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Abstract 

 
Disease-causing phytoplasmas are transmitted by insect. Their distribution and transmission of the diseases with 

which they are associated are strongly linked to the feeding habits and biology of the insect vectors and the 

conditions of the host plants. This study was carried out in Côte d'Ivoire, specifically in the Grand-Lahou locality 

(an area endemic to phytoplasma disease), with a view to identifying the insect carriers and vectors of cassava 

phytoplasma. Insects were collected from the leaves. Total deoxyribonucleic acid (DNA) was extracted from 150 

insect specimens and indirect diagnosis was carried out by Polymerase Chain Reaction (PCR) using the universal 

primer pair P1/P7 followed by AwkaSR/GH813f (specific primers). The molecular tests (PCR) carried out on 

these insects identified a probable carrier of the specie Bemisia tabaci. 
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Introduction  

Cassava (Manihot esculenta Crantz) is an annual 

plant found in tropical countries. It is grown for its 

protein- and vitamin-rich leaves (Dostie et al., 1999). 

Cassava also guarantees food security for small-scale 

subsistence farmers. It plays an important role in sub-

Saharan Africa in efforts to alleviate the food crisis 

and poverty. 

 

In Côte d'Ivoire, cassava is the second most important 

food crop after yam, with annual production 

estimated at 6,961,619 tons in 2021 (FAO, 2022). In 

addition, tuberous cassava roots are also the raw 

material for a wide range of transformations, 

resulting in food, cosmetic and pharmaceutical 

products (Dixon et al., 2003). 

 

Despite its ease of adaptation to different agro-

ecological zones, cassava cultivation is hampered by 

several constraints that greatly reduce cassava 

production worldwide. These include fungal, bacterial 

and especially viral diseases. In addition to the 

damage caused by pests (Ambang et al., 2007), 

diseases other than those observed and common 

infect cassava throughout the world. These include 

phytoplasma diseases (Alvarez et al., 2013). 

Phytoplasmas are cell wall-less prokaryotic bacteria 

associated with disease in many cultivated and non-

cultivated plant species worldwide (Lee et al., 2000), 

living and reproducing in the phloem tissues of 

plants, as well as in the salivary glands and other 

tissues of certain hemipteran insects. These insects 

are mainly phytoplasma-vector leafhoppers in plants 

(Caasi-Lit et al., 2018). 

 

However, phytoplasma disease remains the least 

studied infection in cultivated plants in Côte d'Ivoire. 

Studies conducted on phytoplasma diseases have 

shown that phytoplasma is present in cassava (Kra et 

al., 2017). Thus, knowledge of the mode of infection 

of phytoplasma disease presents an important 

challenge as it will help to understand the biology of 

the pathogen and the identification of the vector 

carrier of cassava phytoplasma. It will also lead to 

better management of cassava phytoplasma diseases 

in Côte d'Ivoire. In addition, phytoplasma diseases 

are mainly transmitted through the use of infected 

plant material and via vectors. The most important 

vectors of horizontal transmission are insects. An 

entomofauna population lives on cassava, in 

particular sucking biters. Among these insects, the 

Bemisia tabaci species is a major vector of viral 

diseases and pests of cassava (James et al., 2000). 

The identification of insect genera capable of carrying 

the phytoplasma associated with the disease is a key 

issue in the management of phytoplasma diseases. 

However, the carrier insect must be able to transmit 

the phytoplasma to the host plant before it develops 

symptoms of the disease. Identifying phytoplasma-

carrying and transmitting insects in cassava makes it 

possible to target the insect vector for effective control 

of the phytoplasma disease. Like virus diseases, 

phytoplasma is a pathogen that is spread by insect 

vectors (Weintraub and Beanland, 2006). 

 

Control of phytoplasma is directed against the insect 

vector of this agent. To improve management of 

cassava phytoplasma disease in Côte d'Ivoire, the 

main objective of this study was to identify the vector 

associated with the disease. 

 

Materials and methods 

Insect collection site 

The insects used in this study were collected in the 

Braffédon area, a village in the locality of Grand-

Lahou. This is a forested region characterized by a 

rural forest zone made up of forest scrub and fallow 

land. This locality has a lagoon and maritime 

landscape with a sandy coastline and ferralitic soils 

that are slightly and/or heavily denatured. The 

climate is sub-equatorial with an Attienan facies, with 

a rainy season from March to November, peaking in 

June and September, and 3 dry months, from 

December to February. The average annual rainfall is 

1,475.07 mm. The average annual temperature varies 

between 24 and 27°C. Average relative humidity is 

between 80% and 90% (Kouadio et al., 2009). 

 

Biological material 

The biological material consisted of insects on the 

aerial organs of cassava in (young) plantations. These 

insects were captured on cassava leaves with or 

without symptoms. 
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Description of symptoms 

The various symptoms observed on the leaves whose 

insects were captured in the cassava plantations were 

described. The description was based on the shape 

and coloring of the cassava leaves on the plants. 

 

Collection of insects 

Insects were collected in three cassava plantations at 

least one kilometer long. Insects were collected from 

the cassava leaves using a manual aspirator and then 

stored in Eppendorf tubes. Samples were collected 

randomly from the undersides and tops of three- and 

six-month-old cassava leaves. The insect samples 

were sent to the laboratory. 

 

Identification of insects carrying the phytoplasma 

Extraction of DNA from insects 

DNA was extracted from insects using the method of 

Doyle and Doyle (1990). Five insects of the specie 

Bemisia tabaci were crushed in 2 ml Eppendorfs 

tubes with 500 µl of 2% CTAB extraction buffer 

previously heated in a water bath at 65°C. The tubes 

were incubated in a water bath for 30 minutes at 

65°C. After incubation, the tubes were left to cool for 

approximately 2 min at room temperature. Next, 500 

μl of chloroform-isoamyl alcohol (24:1) was added to 

the crushed material in each Eppendorf tube, 

followed by centrifugation at 13,000 rpm for 15 min. 

After centrifugation, 400 µl of the supernatant was 

removed from each tube and transferred separately to 

a new 1.5 mL Eppendorf tube. The DNA was then 

precipitated in 400 µl of cold isopropanol for 30 min 

at -20°C in the freezer. After 30 minutes, the tubes 

were centrifuged at 13,000 rpm for 15 minutes. The 

supernatant was removed from the tubes and 200 µl 

of 70% ethanol was added to the tubes. The tubes 

were centrifuged at 13,000 rpm for 10 min. After 

centrifugation, the ethanol was removed and the 

tubes were dried on sterile blotting paper at room 

temperature to remove all traces of ethanol. The DNA 

was recovered in 50 µl of TE and the tubes were 

stored at -20°C in the freezer for future analysis. 

 

Molecular analysis of phytoplasmas in insects 

Identification of phytoplasmas in insect samples was 

carried out using two types of PCR with two pairs of 

primers. PCR was carried out using the universal 

primer pair P1/P7 (Deng and Hiruki, 1991, Schneider 

et al., 1995) in a total reaction volume of 12.5 µl 

containing: 6.25 µl of GoTaq G2 PCR buffer 

(Promega, USA), 1.75 µl of ultrapure water, 1.25 µl of 

each primer P1 (10 µM) and P7 (10 µM), and 2 µl of 

extracted DNA. Amplification was carried out 

according to the following program: an initial 

denaturation cycle at 94°C for 3 min, followed by 35 

cycles comprising: denaturation at 94°C for 40 s, 

hybridization at 56°C for 40 s and elongation at 72°C 

for 1 min 40 s. A final elongation cycle at 72°C for 10 

min terminated the reaction. 

 

The products of the 1st PCR (P1/P7) were again 

amplified by Nested PCR with the specific primer pair 

Awka SR/GH813f (Tymon et al., 1998) in a reaction 

volume containing 5 μl (10 µM) of each of the 

primers, 10 μl of ultrapure water, 25 µL of GoTaq G2 

buffer (Promega, USA) and 5 μl of the PCR product of 

the primer pair (P1/P7). The final reaction volume 

was 50 μl. PCR products were amplified according to 

the following program: an initial denaturation cycle at 

94°C for 3 min, followed by 35 cycles comprising 

denaturation at 94°C for 40 seconds, hybridization at 

53°C for 40 s and elongation at 72°C for 1 min 40 s 

and a final elongation cycle at 72°C for 10 min. 

 

Migration of PCR products 

The different amplified Nested PCR products were 

separated by electrophoresis on a 1% agarose gel 

(Bioshop, Canada) incorporated with ethidium 

bromide in a 1×TAE buffer solution (400 Mm Tris-

Acetate, 10 Mm EDTA, Promega, USA). Two 

microliters of each Nested PCR product and 3 μl of 

size marker (BenchTop 100 bp DNA or 1Kb ladder, 

Promega, USA) were used for electrophoretic 

migration at 100 volts for one hour. The gel was then 

visualized under a trans-illuminator (EBOX VX5 

Vilbert Lourmat France). 

 

Study of the transmission capacity of the 

phytoplasma-carrying insect 

To perform the transmission ability test, a synthetic 

nutrient medium was prepared according to the 

method of Bosco and Tedeschi (2013). For this 

purpose, 2 ml Eppendorfs tubes were used. The lids of 

these tubes were filled with 200 ml of a 5% 
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concentrated TE succrose solution and then these lids 

were sealed with parafilm. Two insects were 

introduced per tube. Each tube was maintained at 

room temperature in the laboratory for 24 to 48 h in 

an upright position with the cap facing a light source 

to attract the insects to the feeding medium. After 24 

h incubation, the insects and the nutrient medium 

(TE + sucrose solutions) contained in the tubes were 

immediately used for molecular analysis in search of 

phytoplasmas. Our experiment involved a set of 20 

insects, two per tube. Molecular analysis was carried 

out as before. 

 

Results 

Symptoms observed 

The symptoms observed on the leaves of the cassava 

plants on which the insects were caught were either 

single or complex. 

These symptoms were mosaic, discoloration in bands 

of yellow and green between the veins of the leaves 

(vein banding), chlorosis, shoestring leaves, 

embossed leaves, reduced leaves and leaves with 

edges resembling a fan propeller (Fig. 1 and 2). 

 

Phytoplasma(s) present in insect samples and 

feeding solutions 

Molecular identification using the specific 

AwkaSR/GH813f primer pair by Nested PCR resulted 

in amplicons of the expected size of 1000 bp (Fig.  3). 

In DNA samples extracted from captured insects. Out 

of a total of 30 composite samples, 25 samples 

(83.33%) reacted positively to the presence of 

phytoplasma. PCR analyses based on the specific 

primer revealed the presence of phytoplasmas in the 

insects captured. These results confirm the presence 

of Candidatus Phytoplasma palmicola, a sub-group 

XXII-B phytoplasma. Insects of the specie Bemisia 

tabaci are thought to carry the Candidatus 

Phytoplasma palmicola. 

 

Molecular tests using Nested PCR were also used to 

amplify phytoplasma DNA in feeding solutions (TE + 

succrose) containing the saliva of insects of the specie 

Bemisia tabaci. The amplicons were deposited at a 

molecular weight of 1000 bp corresponding to that of 

the specific primer pair (AwkaSR/GH813f) (Fig. 4) 

specific to Candidatus Phytoplasma palmicola. 12 

synthetic nutrient media out of a total of 20 samples, 

i.e. 60%, contained the phytoplasma. 

 

Fig. 1. Some symptoms observed  

A: mosaic- embossing, B: vein banding, C: mosaic-

deformation 

 

Fig. 2. Insects present on cassava leaves 

A: presence of insects on symptomatic leaves, B and 

C: presence of insects of the specie Bemisia tabaci on 

asymptomatic leaves 

 

Fig. 3. Agarose gel electrophoresis profile (1%) of 

Nested PCR products amplified with the 

AwkaSR/GH813f specific primer pair, M: marker= 1 

kb (DNA Ladder); 1-10: Bemisia tabaci DNA samples, 

T: negative control (water). 

 

The presence of the phytoplasma in the nutrient 

solutions (TE + succrose) containing saliva would 

indicate that the insect of the specie Bemisia tabaci 

could be a transmitter of the 'Candidatus 

Phytoplasma palmicola' phytoplasma of subgroup 

XXII-B. 
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Fig. 1. Some symptoms observed  

A: mosaic - embossing, B: vein banding, C: mosaic –

deformation 

 

Discussion 

Knowledge of the biology of the pathogen and the 

epidemiology of the disease is very important if we 

are to improve the control of cassava phytoplasma 

disease and define strategies to prevent its spread. 

Control strategies against its spread, knowledge of the 

biology of the pathogen and the epidemiology of the 

disease are very important. In addition, identifying 

the insect(s) that carry(s) and/or vector(s) cassava 

phytoplasma required insect collections in the 

disease-endemic area (Grand-Lahou). An inventory of 

insects on cassava was carried out. A wide variety of 

arthropod species were observed. The presence of 

these insects on the plant can be explained by the fact 

that the plant is both a food resource and a refuge for 

these insects. The development of white flies on 

cassava is also explained by the presence of weeds in 

and near the fields. According to Tiendrébéogo 

(2010), the abundance of whiteflies in the fields can 

be explained by the fact that they feed on several 

species of wild and cultivated plants at the same time. 

By feeding on leaf sap, these insects secrete large 

quantities of honeydew, which encourages the 

development anthrax mold on the plant. These 

insects can also inoculate the plant with viruses as 

they feed. Among these, insects of the genus Bemisia 

sp. are a major pest of cassava but also a vector of 

viral diseases (Homenauth and De Souza, 2011). 

 

In the present study, the cassava leaves on which the 

insects were captured showed symptoms of 

discoloration and deformation characterized by 

mosaic, vein banding, leaf chlorosis, shoestring, 

waffled leaves and leaf blade reduction. These 

symptoms are caused by several phytopathogenic 

agents, notably viruses. Phytoplasmas also have the 

ability to cause leaf discoloration and deformation in 

cassava according to Fernandez et al. (2018). Also, 

the work of Kra et al, carried out in 2017 in Côte 

d'Ivoire on cassava, showed that cassava infected with 

phytoplasma showed symptoms of leaf discoloration 

and deformation. These symptoms caused by viruses 

and phytoplasmas often develop via a vector when 

they are transmitted. In fact, phytoplasmas are 

transmitted by vectors that mostly belong to the order 

Hemiptera, a suborder of Homoptera, when they feed 

in the phloem of plants (Bosco and Tedeschi, 2013). 

 

Although they are vectors of viral diseases of cassava, 

the molecular tests carried out revealed the presence 

of phytoplasma in insects of the specie Bemisia tabaci 

captured on cassava leaves. The phytoplasma 

identified was Candidatus Phytoplasma palmicola of 

subgroup XXII-B. The presence of the phytoplasma in 

these insects would mean that the insect of the specie 

Bemisia tabaci could be a probable carrier of the 

'Candidatus Phytoplasma palmicola' phytoplasma. 

The presence of phytoplasma in these insects can be 

explained by the fact that it multiplies and 

perpetuates itself on different hosts, namely crops of 

interest and neighboring weeds, which are sources of 

food for these insects. By feeding on these plants, the 

insects pick up the phytoplasmas present, which are 

then stored in their vectors (insects). In fact, once 

these insects come into contact with the leaves on a 

plant, they prick the vessels to feed. As they do so, 

they inject or remove the phytoplasmas. Once inside 

the insect, the phytoplasma multiplies in the cells of 

the intestinal wall, emerging in the hemolymph and 

reaching the insect's salivary glands, making them 

infectious after a more or less long incubation period 

(Hogenhout et al., 2008). Our results could confirm 

those of Chavarriaga-aguirre et al., 2016. According 

to these authors, Bemisia tabaci and Aleurotrachelus 

socialis are two insect species that could be involved 

in the transmission of a still unidentified agent 

(probably a phytoplasma) causing cassava frog skin 

disease (CFSD) in cassava in Colombia. Instead, Caasi 

et al., 2018 reported the presence of phytoplasma in 

mealybugs in their study on the arthropod profile of 

witches' broom infected cassava in cassava fields in 

Mindoro, Leyte and Bohol (Phillipine). 
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Molecular tests also revealed the presence of 

phytoplasma in feeding solutions (TE + succrose) 

containing the saliva of insects of the specie Bemisia 

tabaci. This can be explained by the fact that 

phytoplasmas are transported from the insect to the 

plant via the salivary canal and from the plant to the 

insect via the alimentary canal. The successive 

mechanisms of endo and exocytosis transport them 

from the light to the cells of the digestive tract and 

then into the hemolymph, salivary glands and saliva, 

from where they are transmitted to the plant via the 

insect's salivary duct. According to Huet et al., 2020, 

when phytoplasmas reach the salivary gland cells of 

the insect vector, the latter becomes capable of 

inoculating the phytoplasma into the plant by 

secreting them with saliva in the phloem of a feeding 

puncture. From these results, it can be deduced that 

the insect of the specie Bemisia tabaci could be a 

transmitter of the "Candidatus Phytoplasma 

palmicola" phytoplasma of subgroup XXII-B in 

cassava. The Bemisia tabaci insect would have the 

capacity to transmit the phytoplasma to cassava and 

induce symptoms in the latter. 

 

Conclusion 

Cassava is a crop subject to attack by numerous insect 

pests. This study was initiated to identify the insect 

carrier and/or vector of the phytoplasma in cassava. 

Molecular analyses were used to identify the presence 

of phytoplasma in insects of the specie Bemisia tabaci 

and also in nutrition solutions (succrose +TE) 

containing the saliva of these insects. The 

phytoplasma present in the DNA of the insects and 

the solutions is Candidatus Phytoplasma palmicola of 

subgroup XXII-B. This result shows that the insect of 

the specie Bemisia tabaci could be a probable carrier 

of cassava phytoplasmas. The results of this study 

open up new avenues of research into cassava 

phytoplasmas, and further work should be 

undertaken. Horizontal transmission tests will be 

continued on test plants with other insects, and 

vertical transmission tests will also be carried out in 

order to propose appropriate control methods against 

cassava phytoplasma diseases. 
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