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Abstract. In order to minimize production losses, and limit the use of chemicals, several 

organic products have been developed. The objective of this study is to assess the effect of 
biostimulant Banzai and fertilizer on cocoa tree productivity. Conducted in the department of 
Toumodi, this study took place in one device with a cocoa field that has received fertilizer in 
the last three years (DAE) and another that has received no fertilizer in the past three years 
(DSE). The results obtained showed that the plots that had been applied to Banzai produced 
significantly more pods than the control plots without application of the biostimulant. Compared 
to controls, the production rate of pods is greater than between 38 and 70% in the 
unprecedented fertilizer plots (DSE) and between 51 and 80% in plots with previous fertilizer 
(DAE). However, the production of pods in treated plots is more than three times high in the 
DAE than in the DSE. This study shows the positive impact of biostimulant use on cocoa yield. 
In addition, it shows that the use of fertilizers during the experiment could be abandoned with 
a view to greater use of organic products at the expense of chemicals that have a detrimental 
effect on the environment and on the long-term health of populations.  
Keywords : Banzaï ; Biostimulant ; Cacao ; Productivité ; Côte d’Ivoire. 

 

1.INTRODUCTION 

Theobroma cacao L. is a tree of the Malvaceae family 

grown in many countries in the intertropical zone of 

America, Africa and Southeast Asia [1]. It is grown for 

the production of seeds used to prepare chocolate or 

cocoa butter [2]. 

Indeed, the cocoa sector plays an essential role in Côte 

d'Ivoire's economy. It is one of the main sources of 

income in the country [3-5].  Côte d'Ivoire, the world's 

largest producer, produces about 1,600,000 tons of 

cocoa annually, or nearly 40% of the world's supply 

[6-7]. 

However, many constraints lead to a considerable 

decline in Ivorian cocoa production [8]. In general, 

they can be classified in two categories of factors [8]. 

On the one hand, abiotic factors related to market price 

fluctuations and forest scarcity, and on the other hand, 

factors related to the action of diseases and pests of 

cocoa which are prevalent in all regions [8-9].  

In Côte d’Ivoire, brown pod rot due to Phytophthora 

sp.and Swollen shoot disease caused by the Cocoa 

Swollen Shoot Virus (CSSV) are the two main 

diseases of Ivorian cocoa farmers that can result in 

yield or crop losses of up to 20 to 60% [10-14]. 

In order to fill this gap caused by these diseases and 

pests, Ivorian people use chemical products and 

fertilizers to optimize the yield of their cocoa 

plantations [15]. However, the use of these chemicals 

has a negative long-term impact on soil quality, 

including the health of the population and the 

environment [15-17]. 

In response to the decline in yield due to these 

biological aggressors and the limitation of the impact 

of chemicals on the environment and population 

health, new varieties of organic products have been 

introduced [18].  

These are biostimulants define as substances or 

microorganisms whose function, when applied to 

plants or rhizosphere, is the stimulation of natural 

processes that promote and improve the absorption or 
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use of nutrients, tolerance to abiotic stresses, quality 

or performance of the crop, regardless of the presence 

of nutrients [19-21]. They also provide solutions for 

fertilization and crop protection by acting on the 

ability of biological systems to adapt to bio-aggressor 

attacks or nutrient availability problems [19-21].  

This study was conducted to determine the combined 

effect of the use of the biostimulant Banzai, the 

previous fertilizer and the fertilizer applied during the 

experiment on the production of cocoa pods. 

2.MATERIALS AND METHODS   

2.1. Study site 

This study was carried out in N'gouanmoinkro (5-00-

00" North, 6-15-00"West), a village located in the sub-

prefecture of Moronou in the department of Toumodi. 

With an area of about 2,837 km2, this department is 

located to 198 km from Abidjan, the economic capital 

and 34 km from Yamoussoukro, the political and 

administrative capital of Côte d'Ivoire [22]. Indeed, 

Toumodi is a department of high cocoa production 

which has an estimated annual cocoa production of 

nearly 9,000 tons [22].  

2.2. Materials  

The plant material was made up of Forastero-type 

cocoa trees at least 10 years old. The technical 

materials used are: the biostimulant Banzai; the 

chemical fertilizer SUPERCAO; an atomizer to apply 

the biostimulant to the cocoa trees; a decameter to 

delineate the experimental blocks; ribbons and paints 

to mark the trees. 

2.3. Méthodes  

The experimental device consists of a device with 

unprecedented no fertilizer (DSE) and another device 

with previous fertilizer (DAE). The previous non-

fertiliser field is a field of cocoa farmers that has 

received no fertilizer in the last three years, while the 

previous fertilizer is a cocoa field that has received 

fertilizer in the last three years. Our two devices 

consisted of three Fischer blocks. Each block consists 

of six (6) randomized parcels rated T01, T02, T1, T2, 

T3 and T4 (Fig.1).  Each experimental plot consists of 

twenty (20) cocoa trees. 

o T01 represents the control without 

application of Banzai but with fertilizer.  

o T02 represents the control without 

application of Banzai without fertilizer. 

o T1 is a plot that has received three 

applications of Banzai with a fertilizer input. 

o T2 is a plot that has received four applications 

of Banzai without fertilizer input. 

o T3 is a plot that has received three 

applications of Banzai without fertilizer input  

o T4 is a plot that has received four applications 

of Banzai with fertilizer input.  

 

Block 1   T01   T4   T02   T2   T1   T3 

                       

Block 2   T02   T1   T3   T01   T4   T2 

                       

Block 3   T3   T4   T01   T2   T02   T1 

 
Fig.1. Expérimental device 

2.4. Observation and data collection 

The observations were made for nine months during 

July to February. The total number of pods is first 

counted per tree. The pods produced since Banzai's 

first treatment are counted and then marked with 

strings at the stalk. The numbered pods are not 

cumulative.  

2.5. Data analysis  

The descriptive analysis consisted of the production of 

histograms showing the number of pods produced per 

parcel and by observation time. It also consisted of the 

creation of boxplots showing the distribution of the 

cumulative number of pods produced per plot on all 

observations made. The comparative analysis was 

carried out using the Kruskal-Wallis test, which is an 

alternative test of the average comparison test 

(ANOVA). This test compared the average number of 

pods produced per plot and per device (DAE vs DSE). 

Finally, a classification of treatments based on their 

effectiveness was carried out following the Kruskal-

Wallis test when it was statistically significant. The 

statistical analysis was carried out using the Excel 

spreadsheet, IBM SPSS 20.0 software and R 3.2.5 

software. 

3.RESULTS 

Figure 2 presents the pods produced per treatment and 

per month in the unprecedented device fertilizer. It 

shows a peak in pod production in the month of 

September. The month of February has the lowest 

number of pods produced. Over the entire observation 

period, the production of pods in plots treated with 

biostimulant Banzai is higher than that of untreated 

controls (T01 and T02). For the treated plots, the T4 
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treatments (four applications of Banzai with fertilizer) 

and T1 (three applications of Banzai with fertilizer) 

were the most productive.  

 

Fig.2. Dynamics of evolution of pod production by treatment 

and observation period in the unprecedented device fertilizer 

(DSE). 

Figure 3 shows boxplots of the pod production by 

treatment in the unprecedented fertilizer (DSE) device. 

It shows that the production of pods is generally higher 

in parcels with biostimulant than in plots without 

product application. The Kruskal-Wallis test used to 

compare the production averages of the pods shows 

that there is a significant difference (p<0.05) between 

treatments.  The pods produced are higher in the plots 

with Banzai treatment than in the control plots. 

 

Fig.3. Boxplots of pods production by treatment in 

unprecedented fertilizer device. 

The top-down step-by-step classification resulted in 

the grouping of treatments into two separate classes A 

and B. Class B, which includes the controls (T01 and 

T02), which represents the low-production class of 

pods. While, Class A, which includes all the treated 

parcels by biostimulant (T1, T2, T3 and T4) which 

represents the high pod production class (Table 1). 

This shows that the number of applications of the 

biostimulant (three and four applications) and the 

intake of fertilizer during the experiment did not have 

a significant impact on the yield of cocoa trees in the 

unprecedented fertilizer device.  

Table 1: Classification of treatments based on average pod 

production in the DSE device 

Treatments Average pods Classification 

T4 19,4 A 

T1 19,0 A 

T3 17,7 A 

T2 15,7 A 

T02 12,9 B 

T01 11,4 B 

 

Figure 4 shows the dynamics of pod production 

during the observation period in the device with 

previous fertilizer (DAE). The peaks in pod 

production were recorded in the month of September 

as in the unprecedented fertilizer device (DSE). 

Overall, the plots treated with biostimulant Banzai 

produced a greater number of pods than the control 

plots without application of the product. This result is 

identical to that obtained at the unprecedented 

fertilizer site (DSE). It therefore implies that the 

previous fertilizer (with or without fertilizer 

application for the three previous years) does not 

influence the contribution of the biostimulant Banzai 

which always remains positive on yield. 

 

Fig.4. Dynamics of evolution of the number of pods 

produced per treatment and per month of observation in the 

device with previous fertilizer. 

Figure 5 shows boxplots of the number of pods 

produced by treatment on all observations in the 
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device with previous fertilizer (DAE). The Kruskal-

Wallis test used to compare production averages 

showed a significant difference (p<0.05) between 

treatments. Plots treated with biostimulant Banzai 

produced more pods than control plots without product 

application. 

 

 
Fig.5. Boxplots of pods production by treatment in the DAE 

device 

The prioritization of the parcels based on their performance 

allowed treatments to be grouped into two distinct classes A 

and B. The controls (T01 and T02) with the lowest 

production averages were exclusively in the class B. Class 

A, consisting of all treated plots, had the highest averages of 

pod production in this device with previous fertilizer (Table 

2). This also shows that the number of applications of the 

biostimulant (three and four applications) and fertilizer 

during the experiment did not have a significant impact on 

the yield of the cocoa trees in this device. 

Table 2: Classification of treatments based on average pod 

production in the DAE device 

Treatments Average of 

pods 

Classification 

T1 65,95 A 

T2 61,05 A 

T4 55,62 A 

T3 55,38 A 

T02 37,52 B 

T01 36,60 B 

Figure 6 shows boxplots of pods production by 

device. The Kruskal-Wallis test used to compare the 

production averages of pods shows a significant 

difference (p<0.05) between the devices. The averages 

of pods produced are more than three times higher on 

the plots of the device with previous fertilizer (DAE) 

than on the plots of the unprecedented fertilizer device 

(DSE). 

 
Fig.6. Boxplots of pods production by device. 

4.DISCUSSION 

The dynamics of evolution in the number of pods 

produced by treatment and observation period showed 

that the peak of production occurred during the month 

of September for both the unprecedented fertilizer 

device and the device with previous fertilizer. This can 

be explained by the rainy season of April-May-June. It 

favored the production of cherelles in the months of 

July and August and whose maturation in pods in 

optimal conditions allowed to have this peak 

production in the month of September [23].  

The production of pods by treatment and whatever 

device with or without unprecedented fertilizer 

showed a significant difference between the plots 

treated with biostimulant Banzai and the control plots. 

Indeed, the plots that received the application of 

biostimulant Banzai have significantly produced more 

pods than the control plots that are without application 

of the biostimulant. This is consistent with the results 

of Faessel, which states that biostimulants increase the 

number of fruits by limiting the fall of immature or 

cherelle flowers and pods [19]. These results are also 

in line with those presented by Oro and his 

collaborators, on the effectiveness of the Banzai 

biostimulant in the production of pods in the context 

of Swollen shoot disease and in a context of brown rot 

of pods [12-14]. 

In addition, biostimulant promotes flowering, limits 

flower falls while stimulating the vigor of cocoa and 

its fruits against external diseases and stresses [19-20; 

24-25]. Biostimulants contain algae extracts that affect 

the plant's natural physiological processes by 

promoting flowering and ripening of fruit [26-27]. 

The plots of the previous fertilizer device (DAE) have 

significantly higher pod production than 

p < 0.05 

p < 0.05 
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unprecedented fertilizer plots (DSE). This result is in 

line with that presented by Effendy and his 

collaborators who have shown that the use of fertilizer 

in rural Indonesian cocoa farmers has a positive 

impact on cocoa yields and therefore farmers’incomes 

[28]. The supply of fertilizer to the DAE site in the 

three years prior to the experiment allowed the 

accumulation of fertilizer used in the soil, thus leading 

to an improvement in the productivity of cocoa trees. 

These results are consistent with those of Goulet and 

his collaborators who show that the accumulation of 

fertilizer in the soil improves the yield of cocoa 

plantations [29]. This may explain why the 

SUPERCAO chemical fertilizer used in this 

experiment has not been sufficiently accumulated in 

the soil to trigger a positive and significant effect on 

the yield of cocoa trees. This is how Ziteng Wang and 

his collaborators (2020) have shown that a 50% 

combination of organic fertilizers with 50% chemical 

fertilizers improves the quality and yield of tea in their 

study on optimizing the reduction of the use of 

chemical fertilizers based on an assessment of the 

associated environmental and economic benefits. 

5.CONCLUSION  

At the end of this study, it appears that the application 

of biostimulant Banzai improved the yield of cocoa 

trees. This biostimulant causes a significant increase 

in pod production of an average of 60% in treated plots 

compared to control plots without biostimulant 

application. With regard to the effect of the previous 

fertilizer, it should be noted that plots with preceding 

fertilizers are three times more capitalizing on the 

effect of biostimulant by the enhanced and 

accumulated fertilization of soils resulting in a 

significant improvement in the production of cocoa 

pods. However, the use of fertilizers during the 

experiment had few effect and could be abandoned for 

using biostimulants and especially in the decline in the 

use of chemicals which has a detrimental effect on the 

environment and on the health of populations in long 

term. 
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