation of 
the average monthly dry cocoa yield in kg ha-1, 

Table 9. Monthly summary statistics of the number of Ceratopogonidae pollinators in relation to the three food 
substrates

Month
Overall Mean (# of 
Ceratopogonidae 

pollinators)

Mean – Cocoa 
Husk (# of 

Ceratopogonidae 
pollinators)

Mean – Plantain/
banana 

pseudostem (# of 
Ceratopogonidae 

pollinators)

Mean – Leaf litter (# 
of Ceratopogonidae 

pollinators)

Kruskal-Wallis 
Test (Chi²; 
p value)

(MSD)

July 2022 49.89 35.50 b 110.50 a 3.67 c χ² = 12.1; 
p = 0.002 3.75

August 
2022 62.17 25.00 b 159.17 a 2.33 c χ² =13.48; 

p = 0.001 3.17

September 
2022 29.06 33.83 a 50.83 a 2.50 b χ² = 11.95; 

p = 0.0025 3.8

October 
2022 36.72 32.67 b 75.17 a 2.33 c χ² = 12.96; 

p = 0.0015 3.41

November 
2022 29.56 14.67 a 68.50 a 5.50 b χ² = 9.91; 

p = 0.007 4.51

December 
2022 102.72 90.50 a 214.50 a 3.17 b χ² = 12.56; 

p = 0.0018 3.57

January 
2023 35.5 50.33 a 51.67 a 4.50 b χ² = 10.16; 

p = 0.006 4.43

February 
2023 25.67 31.83 a 39.50 a 5.67 b χ² = 9.63; 

p = 0.008 4.6

March 
2023 27 39.5 a 24.33 a 17.17 a χ² = 2.75; 

p = 0.253 6.37

April 2023 19.94 21.00 b 36.50 a 2.33 c χ² = 13.4; 
p = 0.001 3.21

May 2023 10.17 12.50 a 15.67 a 2.33 a χ² = 4.06; 
p = 0.131 6.06

June 2023 9.17 9.00 b 17.50 a 1.00 c χ² = 13.7; 
p = 0.001 3.1

Note: χ² = Kruskal-Wallis test statistic (non-parametric comparison). Different letters indicate statistically 
significant differences (p < 0.05). Raw data are provided in Annex 7 (supplementary material).
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Table 10. Statistical summary of the number of Ceratopogonidae pollinators in relation to the interaction between 
two coca types and three food substrates.

Month

Overall Mean 
(# of Ceratopo-

gonidae 
pollinators)

Mean-T1 
(Nacional + 
Cocoa husk)

Mean-T2 
(Nacio-nal 
+ Pseudo-

stem)

Mean T3 
(Nacional + 
Leaf litter)

Mean-T4 
(CCN-51 
+ Cocoa 

husk)

Mean-T5 
(CCN-51 + 

Pseudostem)

Mean-T6 
(CCN-

51+Leaf 
litter)

CV (%)

Normality 
Test 

(Shapiro-
Wilk: W; p 

value)

Homoge-
neity Test 

(Bartlett: K²; 
p value)

Kruskal-
Wallis Test 

(Chi²; p 
value)

MSD

July 2022 49.89 51.67 abc 136.67 a 4.67 cd 19.33 bc 84.33 ab 2.67 d 49.88 W = 0.79, p 
= 0.001

K² = 34.33; 
p < 0.0001

χ² = 12.85; p 
= 0.025 5.57

August 
2022 62.17 17.33 bc 165.67 a 2.00 c 32.67 ab 152.67 a 2.67 c 155.17 W = 0.70, p 

< 0.001
K² =29.33; p 

< 0.001
χ² = 14; 
p = 0.02 4.73

September 
2022 29.06 41.67 a 56.00 a 2.00 b 26.00 a 45.67 a 3.00 b 79.81 W = 0.93, p 

= 0.212
K² =12.82;
 p = 0.03

χ² = 12.8; 
p = 0.03 5.63

October 
2022 36.72 33.33 a 68.00 a 2.00 b 32.00 a 82.33 a 2.67 b 105 W = 0.96, p 

= 0.585
K² =19.63; p 

= 0.0015
χ² = 13.11; p 

= 0.022 5.4

November 
2022 29.56 16.00 b 29.67 ab 1.33 c 13.33 b 107.33 a 9.67 bc 73.15 W = 0.92, p 

= 0.13
K² =15.138; 
p = 0.009

χ² = 12.6; 
p = 0.027 5.73

December 
2022 102.72 85.33 a 236.67 a 3.67 b 95.67 a 192.33 a 2.67 b 100.77 W = 0.9, p 

= 0.05
K² =32.32; 
p < 0.001

χ² = 12.82; p 
= 0.025 5.6

January 
2023 35.5 45.33 a 41.33 ab 0.33 c 55.33 ab 62.00 a 8.67 bc 106 W = 0.91, p 

= 0.1
K² =18.53; 
p = 0.002

χ² = 11.21; p 
= 0.047 6.6

February 
2023 25.67 27.67 ab 35.33 ab 2 c 36 a 43.67 a 9.33 bc 69 W = 0.96, p 

= 0.54
K² =10.85; 
p = 0.054

χ² = 10.1; 
p = 0.07 7.2

March 2023 27 41.33 a 34.33 a 32.67 a 37.67 a 14.33 a 1.67 a 135 W = 0.91, p 
= 0.09

K² =14.18; 
p = 0.015

χ² = 3.4; 
p = 0.64 10.07

April 2023 19.94 26.00 ab 33.33 a 3.00 cd 16.00 bc 39.67 a 1.67 d 38.78 W = 0.96, p 
= 0.52

K² = 8.4; 
p = 0.14

χ² = 14.28; p 
= 0.014 4.51

May 2023 10.17 11.67 a 13.33 a 2.33 a 13.33 a 18.00 a 2.33 a 144 W = 0.89, p 
= 0.035

K² = 14.3; p 
= 0.014

χ² = 5; 
p = 0.42 9.45

June 2023 9.17 9.33 b 19.00 a 0.67 c 8.67 b 16.00 ab 1.33 c 52 W = 0.9, p 
= 0.078

K² = 10.3; p 
= 0.07

χ² = 14.12; p 
= 0.014 4.64

Note: W = Shapiro-Wilk statistic (normality of residuals); K² = Bartlett’s test statistic (homogeneity of 
variances); χ² = Kruskal-Wallis test statistic (non-parametric comparison); MSD = Minimum Significant 
Difference. Different letters indicate statistically significant differences (p < 0.05). Raw data are provided in 
Annex 7 (Supplementary Material).

recorded between the two cocoa types under study. 
Kruskal-Wallis recorded significant statistical dif-
ferences (p < 0.05) between the cocoa types in 
July, August, October, November, February and 
June. CCN-51 had the highest average dry cocoa 
yields in kg ha-1. Despite the statistical difference 
between the two types of cocoa, they maintain a 
very similar production rate over time, even coin-
ciding in several production peaks in July, October, 
January and May. In the case of CCN-51, July is 
reported as the month of highest production, while 
in the case of Nacional it was January. 

According to studies carried out in Ecuador, 
by Pérez-Garcia and Freile-Almeida (2017), 
CCN-51 reaches its highest production in coastal 
areas, where climatic conditions differ from those 
of the Amazon region, favouring better crop de-
velopment. In Colombia, research by Bacca et 
al. (2023) reiterates the superiority of genotypes 
with red-coloured fruit (CCN-51), as they ob-
tained results of more than 460 kg ha-1, exceeding 
regional averages.

Seasonal variation in dry cocoa yield

When analysing the cumulative annual dry 
cocoa yield in kg ha-1, obtained between the two 

cocoa types, the Kruskal-Wallis analysis de-
termined significant statistical differences (p < 
0.05), with CCN-51 standing out, which reached 
an average of 2326 kg ha-1 of dry cocoa (Table 
13) (Figure 14A). It was observed that for CCN-
51 the highest yields occurred during the dry sea-
son, while the Nacional clones produced more 
during the rainy season. When the yield in kg 
ha-1 was analysed according to cocoa type, Krus-
kal-Wallis determined statistical differences (p 
< 0.05) between them, during the dry and rainy 
periods of the year, with CCN-51 standing out 
significantly, as it had the highest average yield 
in the dry season (1311 kg ha-1) and 1009 kg ha-1 
in the rainy season (Figure 14B).

This higher yield reported by the CCN-51 
clone is consistent with what is expressed in the 
literature, as its genetic improvement is intended 
to increase production values compared to other 
Nacional type varieties (Pérez-García and Freile-
Almeida, 2017; Abad-Sánchez et al. 2018). 
However, in general, cocoa yield is limited by an 
important factor, such as incompatibility, which 
may depend on the genetic origin of the pollen 
grains, and as it has a high variability, it is recom-
mended to carry out studies locally first, as stated 
by Akoa et al. (2021).
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Table 11. Summary of statistical results of Ceratopogonidae pollinators as a function of seasonality in two cocoa 
types (Nacional and CCN-51) and three nutritional substrates

Parameters Total 2022 (dry 
season)

Total 2023 (rainy 
season) Annual total

Overall Mean (# of Ceratopogonidae pollinators) 310.11 127.44 437.56

Cocoa type

Mean-Nacional (# of Ceratopogonidae 
pollinators) 317.89 a 126.33 a 444.22 a

Mean-CCN-51 (# of Ceratopogonidae 
pollinators) 302.33 a 128.56 a 430.89 a

Kruskal-Wallis Test (Chi²; p value) χ² = 0.008; 
p = 0.92

χ² = 0.018; 
p = 0.89

χ² = 0.05; 
p = 0.82

Substrates

Mean – Cocoa Husk (# of Ceratopogonidae 
pollinators) 232.17 b 164.17 a 396.33 b

Mean – Plantain/banana pseudostem (# of 
Ceratopogonidae pollinators) 678.67 a 185.17 a 863.83 a

Mean – Leaf litter (# of Ceratopogonidae 
pollinators) 19.50 c 33.00 b 52.50 c

Kruskal-Wallis Test (Chi²; p value) χ² = 14.76; 
p < 0.001

χ² = 11.24; 
p = 0.003

χ² = 15.16; 
p < 0.001

Treatments 
combination

Mean-T1 (Nacional+Cocoa husk) (# of 
Ceratopogonidae pollinators) 245.33 b 161.33 a 406.67 b

Mean-T2 (Nacional+Pseudostem) (# of 
Ceratopogonidae pollinators) 692.67 a 176.67 a 869.33 a

Mean-T3 (Nacional+Leaf litter) 15.67 c 41.00 b 56.67 c
Mean-T4 (CCN-51+Cocoa husk) (# of 
Ceratopogonidae pollinators) 219.00 b 167.00 a 386.00 b

Mean-T5 (CCN-51+Pseudostem) (# of 
Ceratopogonidae pollinators) 664.67 a 193.67 a 858.33 a

Mean-T6 (CCN-51+Leaf litter) (# of 
Ceratopogonidae pollinators) 23.33 c 25.00 b 48.33 c

Kruskal-Wallis Test (Chi²; p value) χ² = 14.79; 
p = 0.01

χ² = 11.29; 
p = 0.046

χ² = 15.22; 
p = 0.009

CV (%) 59.94 40.64 39.67

Normality Test (Shapiro-Wilk: W; p value) W = 0.94;  p = 0.27 W = 0.98; 
p = 0.94

W = 0.94; 
p = 0.29

Homogeneity Test (Bartlett: K²; p value) K² = 18.7; 
p = 0.002

K² = 5.18;  
p = 0.4

K² = 18.7; 
p = 0.004

Note: W = Shapiro-Wilk statistic (normality of residuals); K² = Bartlett’s test statistic (homogeneity of variances); 
χ² = Kruskal-Wallis test statistic (non-parametric comparison). Different letters indicate statistically significant 
differences (p < 0.05). Raw data are provided in Annex 7 (Supplementary Material).

Figure 11. A. Population seasonality of pollinators of the Ceratopogonidae family recorded on two cocoa types 
B. Population seasonality of pollinators of the Ceratopogonidae family recorded on three substrates. Means with 

different letters present significant differences (p < 0.05).
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Table 12. Statistical analysis of monthly, seasonal, and annual total pod production (pods ha⁻¹) in two cocoa types: 
Nacional and CCN-51

Evaluation 
period

Overall Mean 
(# of total 

cocoa pods/
ha)

Mean-
Nacional (# 

of total cocoa 
pods/ha)

Mean-CCN-51 
(# of total cocoa 

pods/ha)
CV (%)

Normality Test 
(Shapiro-Wilk: 

W; p value)

Homogeneity 
Test (Bartlett: 
K²; p value)

Kruskal-Wallis 
Test (Chi²; p 

value)

July 2022 8525.07 4681.01 b 12369.13 a 137.63 W = 0.61; 
p < 0.001

K² = 83; 
p < 0.001

χ² = 21.1; 
p < 0.001

August 
2022 2288.66 1541 b 3037 a 128.46 W = 0.78; 

p < 0.001
K² = 6.83; 
p = 0.009

χ² = 11.8; 
p < 0.001

September 
2022 3444.1 2651. 59 b 4236.61 a 107.16 W = 0.9; 

p < 0.001
K² = 7.05;
 p = 0.008

χ² = 5.4; 
p = 0.02

October 
2022 3570.01 3229.31 a 3910.72 a 101.46 W = 0.9; 

p < 0.001
K² = 0.23; 
p = 0.63

χ² = 2.52; 
p = 0.113

November 
2022 2947.85 1274 b 4622 a 102.16 W = 0.93; 

p < 0.001
K² = 67.97; 
p < 0.001

χ² = 30.4; 
p < 0.001

December 
2022 2399.76 2222 a 2577.52 a 127.71 W = 0.80; 

p < 0.001
K² < 0.001; 
p = 0.989

χ² = 0.48; 
p = 0.49

January 
2023 3392.25 3466.32 a 3318.19 a 133.17 W = 0.74; 

p < 0.001
K² = 11.76; 
p < 0.001 χ²=0.2; p=0.65

February 
2023 3088.58 3140.43 a 3036.73 a 121.31 W = 0.81; 

p<0.001
K² = 0.09; 
p = 0.77

χ² = 0.25; 
p = 0.62

March 2023 2281.25 2222 a 2340.51 a 131.5 W = 0.78; 
p < 0.001

K² = 3.38; 
p = 0.07

χ² = 0.76; 
p = 0.38

April 2023 1325.79 1362.83 a 1288.76 a 152.36 W = 0.71; 
p < 0.001

K² = 2,05; 
p = 0.15

χ² = 0.08; 
p = 0.78

May 2023 725.85 948.05 a 503.65 a 197.32 W = 0.66; 
p < 0.001

K² = 9.3; 
p = 0.002

χ² = 3.56; 
p = 0.06

June 2023 66.66 29.63 a 103.69 a 585 W = 0.22; 
p < 0.001

K² = 28.7; 
p < 0.001

χ² = 1.83; 
p = 0.176

Dry season 
(2022) 23175 15598 b 30752 a 81 W = 0.81; 

p < 0.001
K² = 36.96; 
p < 0.001

χ² = 24.45; 
p < 0.001

Rainy 
season 
(2023)

11251 11762 a 10740 a 101 W = 0.86; 
p < 0.001

K² = 11.05; 
p < 0.001

χ² < 0.001; 
p = 0.99

Total 34055.85 26767.69 b 41344.01 a 66.7 W = 0.89; 
p < 0.001

K² = 4.09; 
p = 0.04

χ² = 17.43; 
p < 0.001

Note: W = Shapiro-Wilk statistic (normality of residuals); K² = Bartlett’s test statistic (homogeneity of variances); 
χ² = Kruskal-Wallis test statistic (non-parametric comparison). Different letters indicate statistically significant 
differences (p < 0.05). Raw data are provided in Annex 8 (supplementary material).

Figure 12. Fluctuation of the average monthly production ha-1 of total pods in two cocoa types. Averages with 
different letters show significant differences (p < 0.05)
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Figure 13. Fluctuation of the average monthly dry cocoa yield in kg ha-1. Averages with different letters show 
significant differences (p < 0.05).

Table 13. Monthly, seasonal and annual dry cocoa yield (kg/ha) and statistical analysis.

Month

Overall 
Mean-Dry 

cocoa yield 
(kg/ha)

Mean-
Nacional-Dry 
cocoa yield 

(kg/ha)

Mean-
CCN-51- Dry 
cocoa yield 

(kg/ha)

CV (%)
Normality Test 

(Shapiro-Wilk: W; 
p value)

Homogeneity 
Test (Bartlett: K²; 

p value)

Kruskal-Wallis 
Test (Chi²; p 

value)

July 2022 279 144 b 414 a 140 W = 0.6; 
p < 0.001

K² = 80.7 
p < 0.001

χ² = 27; 
p < 0.001

August 2022 105 62 b 149 a 123 W = 0.85; 
p < 0.001

K² = 24.13 
p < 0.001

χ² = 11.88; 
p < 0.001

September 
2022 149 122 a 178 a 115 W = 0.8; 

p < 0.001
K² = 8.17; 
p = 0.004

χ² = 3.72; 
p = 0.05

October 2022 210 182 b 240 a 114 W = 0.88; 
p < 0.001

K² = 0.9 
p = 0.34

χ² = 4.77; 
p = 0.029

November 
2022 137 57 b 217 a 104 W = 0.93; 

p < 0.001
K² = 69.01 
p < 0.001

χ² = 33.4; 
p < 0.001

December 
2022 108 95 a 121 a 118 W = 0.86; 

p < 0.001
K² = 0.16; 
p = 0.69

χ² = 1.12; 
p = 0.29

January 2023 232 222 a 242 a 91 W = 0.82; 
p < 0.001

K² = 8.82; 
p = 0.003

χ² = 2.17; 
p = 0.14

February 
2023 215 176 b 253 a 96 W = 0.89; 

p < 0.001
K² = 2.37; 
p = 0.10

χ² = 7.93; 
p = 0.0048

March 2023 145 127 a 164 a 105 W = 0.88; 
p < 0.001

K² = 0.05 
p = 0.82

χ² = 3; 
p = 0.083

April 2023 84 80 a 89 a 138 W = 0.75; 
p < 0.001

K² = 1.91; 
p = 0.17

χ² = 0.43; 
p = 0.51

May 2023 133 132 a 136 a 115 W = 0.82; 
p < 0.001

K² = 0.002; 
p = 0.96

χ² = 0.055;
 p = 0.81

June 2023 72 19 b 125 a 177 W = 0.74; 
p < 0.001

K² = 97.3; 
p < 0.001

χ² = 21.72; p < 
0.001

Mean-monthly 
total 156 119 b 194 a 63 W = 0.89; 

p < 0.001
K² = 7.13; 
p < 0.001

χ² = 24.8; 
p < 0.001

Annual Total 1867 1423 b 2326 a 63 W = 0.89; 
p < 0.001

K² = 7.13; 
p = 0.008

χ² = 24.82; p < 
0.001

Dry Season 
(2022) 987 663 b 1311 a 78 W = 0.89; 

p < 0.001
K² = 23.13 
p < 0.001

χ² = 24.68; p < 
0.001

Rainy season 
(2023) 880 751 b 1009 a 69 W = 0.88;

 p < 0.001
K² = 0.28; 

p = 0.6
χ² = 10.1; p < 

0.001

Note: W = Shapiro-Wilk statistic (normality of residuals); K² = Bartlett’s test statistic (homogeneity of variances); 
χ² = Kruskal-Wallis test statistic (non-parametric comparison). Different letters indicate statistically significant 
differences (p < 0.05). Raw data are provided in Annex 9 (supplementary material).
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CONCLUSIONS

The genus Dasyhelea of the Ceratopogonidae 
family predominated as a pollinator in the cocoa 
crop, showing a significant population fluctuation 
between the Nacional and CCN-51 cocoa types. 
The use of plantain/banana pseudostem food sub-
strate chopped in the field favoured notably the 
population increase of these pollinators, espe-
cially during the dry season. The CCN-51 clone 
showed superior performance in terms of flow-
er production per tree, which resulted in higher 
yields of cobs and dry cocoa, compared to the Na-
cional clones. The seasonality of production, es-
pecially during the dry season, underlines the im-
portance of pollination activity during the rainy 
season, influenced by various environmental fac-
tors. The results of this research highlight the rel-
evance of the ecosystem service of pollination in 
cocoa, showing how the interaction between pol-
linators, the specific characteristics of the clones 
and environmental conditions play a fundamental 
role in the productivity of this crop.
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