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Abstract 
Cashew tree has gradually moved from a purely ecological aspect to a so-
cio-economic one, due to the marketing of its nuts. But production per area, 
estimated at between 424 and 547 kg/ha, remains low, in contrast to India (2nd 
largest producer) and Vietnam (3rd largest producer), whose yields range 
from 1000 to 1500 and 2000 to 2500 kg/ha respectively. This low yield is due 
to a number of factors, among which insect pests are the most damaging. 
Among these insects, termites are considered to be one of the main pests of 
cashew trees. The general objective of this study is to contribute to termite 
management through the use of bioinsecticides, an alternative to the use of 
chemicals in cashew orchards. Five (5) biological products were tested: Limo-
cide, Carapa oil, Neem oil, Kitana and Kaskara. Among them, two products 
proved effective, with a mortality rate of over 50%. These were Limocide, whose 
LC50 was obtained in 24 h at a dose of 3.6 g/ml and 3.1 g/ml , giving a mortality 
rate of 57.66% ± 4.04% and 51.33 ± 2.08 respectively , and Carapa, at a dose of 
4.5 g/ml, with an estimated mortality rate of 52.33% ± 1.52%. Such results have 
demonstrated the potential application of Limocide and Carapa biopesticides to 
sustainably control termites in cashew orchards of Côte d’Ivoire. 
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1. Introduction 

Cashew (Anacardium occidentale L.) originated in Brazil [1]. It is grown in over 
thirty-two (32) countries where agro-ecological conditions are favorable, partic-
ularly in America, Asia and Africa [2] [3]. The crop was introduced to Côte 
d’Ivoire in the early 1950s to combat deforestation and soil erosion [4]. Since 
then, the importance of the cashew tree has gradually moved from a purely eco-
logical role to a majorly socio-economic one due to the marketing of its nuts in 
Côte d’Ivoire. It is against this background that since 2015, Côte d’Ivoire is the 
world’s leading producer and exporter of raw cashew nuts, with annual national 
production estimated at 1,028,172 tonnes in 2022 [5] [6]. Despite the quantita-
tive importance of Ivorian production, cashew nut yields from Ivorian orchards 
are relatively low, ranging from 424 to 547 kg/ha. In contrast, yields in India (2nd 
largest producer) and Vietnam (3rd largest producer) range from 1000 to 1500 
and 2000 to 2500 kg/ha respectively [7]. This low cashew nut yield per hectare in 
Côte d’Ivoire is thought to be due to several factors, of which insect pests are the 
most damaging. Among these insects, termites are considered one of the main 
pests of cashew trees, with an attack rate of up to 44% in the absence of appro-
priate control methods [8]. The most serious damage caused by termites can lead 
to the decline and death of cashew trees [8]. To deal with the problem, growers 
mainly resort to chemical control. Abusive and uncontrolled use of these chemi-
cals is detrimental to the environment and human health, through 1) accumula-
tion of residues, soil and water pollution, 2) dangers to human health, or 3) de-
struction of biological communities (ecological imbalance) due mainly to the 
broad spectrum of action of synthetic compounds [9] [10]. These disadvantages of 
chemical control have led to the search for an ecological and sustainable control 
method, and therefore a biological control method aimed at reducing their use. 
However, recent research has focused on plants with insecticidal effects for crop 
protection. Several control trials using biopesticides have produced good results on 
numerous insect pests [11] [12]. For example, the biological efficacy of neem oil 
extract as an alternative to pyrethroids for the control of cotton pests has been 
demonstrated in Senegal [13]. The insecticidal properties of carapa oil have given 
good results against Anopheles gambiae and Drosophila sp in Burkina Faso [14]. 
The insecticidal and even antifungal effect of limocid oil was demonstrated by [15] 
in the Makouda region of Algeria. The choice to use neem, carapa, limocide, 
kaskara and kitana essential oils is based on the fact that studies have demonstrat-
ed their insecticidal properties in the fight against certain crop pests. However, 
there have been no studies of these five (5) products in termite control. Aside from 
these promising results in pest control, some authors have pointed out that bio-
pesticides may show less stable efficacy beyond a given period. This is the case 
with Spinosad, a commercial biopesticide whose efficacy is less stable after 6 
months [16]. The general aim of this study was to contribute to the sustainable 
management of termites through the use of biological products with an insecti-
cidal effect, as an alternative to the use of chemical products in cashew orchards. 
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2. Material and Methods 
2.1. Study Site 

The study was carried out in Badikaha, located in north-central Côte d’Ivoire. Ba-
dikaha is a sub-prefecture belonging to the Department of Niakaramadougou, in 
the Hambol region. It lies between 9˚12'0"N latitude and 5˚10'00"W longitude. The 
climate is tropical Sudano-Guinean, with two main rainly seasons notably from 
May to October and a dry season from November to April with an annual rainfall 
of 800 mm. The vegetation of this region belongs to the southern part of the Su-
danese domain characterized by sub-humid tropical climate and open forest [17]. 

2.2. Plant Materials 

The plant materials used for this study consisted of cashew trees ranging in age 
from 29 to 37 years. These cashew trees consisted of all-nut trees. The targeted 
orchards did not undergo any phytosanitary treatments by the growers during 
the experimental period. 

2.3. Animal Material 

The animal material consists of termite species collected in cashew orchards. 

2.4. Technical Equipment 

The technical equipment consisted of collection trowels for excavating the litter, 
trays and entomological forceps for sorting the clods, and a hoe for the mono-
liths. Conservation and identification equipment consisted of pillboxes for termite 
conservation and a binocular magnifying glass (Motic SMZ-161) for termite spe-
cies identification. The treatment materials consisted of four biological products: 
1) Neem essential oil, 2) Carapa essential oil, 3) Limocide bio-insecticide, Kaskara 
bio-insecticide, 4) Kitana bio-insecticide. The reference product was a chemical 
called Sauveur 62 EC (Table 1). 

2.5. Methodology 

Experimental set-up 
The experiment was carried out in the laboratory. A Fisher block with three  

 
Table 1. Concentrations and active ingredients of products used. 

Product trade name Active ingredients Concentrations 

Neem oil Azadirachtin 1 liter/ha 

Carapa oil Triterpene 1 liter/ha 

Limocide Sweet orange essences 1.5 liter/ha 

Kaskara Bacillus thuringiensis var kurtassi 1 kg/ha 

Kitana, Karanjin 1 liter/ha 

Sauveur 62 EC Acetamiprid 32 g/l + Lambdacyhalothrin 30 g/l 1 liter/ha 
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(3) replicates and six (6) treatments of Neem oil, Carapa oil, Limocide, Kitana, 
Kaskara and Sauveur 62 EC insecticide was set up. For each treatment, three dif-
ferent concentrations were formulated. The different concentrations prepared 
were each applied to a batch of 100 termites with 3 replicates, i.e. 300 termites 
treated per concentration. Live and dead termites were counted 24 h, 48 h and 
72 h after treatment, and mortality rates were determined. 

Termite sampling 
Termite sampling was carried out using the standardized method recom-

mended for harvesting termites in forests [18] [19]. It consists of delimiting 20 
sections of 10 m2 (5 m × 2 m) along a transect 100 m long and 2 m wide in ca-
shew orchards at Badikaha. Each section is sampled as follows: 1) the litter and 
biogenic structures on the ground and above ground, up to 1.5 m high, are 
searched for termites; 2) twelve soil monoliths measuring 12 cm × 12 cm square 
and 10 cm thick are extracted per section and searched for termites; 3) the col-
lected termites are taken alive to the laboratory for biopesticide efficacy testing. 

Determining the amount of water required 
Hand sprayer calibration 
The 1-liter hand-held sprayer was calibrated to determine the volume of water 

required. A blank test was then carried out with water on the termites to deter-
mine the amount of spray required to treat the termites. 

Determination of product concentrations 
The different concentrations of the six (6) products used in the laboratory 

against termites were determined taking into account the recommended doses of 
the products. Thus, three concentrations per product were determined in order 
to find the Lethal concentrations. 

Determination of lethal concentrations 
The lethal concentration 50 or LC50 is the concentration that causes 50% of 

termites to die within 24 hours. It was determined for test products with mortal-
ity rates greater than or equal to 50% by the Finney method [20]. 

For each treatment, three different concentrations were formulated. The dif-
ferent concentrations prepared were each applied to a batch of 100 termites with 
3 replicates, i.e. 300 termites treated per concentration. Live and dead termites  

 
Table 2. Different doses of products used in the laboratory against termites. 

Products 
Concentrations (g/ml) 

Concentration 1 Concentration 2 Concentration 3 

Limocide 2.6 3.1 3.6 

Carapa oil 3.5 4 4.5 

Kitana 2.8 3.3 4.5 

Neem oil 3.5 4 4.5 

Kaskara 1 3 4.5 

Sauveur 1.2 
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were counted 24 h, 48 h and 72 h after treatment, and the mortality rate deter-
mined. 

For each concentration, the mortality rate (M) was calculated according to the 
formula below: 

Number of died individuals
Total number of individuals

100M = ×                (1) 

The mortality rates obtained were then corrected using [21] formula. 

100
100o t

c
t

M M
M

M
−

= ×
−

                      (2) 

cM : Corrected mortality; oM : Mortality rate recorded in the trial; tM : Mor-
tality rate recorded in the control. 

2.6. Statistical Analysis 

The data collected were processed using Microsoft Office Excel version 2010 and 
analyzed using the ade4 package of R studio software version 4.1.1. Prior to sta-
tistical analysis, the Shapiro and Wilk test was used to verify normality between 
variables. Thus, when a significant difference was observed at the 5% threshold, 
the Newman-Keuls test was used to classify and compare the attack rate and 
mortality rate. The results of the dose-response test were then subjected to probit 
analysis according to the method of [20], using XLSTAT version 2015 software 
to calculate the LC50. 

3. Results and Discussion 
3.1. Relative Abundance of Species 

Figure 1 shows the relative abundance of species in cashew tree orchards. In to-
tal, two trophic groups of termites were identified in the cashew orchards. These 
were the mushroom group, comprising three species (Pseudacanthotermes mili-
taris, Odontotermes sp and Ancistrotermes guineensis) and the forage group, 
comprising a single species (Trinervitermes geminatus). Pseucanthotermes mili-
taris was the most abundant species (35%). It was followed by Trinervitermes 
geminatus (30%), Odontotermes sp (19%) and Ancistrotermes guineensis (16%).  

 

 
Figure 1. Relative abundance of termites in cashew orchards. 
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However, the proportion test showed an uneven distribution of species in the 
environments (p = 0.0048). 

3.2. Product Efficacy after Application 

Principal component analysis (PCA) (Figure 2) shows that the first two axes (F1 
and F2) explain 98.92% of the variability in the data (Figure 2(a)). The correla-
tion circle (Figure 2(b)) and the study of variable contributions to the formation 
of the two axes show that the F1 and F2 axes oppose two (2) groups of products 
(Figure 2(c)). The first group on the positive side of the F1 axis, made up of 
Témoin, Neem, Kitana and Kaskara, contrasts with the second group on the 
negative side of the F1 axis, which includes Carapa, Limocide and Sauveur. 
Mortality rates of the reference product Sauveur and the bioinsecticides Limo-
cide and Carapa at 24 h, 48 h and 72 h were higher than those of the other bio-
insecticides Neem, Kaskara and Kitana. The ascending hierarchical classification 
of products (Figure 3) based on termite mortality rates indicates three (3) prod-
uct groups. Groups II and III are made up of products which are effective against 
termites. This group includes the reference product Sauveur, Carapa and Limo-
cide. Group I is made up of products that are less effective against termites. 
These include Neem oil, Kaskara and Kitana. 

3.3. Product Efficacy 

Statistical analyses (Table 2 and Table 3) show that mortality rates varied sig-
nificantly according to treatment concentration and duration (Anova 1, p < 
0.05). Indeed, the reference insecticide, Acetamiprid 32 g/l + Lambdacyhalothrin 
30 g/l, at a dose of 1.2 g/ml recorded mortality rates of 56% of termites in 24 h, 
and mortality rates of 100% of termites in 48 h and 72h. As for bio-insecticides, 
Limocide, at doses of 3.1 g/ml and 3.6 g/ml, caused the death of over 50% of 
termites in 24 h and over 60% in 48 h and 72 h. This was followed by Carapa, at 
a dose of 4.5 g/ml, which caused the death of over 50% of termites in 24 h, and 
over 60% in 48 h and 72 h. For Kitana, Neem and Kaskara, termite mortality 
rates were below 50% at all concentrations. 

4. Discussion 

In total, two trophic groups of termites were identified in cashew orchards. 
These were the mushroom group, comprising three species (Pseudacantho-
termes militaris, Odontotermes sp and Ancistrotermes guineensis) and the fo-
rager group, comprising a single species (Trinervitermes geminatus). Species 
belonging to the mushroom group were strongly represented in cashew orc-
hards. Most of these species had already been identified in cashew orchards in 
northern Côte d’Ivoire [19]. The high abundance of mushroom termites com-
pared to foragers is due to the fact that tree branches are left on the ground for a 
long time after pruning. These branches, left on the ground for long periods of 
time, would be breeding grounds for termites, particularly mushroom termites. 
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Our results are similar to those of [19] [22], which showed that mushroom ter-
mites are most abundant in cashew orchards. According to [19], these termites 

 

 
Figure 2. Principal component analysis showing product efficacy as a function of time. (a) Contribution of variables, (b) Correla-
tion circle and (c) Factor maps. 
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Figure 3. Similarity dendrogram showing product efficacy as a function of time. 

 
Table 3. Comparison of product efficacy as a function of time. 

Products 
Concentrations  

(g/ml) 
Mortality rate (%) (Mean ± S.E.). 

24 hours 48 hours 72 hours 

Limocide 2.6 40.33 ± 3.05ab 52.66 ± 4.04ab 67.66 ± 4.04ab 

 3.1 51.33 ± 2.08a 61.66 ± 4.04ab 68.33 ± 3.51ab 

 3.6 57.66 ± 4.04a 74.05 ± 3.05a 100 ± 0a 

Carapa 3.5 30.66 ± 1.52b 37.33 ± 1.52b 45.66 ± 3.21b 

 4 44,33 ± 2.51ab 57.66 ± 4.04ab 67.33 ± 4.04ab 

 4.5 52.33 ± 1.52a 63.33 ± 2.51ab 76.66 ± 4.04a 

Kitana 2.8 21 ± 4.35b 28.66 ± 2.5b 35.66 ± 1.52bc 

 3.3 25.33 ± 3.51b 31.33 ± 2.08b 40.66 ± 2.51b 

 4.5 34.33 ± 3.51b 41.33 ± 2.08b 46 ± 2b 

Neem 3.5 12.66 ± 2.08bc 15.66 ± 1.52c 20.33 ± 3.05c 

 4 20.33 ± 2.08c 26.66 ± 4.04b 31.66 ± 3.21bc 

 4.5 22.33 ± 1.52c 31.33 ± 4.04b 35.33 ± 2.08bc 

Kaskara 1 8.66 ± 0.57c 11.66 ± 1.15c 23.66 ± 1.52c 

 3 14.33 ± 2.08bc 19.33 ± 1.52bc 25.66 ± 2.51c 

 5 21.66 ± 2.5b 26.33 ± 2.08b 33.66 ± 2.08bc 

Sauveur 1.2 56.66 ± 2.21a 100 ± 0a 100 ± 0a 

Control  0 ± 0c 8.33 ± 2.23c 15 ± 1.52c 

F  10.82 7.81 11.88 

p  0.008 0.003 0.006 

Means followed by the same letters are not significantly different (Newman-Keuls test, p 
< 0.05); P: Approximate test probability; F: Fischer constancy; S.E.: Standard error. 
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live in symbiosis with superior fungi that facilitate food degradation. These fungi 
degrade wood fragments, making them easy for the termites to digest. Further-
more, the low abundance of foraging termites may be due to the presence of a 
few forage plants in cashew orchards. According to [23], forage termites build 
up large reserves of grass culms. In view of the widespread damage caused by 
termites in cashew orchards, methods of reducing the rate of attack to a reason-
able ecological level have been tested. Among these, biological control, which 
poses less of a threat to man and his environment, was evaluated in the present 
study. The results showed that after treatment, the reference insecticide Sauveur 
62 EC and biopesticides such as Limocide and Carapa oil significantly reduced 
the termite population. The efficacy of Sauveur 62 EC at 1.2 g/ml resulted in 
mortality rates of over 55%. This efficacy was due to the presence of two active 
molecules belonging to the Pyrethroid and Neonicotinoid families. Recent work 
in Côte d’Ivoire has shown that chemical treatments by ground spraying and 
seed treatment have significantly reduced termite attacks on rice and maize [8] 
[22]. The biopesticides recorded mortality rates in excess of 50% at doses of 3.6 
g/ml and 3.1 g/ml of Limocide and 4.5 g/ml of Carapa, over 24 hours. These re-
sults show that the different doses used were more effective than the dose of the 
reference insecticide against termite pests. The insecticidal properties of essential 
oils in the fight against insect attacks of various kinds have already been reported 
by several authors, both in Côte d’Ivoire and elsewhere [16] [20]. According to 
[24], Calotropis procera extracts reduced termite attacks in mango nurseries in 
northern Côte d’Ivoire than did aqueous extracts of Terminalia mantaly and 
Strychnos spinosa, which showed no effectiveness against termites. In addition, 
studies conducted by [24] on effectiveness of botanical biopesticides with differ-
ent concentrations of termite mortality showed that papaya leaves at a dose of 
1500 grams caused the fastest mortality rate of termites than soursop leaf and 
lemongrass leaf. Neem oil, Kitana and Kaskara induced mortality rates of less 
than 50%. These results could be explained by the fact that the various biopesti-
cides used were ineffective against termites or that the various doses used have 
not proved effective against termites. Indeed, Kitana, Kaskara and Neem oil are 
said to have insecticidal properties that do not affect termites, but rather other 
insects. These results are similar to those of [19], who showed that neem oil at 
doses of 50 g/l and 70 g/l was effective against armyworm larvae. Also, work car-
ried out by [25], showed that neem oil at a dose of 1.6 kg extract per hectare gave 
satisfactory results in termite control in oil palm cultivation. 

5. Conclusions 

This study revealed that two trophic groups of termites are predominant in ca-
shew orchards of Côte d’Ivoire. These were the mushroom group, comprising 
three species (Pseudacanthotermes militaris, Odontotermes sp and Ancistro-
termes guineensis) and the forager group, comprising a single species (Trinervi-
termes geminatus). Species belonging to the mushroom group are the most do-
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minant among the two groups identified in cashew orchards. The study evaluat-
ing the efficacy of essential oil extracts in a controlled environment for termite 
control in cashew orchards showed that biological control can be an alternative 
to chemical control for protecting cashew orchards against termites. 

Of the five biological insecticides evaluated, Limocide and Carapa oil proved 
effective at doses of 3.6 g/ml and 4.5 g/ml respectively in controlling termites, 
with mortality rates (LC 50) of over 50% in 24 h. The biopesticides Kitana, Kaska-
ra and neem oil were less effective. The results obtained through mortality rates 
and lethal concentrations show that Limocide and Carapa could be used against 
termites in cashew orchards in Côte d’Ivoire instead of chemical products. 

The application of limocide and carapa to control termites in cashew orchards 
would be a promising alternative to chemical insecticides, which are a threat to 
the environment and people’s health, and would also play an important role in 
integrated pest management to control termites in cashew orchards in Côte 
d’Ivoire. Further studies are needed to determine the persistence levels and cost 
effectiveness of adopting these essential oil extracts in management of termites 
in cashew nut. 
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