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	 This study aims to transition the prevailing extensive cashew nut cultivation model 
into a more sustainable farming approach that enhances tree productivity. To achieve this, 
insect pest populations were surveyed across three orchard age categories: young orchards (0-5 
years), intermediate orchards (5-10 years) and mature orchards (over 10 years), each covering 
an area of 1 hectare. For each age group, 5 orchards were selected, and in each orchard, an 
arrangement of 10 consecutive cashew trees chosen at random in the direction of the north-east 
diagonal was set up. Parasitic pressure parameters were then assessed and determined. A total 
of 70 insect pests divided into six orders were collected in all the orchards sampled. On average, 
43.33% of the cashew seedlings analyses fell victim to insect attack, a proportion that proved 
higher in orchards aged 0-5 years, where 70% of trees were affected. These young orchards also 
showed the greatest abundance (32 individuals) and diversity (15 species) of pests. Overall, 
organ vulnerability was characterized by attack rates reaching 100% for trunks, 54.11% for 
branches and 8.7% for buds. In addition, a significant variation in parasite pressure was noted 
according to the different types of orchards sampled. However, orchards more than 10 years old 
showed significantly better agronomic performance (fruiting and production rates) than younger 
orchards (0-5 years and 5-10 years). Young orchards require adequate technical support, the 
lack of which often results in the neglect of pruning and coppicing operations on young plants, 
leading in particular to a significant accumulation of deadwood. Careful application of these 
compensatory measures will help increase both the volume and quality of floral resources, as 
well as increasing the presence of beneficial insects, thereby optimizing the agronomic yields 
of the various orchards.
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	 The cashew tree (Anacardium occidentale 
L.) was introduced in northern Côte d’Ivoire in the 
early 1960s due to its rapid growth and hardiness, 
making it effective in combating deforestation, 
soil erosion, and bushfires1,2. Initially considered 

a means of improving ecosystems, the cashew tree 
gradually gained significant economic importance 
through the commercialization of its fruit, the 
cashew nut3,2.
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	 Over the past decade, cashew nut 
production in Côte d’Ivoire has experienced 
substantial growth, driven by several factors: 
favorable international market prices, the expansion 
of cultivated areas, and reforms initiated by the 
government from 2001 to structure the cashew 
sector². As a result, Côte d’Ivoire has become 
the world’s leading producer and exporter of raw 
cashew nuts, accounting for nearly 25% of global 
production and about 50% of global supply4. In 
2016, the sector’s economic contribution was 
estimated at approximately USD 700 million, 
ranking cashew nuts as the country’s third-largest 
export product, after cocoa and petroleum products. 
Producer revenues reached USD 500 million4. 
Thanks to this potential, cashew cultivation has 
become a major source of income in producing 
areas (North, East, and Center), as well as a 
powerful driver of job creation and improved living 
conditions5.
	 However, this economically important crop 
is threatened by numerous challenges, particularly 
phytosanitary issues, which significantly hinder its 
yield and sustainability. Indeed, the development 
of the sector has largely occurred independently, 
without sufficient support from the government or 
assistance from research and agricultural extension 
services6,7. This has led to the use of unimproved 
seeds, the persistence of traditional farming 
techniques, the application of pesticides whose 
environmental impacts remain poorly assessed, 
and, above all, the ongoing prevalence of major 
phytosanitary problems particularly insect pest 
infestations8,9. These pests are estimated to cause 
production losses ranging from 60% to 80% in 
the absence of effective control measures10. It 
is therefore essential to better assess the health 
status of cashew orchards in order to propose 
more effective and sustainable pest management 
methods, especially to prevent the development of 
resistance in pest populations.
	 To sustain its position as the leading global 
producer and exporter of cashew nuts, Côte d’Ivoire 
faces a number of challenges, in particular the need 
to increase production by adopting sustainable 
agronomic methods that reduce land pressure. 
This study objective to evaluate the impact of 
insect pests on the agronomic performance of 
cashew seedlings. The overall aim is to transform 
the currently extensive cashew production 

model towards sustainable cashew cultivation by 
increasing tree productivity. Specifically, the aim is 
to: (i) analyze insect pest populations, (ii) diagnose 
the health status of orchards and (iii) establish a 
correlation between insect pest populations and 
the agronomic performance of cashew seedlings.

MATERIALS AND METHODS

Study site
	 This research was conducted in the 
Marahoué region of West-Central Côte d’Ivoire, 
recognized as one of the country’s key cashew-
producing areas. Situated approximately 60 km 
from Yamoussoukro, the political capital, and 310 
km from Abidjan, the economic capital, this region 
lies at the transition between forest and savannah 
ecosystems. Annual cashew nut production in the 
area is estimated between 10000 and 20000 tons.
	 Furthermore, the village of Attossé 
(Fig. 1) was chosen as the host site for the study 
because it represents one of the areas in the region 
with a large area under cashew cultivation but 
characterized by low productivity per tree.
Choice of plots and sampling device
	 This study is based on the selection of 
three types of cashew orchards classified by age 
groups: young (0-5 years), intermediate (5-10 
years), and mature (over 10 years), each with 
an area of one hectare. For each age group, five 
orchards were selected, for a total of 15 orchards. 
In each orchard, ten cashew trees were randomly 
selected to serve as observation units.
	 The random selection of trees was carried 
out using a diagonal transect method oriented 
from the northeast to the southwest of the orchard. 
A random number generator (using the RAND 
function in Microsoft Excel) was used to determine 
the starting point along the transect. From this 
initial point, trees were selected consecutively 
without skipping, following the alignment of the 
transect until ten trees were reached. This approach 
helps minimize selection bias while ensuring 
spatial representativeness of the sampled trees 
within each orchard (Fig. 2).
Capture of insect pests
	 Insect pests, distinguished by their 
tendency to remain stationary while feeding on 
cashew trees9, were collected using entomological 
forceps. Specimens were preserved in labeled vials 
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70% ethanol for further analysis. The technique 
consisted in carefully inspecting trunks, branches, 
leaves, inflorescences, flowers and fruit to 
capture pests. Each tree produced 4 samples per 
sampling hour, and 12 samples per day. The bottles 
containing the insects were taken to the laboratory 
for enumeration and identification at the taxonomic 
levels of order and family. The recognition key 
of10, the collection identification key of11 and 
the dichotomous identification key were used to 
recognize the taxonomic units, order and family, 
into which the collected insects were classified.
Assessing pest pressure
	 The technique consisted of carefully 
inspect ing the t runk,  branches,  leaves, 
inflorescences, flowers, and fruits to detect areas 
of insect-related infections12,9. Thus, data on pest 
incidence (presence and/or absence) were obtained 
by counting the damaged areas (holes with fresh 
sap oozing, points and/or zones of tunneling, 
desiccation of vegetative and floral buds, scraped 
leaves, and scraped and/or punctured fruits). 
Based on the architecture of the cashew trees, the 
categories of vulnerable organs (trunk, branch, 
bud, and fruits) for each tree were identified13 
and counted within each sampling unit. Next, 
the severity (S) of infestations was assessed 
according to previously established methods by 
characterizing the infected areas on each tree using 
a grading system9. Grade “zero” or S0 indicated 
attacks or infection zones that were healed or 
completely dry, showing no active pest activity 
on the host organs. Grade “one” or S1 referred 
to attacks or infections without harmful effects, 
such as sap oozing, completely cut branches, and 
desiccated buds and fruits. Grade “two” or S2 
indicated attacks or infections with harmful effects, 
including sap flow, completely severed branches, 
and drying of buds and fruits.
Determination of parasitic pressure parameters
Proportion of cashew trees attacked
	 The proportion of cashew trees attacked 
by insects (Pa) was determined using the following 
formula12:
Pa = (Nm/N) x 100
	 Where Nm: number of cashew trees 
attacked by insects; N: number of trees in the 
device.

	 These proportions are classified as: Very 
low (0% < Pa ≤ 25%), Low (25% < Pa < 50%), 
High (50% < Pa ≤ 75%) and Very High (75% < Pa 
≤ 100%) according to 14.  
Organ vulnerability
	 Organ vulnerability (Vo) represents the 
proportion of each organ category under attack. It 
is determined using the following formula12:

Vo = (SOi/Nm) x 100

	 Where SOi: sum of organs attacked 
by category (trunk, branch, bud and fruit); Nm: 
number of cashew trees attacked by insects.
	 According to14, the proportions are 
classified into the following categories: Very Low 
(0% < Vo ≤ 25%), Low (25% < Vo ≤ 50%), High 
(50% < Vo ≤ 75%) and Very High (75% < Vo ≤ 
100%).
Severity indices
	 The severity index (Is) represents the 
proportion of cashew trees suffering severe attacks 
(negatively affecting yields). It is determined using 
the following formula12:

Is = (SNi.Si/Na) x 100

	 Where Ni: number of trees attacked by 
grade; Si: grade types; Na: total number of pest 
attacks.
	 Not hazardous (Is < 15%), Very Weak 
(15% < Is < 25 ), Weak (25% < Is < 50%), Strong 
(50% < Is < 75%) and Very Strong (75% < Is < 
100%) are classifications given by14.
Data analysis
	 The observed species richness (Sobs) 
was obtained by counting insect species after 
identification. The software EstimateS version 
9.1.0 was used to calculate estimated species 
richness (Chao 2), Simpson’s diversity index, 
and its evenness. These indices were chosen 
because they provide complementary information: 
Chao 2 estimates undetected species to address 
sampling limitations, Simpson’s index measures 
dominance and diversity, while evenness reflects 
the uniformity of species distribution. To explore 
relationships between the studied parameters 
(insect activity, pest pressure, and agronomic 
performance), Pearson correlation analysis was 
performed using PAST software version 3.0.9, 
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with a significance threshold of 0.05. Prior to 
this, Levene’s test was applied to assess the 
homogeneity of variances, which is crucial for 
determining whether parametric or non-parametric 
tests are appropriate. In cases where data followed 
a normal distribution, Tukey’s pairwise test or 
one-way repeated-measures ANOVA was used for 
multiple comparisons. If the distribution was non-
normal, non-parametric tests such as the Kruskal-
Wallis test or the Mann-Whitney U test were 
applied. Additionally, all parameters measured in 
the orchards were compared to those of reference 
cashew trees selected according to15, which are 
recognized as high-yielding individuals.

RESULTS

Insect pest population
	 In all the orchards sampled, 70 insect pests 
in 6 orders (Hemiptera, Coleoptera, Orthoptera, 
Lepidoptera, Odonata and Diptera) were collected. 
Diptera (15±4.06 individuals) and Orthoptera 
(15±3.23 individuals) showed the highest 
abundances, followed by Coleoptera (13±4.02 

individuals), Lepidoptera (12±1.97 individuals), 
Hemiptera (11±2.00 individuals) and Odonata 
(4±0.03 individuals) (Table 1). For the distribution 
of these pests according to the different types of 
orchards, the highest abundances were observed 
in orchards of 0-5 years (32±6.41 individuals) 
followed by orchards of 5-10 years and over 10, 
which presented 21±4.85 and 17±1.28 individuals 
respectively (Mann Whitney U test, p < 0.05). The 
same is true for specific diversity, with 15 species 
for orchards aged 0-5 years, followed by orchards 
aged 5-10 years and over 10 years, which showed 
7 and 5 pest species respectively (Mann Whitney U 
test, p < 0.05). However, a total of 15 pest species 
were collected during this study (Table 1).
Orchard health
Attack rate
	 In all, 43.33% of the cashew plants 
sampled had been attacked by insects. Attacks were 
highest in orchards aged 0-5 years (70±5.24%), 
followed by those aged 5-10 years (40±2.45%) and 
those aged 10 years and over (20±1.87%). Thus, 
the scale of attack assessment was characterized 
by a high rating in orchards 0-5 years, a medium 

Fig. 1. Study site
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Fig. 2. Sampling device

rating in orchards 5-10 years and a low rating in 
orchards over 10 years (Table 2).
Organ vulnerability
	 In the orchards sampled, 100±0.50% of 
trunks, 54.11±0.35% of branches and buds and 
8.7±0.03% of fruit were affected. According to 
the scale of attack, trunks were very vulnerable 
to insect pests, followed by branches and buds, 
which were vulnerable, and fruits, which were 
not very vulnerable. The distribution of attacks 
according to the types of orchards sampled 
showed that they were most significant in 0-5 
years orchards (100±0.50% trunks, branches and 
buds, 17.6±0.06% fruit), followed by orchards 5-10 
years (100±0.50% trunks, 62.35±0.23% branches 
and buds, 6.4±0.02% fruit) and orchards over 10 
years (100±0.50% trunks, 0% branches and buds, 
2.1±0.01% fruit) (Table 3).
Attack severity index
	 A significant variation in parasite 
incidence was recorded, depending on the different 
types of orchards sampled. The type ‘’Zero’’ grades 
were significantly higher in orchards over 10 years 
(82.8±6.34 attacks), followed by orchards 5-10 
years (26.78±1.82 attacks) and orchards 0-5 years 
(12.3±0.08 attacks) (Mann Whitney U test, p < 
0.05). The types ‘’One’’ grades were significantly 
higher in 5-10 years orchards (40.1±1.52 attacks), 

followed by 0-5 years orchards (28.1±0.93 attacks) 
and orchards over 10 years (17.3±0.09 attacks) 
(Mann Whitney U test, p < 0.05). The types ‘’Two’’ 
grades were significantly higher in orchards 0-5 
years (59.6±1.74 attacks), followed by orchards 
5-10 years (33±0.58 attacks) and orchards over 10 
years (12.3±0.12 attacks) (Mann Whitney U test, 
p < 0.05). Pest incidence was highest in orchards 
0-5 years, followed by orchards 5-10 years and 
orchards over 10 years (Fig. 3). According to 
the rating scale, attacks were very severe in 0-5 
years orchards, characterized by 66.75±1.93% of 
attacks, and slightly severe in 5-10 years orchards, 
characterized by 21.88±0.25% of attacks. On 
the other hand, in orchards over 10 years old, 
characterized by 11.35%±0.09, attacks were less 
harmful to yields.
Agronomic performance of cashew orchards
	 The orchards over 10 years showed a 
fruiting rate of 28.36±0.68% and a production rate 
of 28.1±0.54% of flowers. The orchards over 10 
years old showed a fruiting rate of 28.36±0.68% 
and a production rate of 28.1±0.54% of flowers. 
They were followed by 5-10 years orchards 
which showed a fruiting rate of 15.32±0.12% 
and a production rate of 13.82±0.07% of flowers. 
Finally, the 0-5 years orchards recorded a fruiting 
rate of 2.89±0.02% and a flower production rate 
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Table 1. Insect pests collected in orchards

Order of insects	 Orchards 	 Orchards 	 Orchards 	 Total	 Probability
	 0-5 years	 5-10 years	 over 10 years

Hemiptera	 8±0.54	 1±0.07	 2±0.02	 11±2.00	  -
Coleoptera	 9±0.92	 4±0.26	 0±0.00	 13±4.02	  -
Orthoptera	 6±0.36	 7±0.41	 2±0.05	 15±3.23	   - 
Lepidoptera	 3±0.07	 2±0.13	 7±1.16	 12±1.97	   - 
Odonata	 1±0.01	 2±0.08	 1±0.01	 4±0.03	   - 
Diptera	 5±0.15	 5±0.21	 5±0.85	 15±4.06	   - 
Abundance (individuals)	 32±6.41a	 21±4.85b	 17±1.28b	 70±8.12	 0.02
Specific richness	 15a	 7b	 5b	 15	 0.037

The values with different letters on the same line are substantially different (Mann-Whitney U test, p < 0.05)

Table 2. Proportions of cashew trees attacked by insect pests
	 	 	 	    
	 Orchards 	 Orchards 	 Orchards 	 Means
	 0-5 years	 5-10 years	 over 10 years

Proportion of cashew	 70±5.24	 40±2.45	 20±1.87	 43.33±4.56
trees attacked (%)	
Assessment	 High	 Medium	 Low	
	 	 	 	    

Table 3. Proportions of organs attacked by insect pests

 	 Attacked 	 Orchards 	 Orchards 	 Orchards 	 Means	 Assessment
	 organs	 0-5 years	 5-10 years	 over 10 years

Vulnerability	 Trunks (%)	 100±0.50	 100±0.50	 100±0.50	 100±0.50	 Very strong
	 Branches (%)	 100±0.50	 62.35±0.23	 0±0.00	 54.11±0.35	 Strong
	 Buds (%)	 100±0.50	 62.35±0.23	 0±0.00	 54.11±0.35	 Strong
	 Fruit (%)	 17.6±0.06	 6.4±0.02	 2.1±0.01	 8.7±0.03	 Weak

of 2.34±0.01% (Fig. 4). The number of flowers 
pollinated by bees and the productivity of these 
orchards were significantly higher in orchards 
over 10 years, followed by orchards 5-10 years 
and orchards 0-5 years (Mann Whitney U test, p 
< 0.05).
	 Overall, orchards over 10 years old showed 
significantly higher agronomic performance 
(fruiting and production rates) than 5-10 years 
and 0-5 years orchards (Mann Whitney U test, 
p < 0.05). All three orchard varieties, however, 
displayed a significant yield difference when 
compared to the control (Mann Whitney U test, p 
< 0.05).
Relationship between insect activity, tree health 
and agronomic performance
	 There was a substantial and positive 

correlation between parasite incidences and pest 
activity (r = 0.89; p < 0.05). Pest activity and pest 
incidence, on the other hand, were substantially and 
adversely linked with fruit set and fruit quality (r = 
-0.66, -0.58, -0.58 and -0.61; p < 0.05, p < 0.05, p 
< 0.05 and p < 0.05 correspondingly) (Table 4).

DISCUSSION

	 Across all sampled cashew orchards, a 
total of 70 insect pests belonging to six taxonomic 
orders were collected. These pests were more 
abundant and diverse in the youngest orchards 
(0-5 years old). This observation may reflect a lack 
of appropriate technical management in young 
plantations, notably due to the absence of regular 
pruning and thinning, as well as the accumulation 
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Fig. 3. Pest incidence in orchards
Based on the grades, the proportions with different letter designations were significantly different (Mann-Whitney 

U test, p   0.05)

Fig. 4. Agronomic performance of orchards
The proportions across orchards, denoted by different letters, were significantly different (Mann-Whitney U test, p   0.05) 

of dead wood from initial land preparation. Such 
debris provides ideal sites for pest oviposition and 
larval development16,17,18.
	 In addition to poor management practices, 
agronomic strategies commonly used in these 
young orchards could also contribute to pest 
proliferation. For instance, the open canopy 
structure is often associated with intercropping 

systems involving food crops such as oil palm and 
banana, which support farmer livelihoods before 
cashew production becomes profitable. However, 
when poorly managed, these systems may 
inadvertently promote pest activity by enhancing 
food availability and disrupting ecological 
balances11.
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Table 4. Correlation between pest activity and agronomic performance

Pearson correlation coefficient	 Pest activity	 Parasitic impacts	 Fructification	 Fruit quality
(r > 0.5; p < 0.05)

Pest activity	 -	 	 	   
Parasitic impacts	 0.89	 -	 	  
Fructification	 -0.66	 -0.58	 -	 
Fruit quality	 -0.58	 -0.61	 0.17	 -

	 Beyond these immediate factors, an 
agroecological lens reveals deeper underlying 
causes of pest outbreaks. One key factor is soil 
health: nutrient-poor or unbalanced soils can 
induce physiological stress in plants, making 
them more vulnerable to pest attacks19. Similarly, 
microclimatic conditions in young orchards 
often characterized by higher temperatures and 
humidity can further promote pest development and 
reproduction20. Moreover, the reduction in natural 
enemies, which may result from low plant diversity 
and farming practices that do not favor biodiversity, 
limits the natural regulation of pest populations21. 
Finally, the genetic makeup of the planting material 
plays a crucial role: the widespread use of low-
resistance or genetically uniform varieties increases 
susceptibility to infestation20.
	 These biotic and abiotic vulnerabilities 
are reflected in field observations. Compared with 
orchards aged 5-10 years and those over 10 years, 
the youngest orchards (0-5 years) showed higher 
pest infestation rates, with a large number of organs 
reaching severity grade S2. This pattern aligns with 
the higher pest abundance and diversity recorded in 
these orchards. Two hypotheses may explain this 
phenomenon: first, the persistence of dead wood 
likely facilitates the rapid spread of infestations22; 
second, as cashew cultivation is relatively recent 
in this former cocoa-producing area23, residual pest 
populations and ecological legacies from previous 
cropping systems may continue to influence pest 
dynamics across orchards.
	 In contrast, plants from older orchards 
(over 10 years) generally displayed better agronomic 
performance. This suggests that the poor health 
status of young orchards may negatively impact 
both the quantity and quality of floral resources, 
as well as populations of beneficial insects such 
as bees and ants, which contribute to pest control 

and organ development15,24. Furthermore, the 
accumulation of dead leaves in mature orchards 
may enrich soil fertility, thereby improving nectar 
and pollen quality. These improved floral resources 
could enhance pollinator activity, particularly that 
of bees, leading to higher plant productivity24,25.
	 Nonetheless, it is important to note that all 
three orchard age classes showed lower agronomic 
performance compared with high-yielding control 
trees. This discrepancy could be attributed to 
suboptimal agronomic practices, including the use 
of wild, heterogeneous seeds as planting material. 
Additionally, the widespread use of unregulated 
pesticides may adversely affect floral resources 
and pollinator populations, as well as beneficial 
insects involved in biological control, ultimately 
compromising overall orchard performance8.

CONCLUSION

	 In the Marahoué region, a total of 
70 insect pest species, distributed across six 
taxonomic orders, were identified in the orchards 
surveyed. The greatest diversity and abundance 
were observed in the youngest orchards (0-5 
years), which also exhibited the most severe 
infestations. These young orchards presented a 
high number of vulnerable plant organs showing 
marked levels of damage, indicating intense pest 
pressure. In contrast, older orchards (over 10 
years) showed comparatively better agronomic 
performance, likely due to improved soil structure, 
increased ecological stability, and the progressive 
establishment of beneficial insect populations. 
Nevertheless, all orchards regardless of age 
demonstrated lower agronomic performance than 
reference high-yielding cashew plantations.
	 To optimize orchard productivity, special 
attention must be given to young plantations, 
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which often suffer from insufficient technical 
support. This is particularly evident in the lack 
of systematic pruning, the accumulation of dead 
wood, and several biotic and abiotic factors 
which, from an agroecological perspective, may 
also contribute to increased pest pressure, thereby 
promoting the proliferation of insect pests. The 
implementation of appropriate management 
practices including regular pruning, debris 
removal, and ecological intensification can enhance 
floral resource availability and attract beneficial 
insect species. These improvements are essential 
for strengthening plant health and boosting the 
agronomic performance of cashew orchards across 
the region.
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