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ABSTRACT

Papaya is an important food and economic crop in Ivory Coast. However, its cultivation is facing persistent virus problems.
Recent studies carried out around the world have shown that phytoplasmas cause symptoms similar to viruses and are
increasingly affecting various crops. This study was carried out with the aim of identifying the phytoplasma(s) likely to be
associated with leaf deformation symptoms in papaya trees in Ivory Coast. Leaf deformation symptoms were observed on
plants of the solo. Phytoplasmas were detected in leaf samples collected from December 2022 to February 2023 by nested
polymerase chain reaction with primer pairs amplifying the 16Sr phytoplasma genes. The results showed a wide range of
leaf symptoms. The prevalence of foliar symptoms varied from 1.85% to 60%. Sequencing of the amplicons and
phylogenetic analysis revealed that Candidatus phytoplasma asteris of the 16SrI-B subgroup was the phytoplasma detected
in 11 leaf samples out of 38 (28.94%) using Nested PCR carried out with the R16F2n/R16R2 primer. However, no traces
of the phytoplasma responsible for the fatal coconut yellowing disease, which affects coconut and manioc in Ivory Coast,
were found in these samples. The results obtained have improved the diagnosis of papaya diseases in Ivory Coast, as they
have made it possible to associate an agent other than viruses and fungi, which have always been associated with papaya
infections in all the studies carried out in Ivory Coast.
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INTRODUCTION

The papaya tree (Carica papaya L) is a fruit tree native to
Latin America, particularly Mexico (Fuentes and
Santamaria, 2013). Papaya is primarily cultivated for its
fruit, which has a flesh rich in vitamins (A and C), sugars,
and potassium. It is eaten as a dessert during meals but is
also made into jam and puree after processing. Its seeds
have vermifuge properties (Toure et al, 2020). It is the
third most-produced fruit in Ivory Coast and is exported
to the European market.

According to FAOSTAT 2022, Ivory Coast is the second-
largest African exporter of papaya to the European
market, with export volumes declining from 658 tonnes
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in 2020 to 358 tonnes in 2023. This drop in production is
due to significant pressure from pathogens and pests
affecting papaya plants (Touré et al, 2020). Papaya
diseases commonly encountered in papaya fields are
generally caused by viruses and fungi (N'Daetal, 2008).In
fact, according to Séka et al. (2023), it is nearly impossible
to cultivate papaya for local consumption and export due
to the resurgence of viral papaya diseases since 2003,
notably papaya ringspot disease and papaya mosaic
disease. The appearance of virus-like diseases in papayas
inIvory Coast, with incidence rates reachingup to 100%in
some fields, has led several farmers to abandon papaya
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cultivation (Diallo et al, 2008). In Ivory Coast, the Solo n8
and Sunrise Solo 7212 varieties are the most commonly
grown and exported N'Da et al. (2008) several studies on
viral diseases have been conducted on these varieties, and
control methods have been proposed and implemented
by farmers. Despite these efforts, the cultivated area is in
decline (Igbal et al, 2022).

Several phytoplasma diseases have been reported in
papaya, presenting symptoms nearly identical to those of
viral diseases (Arocha et al, 2009; Ahmad et al, 2024;
Valadez et al, 2024). Phytoplasmas are wall-less,
bacteria-like organisms that live exclusively within plant
vascular tissues and rely on insect vectors for
transmission. Their specific localization within plant
tissues and their ability to induce symptoms similar to
those of viruses make their detection challenging and
require specialized diagnostic methods (Bertaccini and
Duduk, 2009). Phytoplasma attacks in papaya orchards
can lead to incidence levels of up to 75%, causing
substantial yield losses (Ventura et al, 2004; Tahir et al,
2023). The above leads us to ask whether one or more
phytoplasmas might be associated with the persistence of
diseases in papaya trees in Ivory Coast. The aim of this
work is therefore to find out which phyoplasma or
phyoplasmas could be associated with the various forms
of leaf deformation in papaya.

Specifically, it will involve: Make an inventory of the
symptoms of leaf deformations in papaya, Detect the
presence of phytoplasmas in showing
symptoms and Identify the phytoplasma(s) associated
with papaya leaf deformation symptoms.

MATERIALS AND METHODS

Study Area: The study was conducted in four (4) localities
that were once the main cultivation areas and are
currently being abandoned due to the persistence of
disease. These included three (3) cities in the southern
part of the country: Adzopé, Agboville, and Tiassalé.

leaves

Additionally, the city of Yamoussoukro in the center of the
country was included.

Field Sampling: Sampling was carried out in December
2022, January an April 2023. In each of the four localities,
three fields were chosen. Ten (10) papaya trees were
randomly selected in each field by following a Z-shaped
path after leaf observation. On each selected papaya tree,
fresh young leaves were taken at the top were collected
on the basis of whether or not symptoms were observed.
Samples consisting of three (3) leaves per plant were
collected. A total of 360 samples were collected. All the
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collected samples were placed separately in Kkhaki
envelopes and labelled. Each sample was identified by a
number including the collection site, the field and the
sample number. The samples were transported to the
laboratory of the phytosanitary Unit of the University of
Nangui Abrogoua, where they were kept in a freezer for
later analysis. The leaf samples were all collected from the
solo variety, grown in all the fields surveyed. The plants
collected were between 4 and 12 months old.
Description of symptoms: Descriptions of the symptoms
observed in each field were based on the shape, size and
appearance of the symptoms on the papaya leaves. The
symptoms were described in the field after the leaf
samples had been collected. This description was based
on the different forms of leaf deformation observed on the
symptomatic plants.
Evaluation of the phytosanitary status of the plots
visited: The phytosanitary status of the fields visited was
assessed on the basis of the prevalence and severity of the
symptoms observed. This was done according to the
locations visited.
Symptom prevalence by locality: The prevalence of the
disease was determined by the ratio of the number of
symptomatic plants to the total number of plants visited in
each field. This prevalence was assessed on 30 randomly
selected plants following a zigzag path within pre-defined
subplots (150 m x 150 m) in each field. It was calculated
using the Ogara and Bina (2010) formula below:

Nps

Pr =——x 11111

Npt
Nps: Number of plants showing a symptom form; Npt:
Total number of sample plants;
Pr: Prevalence of a symptom.
Symptom severity: Severity was determined using a
rating scale from 1 to 5 Mignouna et al. (2001) on 30
randomly selected plants following a zigzag path within
pre-defined subplots (150 m x 150 m) in each field.
1= plants with symptomless leaves;
2=1-25% of leaves showing symptoms;
3=26-50% ofleaves showing symptoms;
4=51-74% of leaves showing symptoms;
5=more than 75% of leaves showing symptoms
Detection of phytoplasmas: Extraction of total DNA
from collected leaves: Total DNA was extracted for each
sample analyzed from one hundred (100) mg of leaf veins
collected using the method described by Doyle and Doyle
(1990). One hundred (100) mg of leaf samples were
ground with a CTAB solution, incubated at 65°C and then
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purified with chloroform-isoamyl alcohol. The
supernatant obtained was precipitated with isopropanol
at -20°C, followed by centrifugation and washing with
ethanol. The DNA pellet was dried, recovered in TE with
RNAase and stored at -20°C for future analysis.

PCR: Total DNA obtained after extraction was used for
several PCR tests. This technique was used to detect the
presence of phytoplasma sequences in the extracted DNA.
A first direct or classical PCR was carried out using the
universal primer pair P1/P7 (Schneider et al, 1995). The
amplification reaction was carried out in a total reaction
volume of 12.5 pL. The reaction medium consisted of 6.25
uL GoTaq PCR buffer 2x (GoTaq G2 Green Master mix, 2x
(2xGreen Go Taq G2, PH 8.5; 400 uM (of ATP, dGTP, Dttp,
CTP.); 3Mm MgCl2); 1.25 pL for primers P1 (10 uM) and P7
(10 uM); 1.25 pL for primers F2 (10 uM) and R1 (10 pM),
1.75 pL ultrapure water and 2 pL DNA. A negative control
containing all the components of the reaction medium
except the DNA, which was replaced by water (2 pL of
water), was added to the samples to check the accuracy of
the results. The program used was as follows: An initial
denaturation cycle at 94°C for 3 min followed by 35
reaction cycles each comprising: denaturation at 94°C for
40 seconds, hybridization at 56°C for 40 seconds and
elongation at 72°C for one 100 secs; and finally a cycle for
final elongation at 72°C for 10 min.

After this direct PCR, two Nested PCRs were performed
using the Gh813f/AwkaSR specific primer pairs
according to the method of Tymon et al. (1998) and the
universal primer pairs R16mF2n/R16mR2 and according
to the method of Gundersen and Lee (1996) with the
products of the direct PCR of the P1/P7 primer pair.

For nested PCR using the Gh813f/AwkaSR primer pair,
each amplification reaction was performed in a total
reaction volume of 12.5 pL. The reaction medium
consisted of 6.25 pL of 2X PCR Buffer (GoTaq G2 Green
Master Mix, 2X); 1.25 pL of each primer pair Gh813f (10
uM) / AwkaSR (10 pM), R16mF2n (10 uM) /R16mR2 (10
uM) and FU5 (10 puM) /RU3 (10 uM) depending on the
primer pair; 1.75 pL of ultrapure water and 2 pL of PCR
product amplified with the P1/P7 direct PCR primer. A
negative control contained all the components of the
reaction medium except the PCR product was replaced by
2 puL of water to reveal the veracity of the diagnosis. The
tubes were placed in athermal cycler (T100m BIORAD) for
PCR of each primer pair, according to the program
associated with each primer pair GH813f/AwkaSR that
was: one initial denaturation cycle at 94°C for 3 min
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followed by 35 (reaction) cycles each comprising:
denaturation at 94°C for 40 secs, hybridization at 53°C for
40 sec and elongation at 72°C for 100 secs and finally a
cycle for final elongation at 72°C for 10 min.

Nested-PCR using the R16mF2n/R16mR2 primer pair for
amplification of the 16S region of ribosomal DNA was
carried out using the method of (Gundersen et lee, 1996).
Each amplification reaction was carried out in a reaction
volume of 12.5 pL. the reaction medium consisted of: 6.25
pL of 2X PCR Buffer (GoTaq G2 Green Master Mix, 2X);
1.25 pL of each primer (R16mF2n (10 uM) and R16mR2
(10 uM); 1.75 pL of ultrapure water and 2 pL of PCR
product amplified with primer R16mR1/R16mF2 from
direct PCR. A negative control containing all the
components of the reaction medium in which the PCR
product is replaced by water (2 uL of water) was added to
the samples in the amplification experiments to reveal
the veracity of the diagnostics. The tubes were placed in a
thermal cycler (T100m BIORAD) for PCR according to the
following programme: 1 initial denaturation cycle at 94°C
for 2 min; followed by 35 (reaction) cycles each
comprising: denaturation at 94°C for 1 min, hybridization
at 55°C for 2 min and elongation at 72°C for 3 min and
finally a cycle for final elongation at 72°C for 10 min.
Electrophoresis of PCR products: PCR amplification
products were separated according to size by
electrophoresis on a 1% agarose gel incorporated with
ethidium bromide in 1X TAE buffer (40 Mm Tris, 20 Mm
acetate, 1 mM EDTA). For each amplification reaction, 2
uL of PCR products were added to the agarose gel wells.
Electrophoretic migration was performed at 90 V for 30
min. A 1 kb plus size marker (ladder 1 kb Invitogen) was
used to estimate the size of the various amplified
fragments. The gel was then visualized under ultraviolet
(UV) light using a gel reader. Amplified DNA stained with
ethidium bromide appeared as bands on the agarose gel.
Sequencing and phylogenetic classification of
phytoplasma: Amplicons obtained by Nested PCR using
the primer pair R16mF2n/R16mR2 were sequenced
using the SANGER method by the
Macrogen Europe (Netherlands). The sequences obtained
were aligned and edited using Geneious prime software
version 2024.0.5 and subjected to a similarity search using
the BLAST algorithm in the NCBI database Altschul et al.
(1990) in GenBank (https://blast.ncbi.nlm.nih.gov). A
maximum likelihood (ML) phylogenetic tree was
constructed using Geneious prime 2024.0.5 software and
edited using V13

subcontractor

Fig Tree
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(http://tree.bio.ed.ac.uk/software/figtree/).
STATISTICAL ANALYSIS

One-way analysis of variance (ANOVA I) was performed
using R software to compare the mean prevalence of the
symptoms. Another analysis with one classification
criterion was performed to compare the mean severity
between symptoms.
resulting from the analyses between the means of the
prevalence and the severity, at the 5% threshold a Fisher
LSD test was performed to constitute the homogeneous

For any significant difference

groups.
RESULTS

Symptoms observed: A variety of symptoms was
observed in symptomatic papaya trees in the visited
plantations. These symptoms can be grouped into two
main types: changes in leaf color and deformation of
plant organs. Changes in leaf color included mosaic
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patterns, chlorosis, yellowing, leaf blanching, and
chlorotic spots. Regarding organ deformation, it was
particularly manifested by leaf crumpling. In addition to
these two types, combinations of symptoms (i.e, an
association of discoloration and deformation) were
observed on the leaves of papaya trees.

The two types of symptoms were observed, namely
changes in color and organ deformations, exhibit
different forms of symptoms. Changes in leaf color were
characterized by alternating yellow and green areas,
which are typical of mosaic patterns (Figure 1D); some
leaves turned completely yellow (Figure 1A) while others
became white (Figure 1B). Some leaves showed yellow
spots (Figure 1E). Regarding deformation, the leaves
exhibited a crinkled appearance or showed blisters and
swellings (Figure 1F). As for the symptom complexes, six
(6) forms were observed:

Figure 1. Unique symptoms observed on papaya leaves
A:Yellowing; B: Blanching; C: Chlorosis; D: Mosaic; E: Chlorotic spots; F: embossing
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An association of Shoestring, Embossing, Mosaic, and
Curling (SGMR): the leaves had a spoon-like appearance
with a reduction in leaf surface area and alternating green
variegation (Figure 2G); an association of Embossing,
Curling, and Shoestring (GRS): the crinkled leaves had a
spoon-like appearance with a reduced leaf surface area
(Figure 2K); an association of Shoestring and Curling (SR):
the leaves were spoon-shaped and the leaf surface area was

DOI: 10.33866/phytopathol.036.02.1207

reduced (Figure 2]). An association of Embossing, leaf edge
curling, and Shoestring (GAS): the edges of the crinkled
leaves were turned downward, in addition to a reduction in
leaf surface area (Figure 2I); an association of Embossing
and chlorotic spots (GT): presence of yellow spots on
crinkled leaves (Figure 2H); an association of Embossing
and yellowing: the leaves yellowed while maintaining a
crinkled appearance (Figure 2L).

Figure 2. Symptom complexes observed on papaya leaves
G: Shoestring - Embossing — Mosaic - Curling; H: Embossing - Chlorotic spots
I: Embossing - Leaf edge curling - Shoestring; J: Shoestring - Curling;

K: Embossing - Curling - Shoestring; L: Embossing - Yellowing

Geographic distribution of the observed symptoms:
Symptoms observed during this study on papaya leaves
were distributed variably across the different locations
studied. Regarding individual symptoms: Embossing and
yellowing were observed in all four locations. Mosaic was
observed in all locations except for the city of Tiassalé.
Chlorotic spots were also observed in all cities except
Adzopé. Chlorosis was observed only in Yamoussoukro.
Finally, leaf blanching was observed in just one location,
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which was the city of Adzopé (Table 1).

Symptom complexes were observed in only two out of the
four studied locality: Tiassalé and Agboville. All
complexes were found in Tiassalé except for the
Embossing and yellowing complex (G]). In Agboville,
three out of the six complexes were observed: Embossing,
leaf edge curling, and Shoestring (GAS); Embossing and
chlorotic spots (GT); and Embossing and yellowing (G])
(Table 1).
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Table 1. Distribution of observed symptoms
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Collection areas

Symptoms YAKRO TIA AGBO ADZ
Embossing + + + +
Mosaic + - + -
Yellowing + + + +
Chlorosis + - - +
Whitening - - -
Chlorotic spot + + + -
SGMR + - -
GRS - + - -
GAS - + + -
SR - + - -
GT - + + -
GJ. - + + -

a: Values with the same letter are statistically identical at the 5% threshold, according to the Kruskal Wallis test, H:
Kruskal Wallis value, P: Probability +: presence of the symptom; -: absence of the symptom; YAKRO: Yamoussoukro; TIA:
tiassalé; AGBO: agboville; ADZ: adzope. SGRM: Shoestring - embossing - mosaic - curling; GRS: embossing - curling -
shoestring; GAS: embossing - sagging sheet edges - shoestring; SR: shoestring - curling up; GT: embossing - chlorotic

stain; GJ embossing - yellowing

Prevalence of papaya leaf symptoms: Statistical
analysis revealed variation in symptom prevalence
depending on the locations. There was a significant
difference (p < 0.05) in symptom prevalence across
locations. The prevalence of observed symptoms
ranged from 1.85% to 60% depending on the location.
In Youkro, crinkling and chlorosis were the most

Table 2. Prevalence of symptoms observed in localities

prevalent, with an average of 30%. In Tiassalé,
chlorotic spots were the most common unique
symptom, with an average of 24.53%. Crinkling was the
most prevalent symptom in Agboville, with an average
of 20.83%. In Adzopé, yellowing recorded the highest
prevalence rate, with an average of 60%, and was
observed in all cities (Table 2).

Collection areas
Symptoms YAKRO TIA AGBO ADZ
Embossing 30+3.12a 23.15+2.23a 20.83 + 2.06a 15 +1.37a
Mosaic 3.33+1.07a 16.66 + 1.89a -
Yellowing 13.33+1.23a 1.85 + 0.20a 16.66 + 0.66a 60 +0.1a
Chlorosis 30+ 2.16a - -
Whitening - - 20 +£3.14a
Chlorotic spot 6.66 +1.70a 24.53 + 2.14a 12.5+1;60a -
SGMR - 13.33+2.12a - -
GRS - 6.66 + 1.56a - -
GAS - 16.38 £ 2.60a 8.33 £ 1.80a -
SR - 10.37 £ 1.90a - -
GT - 3.7+0.29a 16.66 £ 2.12a -
GJ. - 8.33 + 2.45a
H 4 6 2
P > 0.05 > 0.05 >0.05 > 0.05

a: Values with the same letter are statistically identical at the 5% threshold, according to the Kruskal Wallis test, H:

Kruskal Wallis value, P: Probability

-: absence of symptom; YAKRO: Yamoussoukro; TIA: tiassalé; AGBO: agboville; ADZ: adzope. SGRM: Shoestring -
embossing - mosaic - curling; GRS: embossing - curling - shoestring; GAS: embossing - sagging sheet edges -
shoestring; SR: shoestring - curling up; GT: embossing - chlorotic stain; G] embossing - yellowing

Severity of observed leaf symptoms: Various levels of
severity were observed on papaya leaves in the collection
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areas. These severities ranged from 1 to 4 for individual

symptoms and from 1 to 3 for symptom complexes. In
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Yamoussoukro, chlorosis was the most severe symptom,
with an average severity of 3. The Shoestring - Crinkling
- Curling - Mosaic complex was the most severe in
Tiassalé, with an average severity of 4. In Agboville, the

Table 3. Severity of symptoms observed in each locality
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Crinkling - Chlorotic spots complex was the most severe,
with an average severity of 4. In Adzopé, yellowing was
the most severe symptom, with an average severity of 4
(table 3).

Collection areas

Symptoms YAKRO TIA AGBO ADZ
Embossing 2+0.29a 2+0.28a 2+0.37a 2+0.11a
Mosaic 2+0.14a - 2+0.33a -
Yellowing 3+0.2a 2+0.1a 2 +0.66a 4+0.1a
Chlorosis 3+0.39 - - -
Whitening - - - 3+043a
Chlorotic spot 2 +0.46a 3+0.25a 2+0.25a -
SGMR - 4+0.13a - -
GRS - 4 +0.15a - -
GAS - 4 +0.26a 2+0.25a -
SR - 3+0.19a - -
GT - 3+0.06a 4+0.17a -
GJ. - - 2 +0.16a
H 4 7 7 2
P > 0.05 >0.05 > 0.05 > 0.05

a: Values with the same letter are statistically identical at the 5% threshold, according to the Kruskal Wallis test, H:

Kruskal Wallis value, P: Probability

-: absence of symptom; YAKRO: yamoussoukro; TIA: tiassalé; AGBO: agboville; ADZ: adzope. SGRM: Shoestring -
embossing - mosaic - curling; GRS: embossing - curling - shoestring; GAS: embossing - sagging sheet edges -
shoestring; SR: shoestring - curling up; GT: embossing - chlorotic stain; G] embossing - yellowing.

Identification of phytoplasmas associated with
observed symptoms: Characterization of
phytoplasmas using the primer pairs R16F2n/R16R2
allowed the amplification of DNA fragments
approximately 1200 bp in size (Figure 3) in 11 out of
38 symptomatic and asymptomatic samples tested,
representing 28,94%. This included both individual

symptoms and complexes tested. Only the complexes
Embossing - Curling - Shoestring, Embossing - Leaf
edge curling - Shoestring, and Shoestring -

Embossing - Mosaic - Curling reacted positively to the
Nested PCR performed with the R16F2n/R16R2
primer pair, based on PCR products from the P1/P7
primer pair (Figure 3).

1500 pb
500 pb

_/

Figure 3. Agarose gel (1%) electrophoresis of PCR products using the R16F2n/R16R2 primer pair from DNA of papaya
leaves M: 1Kb Plus Marker; 1 - 11: Samples; T: Negative Control (water); Pb: Base Pair
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Nested PCR conducted with the AkwaSR/GH813f
primer pair did not generate any DNA fragments,
demonstrating the absence of the phytoplasma
Candidatus Phytoplasma palmicola. This phytoplasma
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has been identified as responsible for lethal yellowing
of coconut palms in Ivory Coast, as well as
phytoplasma infections in cassava in Ivory Coast
(Figure 4).

10 11 12 T M

1500 pb
500 pb

Figure 4. Agarose gel (1%) electrophoresis of PCR products using the GH813f/AwkaSR primer pair from DNA of

papaya leaves

BLAST results revealed that the 16S rRNA gene
sequences of the phytoplasmas detected (PP820865;
PP820866; PP880867) by the Nested PCR with the
R16F2n/R16R2 primer pair shared over 99%

94,2%
96,5%
79.7%

3%

92,8%

88,1%

0.002

Figure 5.

sequence identity with *Candidatus Phytoplasma
asteris* (OL625608; PP754500), which has been
identified in papaya in China and coconut palms in
India (Figure 5).

AY180957_Aster_yellows_phytoplasma_165rl-L
AY034089_Cherry_little_leaf_phytoplasma_165rI-Q
HQ450211_Prunus_persica_phytoplasma_165rI-W
9% F1914650_Mexican_potato_purple_top_phytoplasma_16SrI-U
F1914642_Mexican_potato_purple_top_phytoplasma_16Srl-V
PP754500_Candidatus_Phytoplasma_asteris_16srl-B
PP820866_Candidatus_Phytoplasma_asteris_carica_papaya_ivory_coast_16Srl
o PP820865_Candidatus_Phytoplasma_asteris_carica_papaya_ivory_coast_165rl
PPB820867_Candidatus_Phytoplasma_asteris_carica_papaya_ivory_coast_16Srl
— OL625608_Carica_papaya_aster_yellows_phytoplasma_165rI-B
| —ES MH638316_\Vitis_vinifera_yellows_phytoplasma_165rl-B
MW578 284_Candidatus_Phytoplasma_asteris_165rI-B
KX691443_Waltheria_indica_witches-broom_phytoplasma_16Sri-S
JF781308_Papaya_bunchy_top_phytoplasma_165rI-X
AF222065_Clover_phyllody_phytoplasma_16SrI-C
HQ530151_Potato_purple_top_phytoplasma_165SrI-C
AY265206_Aster_yellows_phytoplasma_165r1-D
AF503568_Aster_yellows_phytoplasma_165r1-P
90,89 AF268405_Aster_yellows_phytoplasma_Q_165rI-0
86,4% L33760_Tomato_big_bug_phytoplasma_165rI-A
“RAY389827_Aster_yellows_phytoplasma_165rI-A
99,5% AY389828_Aster_yellows_phytoplasma_16SrI-A
EU123466_Brassica_napus_phytoplasma_165rI-A
U96616_Phytoplasma_sp._16SrI-K
70,89%. AY265211_Aster_yellows_phytoplasma_16Srl-F
EXSS?822_Blueberry_5tunt_phvto plasma_isolate_165rI-E
AY26521 3_Blueberry_stunt_phytoplasma_16Srl-E
AY265205_Aster_yellows_phytoplasma_165rI-N
AY725209_Potato_Brotes_big_bud_phytoplasma_16SrI-Z

Phylogenetic tree based on 16S rRNA gene sequences showing the genetic relationships between

phytoplasmas of subgroups 16Srl-A, B, C, D, E,E K, L, N, O, P, Q, U, V, W, and Z associated with phytoplasma

infections in various crops around the world.
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DISCUSSION

The diversity of symptoms observed on papaya leaves at
the different collection sites could be due to the presence
of one or more pathogens acting alone or in co-infection in
infected papayas in Ivory Coast. It should also be noted
that these symptoms are often associated with viruses,
which makes their distinction difficult. Unique symptoms
have also been observed by several authors who have
conducted research on phytoplasma diseases in papayas
(Duduk 2004 Arocha 2009). Recent work by Mejia de Los
(2014) on cassava has linked phytoplasmas to the
presence of mosaic, chlorosis, and the mosaic and
deformation complex. Additionally, some of these
symptoms have also been observed in papayas co-infected
with viruses and phytoplasmas in Cuba, as reported by
(Acosta-Pérez et al, 2017). Some studies have
demonstrated that when phytoplasmas enter the plant,
they localize in the phloem and multiply rapidly within
the conductive vessels, disrupting the normal flow of sap
(Cousin and Boudon 2002). This also affects the
photosynthetic mechanism by utilizing chlorophyll
pigments, which leads to leaf discoloration.

Statistical analysis of prevalence showed no significant
difference between symptoms across cities. The
appearance of symptoms varied from one locality to
another, with prevalence rates ranging from 1.83% to
60%. These prevalence rates could be explained by the
presence of one or more phytoplasmas in the leaf
samples, (2004) reported that
phytoplasma attacks in papaya orchards can lead to
incidence levels as high as 75%. Some symptoms were

as Ventura et al

observed only in specific locations: blanching was noted
exclusively in Adzopé, and the complexes Shoestring -
Crinkling - Mosaic - Curling; Crinkling - Curling -
Shoestring; Crinkling - Leaf edge curling - Shoestring;
and Shoestring - Curling were observed only in Tiassalé.
The uneven distribution of symptoms may be attributed
to the presence of different pathogen strains depending
on the collection areas. These symptoms have been
associated with the presence of phytoplasmas in various
crops, including coconut palms, vines, and papayas, as
reported by several authors (Yaima et al, 2009; Chrystel
etal, 2011; Ouattara et al, 2022; Atiq et al,, 2022).

Additionally, statistical analysis of the average severity of
symptoms in each city showed no significant difference
between the mean severities. However, severities varied
from 2 to 4. This variation in symptom expression could
be attributed to the nature of the host-pathogen
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relationship. Differences may also be linked to factors such
as the virulence of pathogen strains, environmental
conditions, and the genetic variability of the host.
Symptom complexes were the most severe, with average
severities ranging from 3 to 4 in each locality where they
were observed. The high severity of these symptom
complexes may be due to the virulence of the pathogen
strain responsible for these symptoms (Owor et al,
2004). This could also be explained by the presence of
multiple pathogens or strains of phytoplasmas acting in
co-infection, or by a high presence of vector insects in
localities exhibiting symptom complexes.

The characterization of phytoplasmas using the
GH813f/AwkaSR primer pair, specific to « Candidatus
Phytoplasma palmicola », did not detect its presence in
the tested leaf samples. It should be noted that
*Candidatus Phytoplasma palmicola*, responsible for
lethal yellowing of coconut palms, is the only phytoplasma
identified so far in Ivory Coast in coconut palms and
cassava, which are two different crop families (Ouattara
et al, 2022; Acosta-Pérez et al, 2017). The absence of «
Candidatus Phytoplasma palmicola » in the tested leaf
samples could further confirm the presence of another
phytoplasma or multiple phytoplasmas in papayas in
Ivory Coast.

The primer pair R16F2n/R16R2 is specific for detecting
phytoplasmas. Using these primers allows for the
amplification of a conserved region of the 16S rRNA gene
of phytoplasmas. Characterization of phytoplasmas with
the R16F2n/R16R2 primer pair confirmed the presence
of phytoplasmas in the collected leaf samples. Sequencing
and BLAST analysis of the obtained sequences identified
the presence of « Candidatus phytoplasma asteris », a
phytoplasma ofthe 16SrI-B subgroup, associated with the
observed symptoms in papaya (Shad et al, 2023; Atiq et
al, 2023). This phytoplasma was also identified in papaya
orchards in China with similar symptoms (Yu et al, 2021;
Shad et al, 2024). The same symptoms observed in
papaya orchards in Ivory Coast have always been
associated with the presence of viruses (Diallo et al,
2008). This is therefore the first report that phytoplasmas
of the 16SrI-B subgroup infect papaya trees in Ivory
Coast. This result could likely be due to a high
concentration of phytoplasmas in these samples, which
aligns with the hypothesis of a high presence of the
pathogen indicated by elevated severity averages. The
absence of amplicons in other samples showing
symptoms associated with phytoplasmas, as reported by
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several authors, might be due to the pathogen being
present in the plant at low concentrations (Marcone
2010; Usman et al, 2024). Additionally, phytoplasmas are
mobile, and their localization within the plant can vary
depending on the season (Lherminier et al,1994). The
failure of PCR is not an indication of the absence of other
fastidious prokaryotes and there may still be a latent
infection in low titers (De Silva et al, 2023).
Phytoplasmas are mobile within the plant and can
concentrate at varying levels depending on the seasons.
This study was conducted over a limited period, which did
not allow for the observation of this seasonal variability. A
longitudinal study would provide a better understanding
of the dynamics of the infection.

CONCLUSION

This study revealed that symptoms associated with
phytoplasma diseases were observed on papayas in the
surveyed plantations. These symptoms include organ
deformation and discoloration, expressed in various
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