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Abstract

[ Objectives ] The paper was to detect and identify the phytoplasma of Cleome rutidosperma in areca palm yellow leaf disease

(YLD) field in Wenchang City, Hainan Province, China. [ Methods] The nested PCR technique was employed to amplify the phytoplasma

16S rDNA of C. rutidosperma samples, followed by sequence analysis. Concurrently, this study examined C. rutidosperma in YLD field, col-

lecting symptomatic leaves for phytoplasma detection. [ Results] The 16S rDNA sequence of the C. rutidosperma witches’-broom phytoplasma

was found to be identical to that of the HNWCS5 strain associated with areca palm yellows phytoplasma, leading to the identification of this phy-

toplasma as belonging to the 16SrII-A subgroup. Field investigations revealed a higher incidence of C. rutidosperma in areca palm fields, with

symptoms of leaf yellows observed in six of these fields. Quantitative PCR (qPCR) analysis confirmed the presence of phytoplasma infection in

these instances. [ Conclusions ] Through the analysis of geographical distribution, sequence alignment, and field occurrence data, a significant

correlation has been identified between witches’ broom disease and YLD. It is proposed that the former may act as an intermediate host for the

areca palm yellows phytoplasma.
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1 Introduction

Areca palm yellow leaf disease (YLD) is a severe condition resul-
ting from phytoplasma infection. In the initial stages of infection,
the lower leaf tips of the areca palm plant exhibit yellowing. As
the disease progresses to the intermediate stage, the crown of the
tree begins to shrink. Ultimately, in the late stage, the condition
leads to a characteristic bunchy top appearance and culminates in
the death of the plant. In 2008, it was reported that the disease
impacted several cities and counties, including Qionghai, Wan-
ning, Lingshui, Qiongzhong, Sanya, Ledong, and Baoting, with
the affected area exceeding 2 000 hm®. By early 2021, the disease
had disseminated to 18 cities and counties in Hainan Province,
with the total affected area surpassing 32 102. 38 hm’. This figure
represents 27. 89% of the total cultivation area of areca palm in
the province, with a notably high incidence concentrated primarily

. . 12
in the central and eastern regions of Hainan'' ~*'

. Currently, the
incidence of YLD in areca palm field ranges from 10% to 30% .
In severely affected areas, this incidence can reach as high as
90% , leading to a reduction in production of 70% —80% , and in

" According to

some cases, complete cessation of production
preliminary statistics, the annual economic loss attributed to
YLD exceeds 2 billion yuan, significantly impacting farmers’ ef-
forts in poverty alleviation and the overall development of the rural
economy .

Phytoplasma is a type of obligate pathogenic bacterium that

parasitizes the phloem cells of plants. It is primarily transmitted by
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phloem-feeding insects, including leathoppers, planthoppers, and
psyllids™ ™’ Currently, it has been reported that the vector insect
responsible for YLD in India is Proutista moesta Westwood,
whereas the vector insect associated with YLD in China is Icerya
seychellarum'"**' . Phytoplasma exhibits a broad host range, with
phytoplasma-related diseases being particularly prevalent in tem-
perate and tropical regions. These pathogens have been documen-

81 Phytoplasma-infected

ted to infect over 1 000 plant species'’
plants encompass a variety of categories, including food crops,
fruit trees, vegetables, forage crops, and weeds, which collective-
ly result in substantial economic losses”” ™"’ .

Cleome rutidosperma DC. is an annual herb that belongs to
the genus Cleome within the family Cleomaceae. This species is
primarily distributed across Singapore, Malaysia, Indonesia, and
other regions of Southeast Asia, as well as in the Chinese prov-
inces of Guangdong, Guangxi, Fujian, Yunnan, and Hainan. It
has been introduced to China as an ornamental plant and is classi-

[14]

fied as a low-risk invasive species C. rutidosperma possesses

significant potential value in both medicinal applications and eco-

151 Furthermore, it is frequently encoun-

logical conservation
tered as a common weed in areca palm field. In October 2022, the
research team identified a significant area of C. rutidosperma leav-
es exhibiting symptoms including witches’-broom, yellowing, and
little leaf within the YLD field located in Wenchang City, Hainan
Province, China. It is hypothesized that these symptoms may be at-
tributed to a phytoplasma infection, suggesting a potential correla-
tion between YLD and the observed symptoms in C. rutidosperma.
Consequently, a molecular technique was employed to clone the 16S
rDNA of phytoplasma from a sample of C. rutidosperma. This cloned
sequence was subsequently compared with the phytoplasma associat-
ed with YLD. Furthermore, we examined the prevalence of C. ru-

tidosperma in areca palm field in Wenchang, Qionghai, and Wan-
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ning, Hainan, and collected symptomatic leaves for phytoplasma de-
tection. This study offers a theoretical foundation for research on the

disease cycle and the prevention and control of YLD.

2 Materials and methods

2.1 Materials

2.1.1 Test materials. The C. rutidosperma witches’-broom sam-
ples were collected from the YLD field in Wenchang, Hainan,
while the healthy samples were obtained from the field in the same
region. A total of three samples from each category were collected
and subsequently stored at —20 “C for future analysis.

2.1.2 Main agents. The 2 x Tag PCR Mix, plant genome DNA
extraction kit, and DNA purification recycling kit were procured
from Tiangen Company. The pMD18-T vector was obtained from
TaKaRa, while the DHS5a competent cells were acquired from
Shanghai Weidi Biotechnology Co. , Ltd. The primary instruments
utilized in this study included the WB100-2 constant temperature
water bath, the 5810R centrifuge, the KZ-5F-3D high-speed and
low-temperature tissue grinding instrument, and the Biometra
TOne 96G PCR instrument.

2.2 Methods

2.2.1 Extraction of total DNA from leaves of C. rutidosperma.
According to the instructions provided with the plant genomic DNA
extraction kit, sample processing and DNA extraction were con-
ducted in accordance with the specified protocols. The extracted
DNA was subsequently stored at —20 °C for future use.

2.2.2 PCR amplification of phytoplasma 16S rDNA. The nested
PCR method was utilized for amplification, employing DNA from
C. rutidosperma witches’-broom as the template. DNA extracted
from healthy plants served as a negative control, while ddH,O was
used as a blank control. The initial step of nested PCR amplifica-
tion of the phytoplasma 16S rDNA gene involved the use of primers
P1/P7, as designed by Schneider et al. ""*'. The subsequent step
employed primers R16F2n/R2, which were developed by Gun-
dersen et al. '), for the amplification of the same gene. The se-
quence of primers utilized in this study is presented in Table 1 and
was synthesized by Sangon Biotech ( Shanghai) Co., Lid. The
amplification reaction system consisted of 12.5 L of 2 x Tag PCR
Mix, 8.5 pL of ddH,0, 1.0 uL of upstream and downstream
primers (10 pmol/L), and 2.0 pL of DNA template. The proce-
dure for the amplification reaction was conducted as follows: pre-
denaturation at 95 °C for 5 min, denaturation at 95 °C for 45 sec,
annealing at the specific temperatures for each primer as indicated
in Table 1 for 45 sec, and extension at 72 °C, with the duration
calculated at a rate of 1 kb/min of amplification length. The am-
plified products were visualized using UV imaging following 1%
agarose gel electrophoresis.

2.2.3 Recovery and purification, target gene cloning and se-
quencing of PCR products. DNA purification and recovery kit was
utilized to recover and purify the target band in accordance with
the provided instructions. Subsequently, the target fragment was
ligated to the pMDI18-T vector following the manufacturer’s guide-

Table 1 Information of primers used in this study

Primer Sequence(5'3") F‘ragment Annealing
name size // bp temperature // <
P1 AAGAGTTTGATCCTGGCTCAGGATT 1 800 48

P7 CGTCCTTCATCGGCTCTT

R16F2n  GAAACGACTGCTAAGACT 1200 55
R16R2  TGACGGGCGGTGTGTACAAACCCCG

lines. The recombinant plasmid was then introduced into DH5a
competent cells following the specified protocol, and the cells were
cultured at 37 °C on LB medium supplemented with ampicillin
(Amp). Individual colonies were isolated and confirmed through
colony PCR, and the positive bacterial cultures were subsequently
sent to Shenzhen BGI Genomics Co. , Lid. for sequencing.
2.2.4 Sequence analysis of 16S rDNA and construction of phylo-
genetic tree. The target fragment underwent homologous retrieval
of phytoplasma utilizing the BLASTn online tool available on the
NCBI website ( https://www. ncbi. nlm. nih. gov/) to determine
its association with phytoplasma. The 16S rDNA gene sequences
corresponding to each group or subgroup of phytoplasma were re-
trieved from the GenBank database. These sequences were subse-
quently compared with the target fragment using DNAMAN soft-
ware to conduct a preliminary assessment of the classification sta-
tus of the phytoplasma. Additionally, the target fragment was up-
loaded to the GenBank database. Using MEGA 7.0 software and
the maximum likelihood method (ML) , a bootstrap value of 1 000
was established to construct a phylogenetic tree based on the 168
rDNA gene sequences. Additionally, an analysis was conducted to
examine the correlation between the C. rutidosperma witches’-
broom phytoplasma and the areca palm yellows phytoplasma.
2.2.5 Occurrence of C. rutidosperma in areca palm field and
detection of its phytoplasma. The survey was conducted in October
2023, focusing on three cities and counties in the eastern part of
Hainan; Wenchang, Qionghai, and Wanning, which are primarily
engaged in the cultivation of areca palm. In Wenchang, the inves-
tigation encompassed four sites located in Zhongxing, Tanniu,
Penglai, and Wencheng towns. In Qionghai, four sites were exam-
ined in Wanquan, Tayang, Jiaji, and Changpo towns. Similarly,
in Wanning, the survey covered four locations in Xinglong, Long-
gun, Shangen, and Wancheng towns. A random inspection was
conducted to investigate five areca palm fields exhibiting yellowing
symptoms across each township. The longitude and latitude of
each location were recorded, along with the yellowing rate of
YLD. Additionally, statistical analyses were performed to assess
the occurrence and incidence of C. rutidosperma in the areca palm
fields. Samples displaying symptoms were collected for DNA ex-
traction, and these samples were subsequently analyzed using a
general quantitative polymerase chain reaction (qPCR) detection

method for phytoplasma"™” .

Occurrence ratio of C. rutidosperma
= Frequency of occurrence of C. rutidosperma /Total number of
areca palm fields under investigation. Incidence ratio of C. rutido-
sperma = Number of areca palm fields exhibiting diseased C. ru-
tidosperma /Total number of areca palm fields under investigation.
Detection rate of phytoplasma = Positive rate of phytoplasma de-

tection/Total number of detections x 100% .
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3 Results and analysis

3.1 Symptoms of infected C. rutidosperma The infected
C. rutidosperma plants were identified in a YLD park in
Wencheng Town, Wenchang City, Hainan Province (19°33'9" N,
110°48'5" E).

30 m” and exhibited a pattern of consecutive lesions. In compari-

The affected area encompassed approximately

son to healthy specimens, the infected plants displayed character-
istic witches’-broom symptoms, including shortened stem segments
and dense clumping, along with leaf yellowing and reduction in
leaf size, resulting in a more slender growth form (Fig.1).

NOTE A -B. Symptoms of diseased plants; C. Healthy plants in the
field.
Fig.1 Symptoms of diseased plants of Cleome rutidosperma

3.2 PCR amplification The products of PCR amplification
were subjected to analysis via agarose gel electrophoresis. As il-
lustrated in Fig. 2, the amplification band corresponding to the
16S rDNA gene measured approximately 1 200 bp. Furthermore,
no amplification bands were observed in the negative control and
blank control, indicating that the PCR amplification system was
free from contamination and that the size of the 16S tDNA gene
fragment met the expected criteria. Preliminary assessments sug-
gest that the pathogenic symptoms observed in C. rutidosperma are
attributable to phytoplasma infection, and the strain has been pro-
visionally designated as C. rutidosperma witches’-broom phytoplas-
ma Hainan strain.

2 000 bp

1 000 bp
750 bp
500 bp

250 bp

100 bp

NOTE M. DI2000 DNA Marker; 1 —3. Cleome rutidosperma witches’-
broom samples; 4. Negative control; 5. Blank control.
Fig.2 The results of 16S rDNA amplification products by gel elec-
trophoresis

3.3 Sequence analysis of 16S rDNA gene The target frag-
ment was successfully cloned and sequenced, yielding 1 248 bp of
16S rDNA gene fragment ( GenBank No. . PP780014). The 16S
rDNA sequences obtained from the three samples exhibited consis-
tency. BLASTn analysis conducted to retrieve the target fragment

sequence from the NCBI website indicated that the 16S rDNA of

C. rutidosperma witches’-broom phytoplasma exhibited a similarity
of over 99.68% to the 16S rDNA of the 16SrIl group phytoplasma
across 100 sequences. The 16S rDNA gene sequences of the
C. rutidosperma witches’-broom phytoplasma were analyzed and
compared with those of various phytoplasma groups and subgroups.
The findings indicated that the 16S rDNA of the C. rutidosperma
witches’-broom phytoplasma exhibited 100% similarity to that of
the areca palm yellows phytoplasma HNWCS5 strain, which belongs
to the 16SrII-A subgroup (GenBank No. : 0Q586072). Further-
more, the similarity with the cotton phyllody phytoplasma ( Gen-
Bank No. ;: EF186827) and the candidatus phytoplasma aurantifo-
lia ( GenBank No. : U15442), both classified within the 16Srll
group, was found to be greater than 97.92%. In contrast, the
similarity with other phytoplasma groups was comparatively low,
remaining below 92.04% (Table 2). The phylogenetic tree of the
16S rDNA gene of C. rutidosperma witches’-broom phytoplasma
was constructed using the maximum likelihood method implemen-
ted in MEGA 7.0 software. As illustrated in Fig. 3, the evolution-
ary tree of the 16S rDNA gene demonstrates that the C. rutidosper-
ma witches’-broom phytoplasma and members of the 16SrIl group
occupy a distinet branch. The bootstrap support value of 100 indi-
cates a strong phylogenetic relationship between the C. rutidosper-
ma witches’-broom phytoplasma and the members of the 16Srll
group. C. rutidosperma phytoplasma was found to cluster and
branch independently from the areca palm yellows phytoplasma,
with a support value of 100. This finding indicated that C. rutido-
sperma phytoplasma was the closest relative to the areca palm
yellows phytoplasma (Fig.3). The known areca palm yellows phy-
toplasma HNWCS strain is classified within the 16SrlI-A subgroup
of phytoplasmas'®"’. Thus, based on gene sequence comparison a-
nalysis, the C. rutidosperma witches’-broom phytoplasma is also
categorized within the 16SrlI-A subgroup of phytoplasmas.

3.4 Investigation on occurrence of C. rutidosperma in areca
palm field and detection of its phytoplasma A comprehensive
investigation was conducted on a total of 60 areca palm fields
across three cities and counties, which represent the primary lo-
cations for areca palm cultivation in Hainan Province. As illus-
trated in Table 3, the occurrence rate of C. rutidosperma was re-
corded at 34 out of 60 in the areca palm fields of each township
surveyed. This finding indicates a higher probability of occur-
rence for C. rutidosperma within the areca palm fields. In the
study involving 60 areca palm fields, only 6 exhibited symptoms
of yellowing, characterized by the yellowing of leaf tissue while
the veins remained green. The severity of these symptoms ob-
served during the field investigation was less pronounced than
that associated with witches’-broom yellowing, as identified in the
study ( Fig. 4). The presence of phytoplasma was confirmed
through gPCR analysis. All samples exhibiting symptoms tested
positive for phytoplasma, thereby indicating an infection. Howev-
er, the concentration of phytoplasma detected by qPCR was found
to be low (Fig.5).
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Table 2 Comparison of 16S rDNA gene similarity between Cleome rutidosperma witches’-broom phytoplasma and members of phytoplasma groups

Phytoplasma name Strain Host Geographical origin ~ Classification ~ GenBank accession No. Similarity // %
Areca palm yellows phytoplasma HNWCS Areca catechu China 16SrlI-A 00586072 100. 00
Cotton phyllody phytoplasma CoP Gossypium spp. Burkina Faso 16Sr11-C EF186827 98.16
Candidatus phytoplasma aurantifolia =~ WBDL Citrus X limon * 16Srl1-B U15442 97.92
Peach X-disease phytoplasma BF Catharanthus roseus USA 16SrIII-A HQ589203 92.04
Almond witches’-broom phytoplasma ~ AlmWB-P1 Prunus persica Lebanon 16SrIX-D AF455040 90.93
Aster yellows phytoplasma AY-WB Callistephus chinensts * 16Srl-A AY389828 90.42
Elm yellows phytoplasma EY1 Ulmus pumila * 16SrV-A AY197655 90.28
Brinjal little leaf phytoplasma BLL16 Solanum melongena India 16SrVI-A MW273754 90.91
Periwinkle virescence phytoplasma MaPV Catharanthus roseus Malaysian 6SrXXXIT EU371934 91.12
NOTE " =" signifies the absence of corresponding information.
Elm yellows phytoplasma (165¢V-4) (AY197655)
andidatss Phytoplasma tifolii (165:VI-A) ( AY390261) 225 ¢
Ash yellows phytoplasma (16SrVII-A) ( AF092209) 2.00 F
Malaysian periwinkle virescence phytoplasma (16SEXICKI) (EU371934) = 175
andidams castanea (16SEXIX-A) ( ABOSI96) g . i
n ‘grass white leaf phytoplasma (16SEXIV-A) ( AT550984) - 1.50 F
s datus Ph pruni (16SFII1-A) (JQ044393) S 195 F
s L
* Cleome rutid hes-br isalate HN-Crl (PP780014) 2 100k
Too1 Areca palm yellows phytoplasma (16SeIL-A) (OQS86072) o -
didat (165rX-A) ( AT542541) 2075 F
62 an us Ph mali rX-, —
98{_1 ddatus rhamni (16STXX-A4) (X76431) = 0.50 F
cedar b (165C50KX- ) (FJ432664) 0.25
99 fArecanut yellow leaf disease phytoplasma (1651-B) (KF728548) 0. 064 659
-Aster yellows phytoplasma (16SrI-A) (AY389828 ) 0 § I NN TN TN TN TN T TN [N NN TN S NN NN N S S T |

Mexican periwinkle virescence phytoplasma (16SrXIII-A) ( AF248960)
andidatus Phytoplasma americanum (16SFXVIILA) ( DQ174122)
‘andi datus Phytoplasma solani (16SrXII-A) ( AF248959)
Sandidatus graminis (16SrXVI-A) (AY725228)
92 andidatus caricae (16SAXVIL-A) ( AY725234)

—
00100

Fig.3 Phylogenetic tree based on 16S rRNA gene

Table 3 Investigation and phytoplasma detection results of Cleome rutid-

osperma
Gity/ County Township/  Proportion of Incidence o f]i)eht;:::;:sr?;ein
town occurrence rate .
diseased samples // %

Wenchang Zhongxing 1/5 0

Tanniu 1/5 0

Penglai 4/5 0

Wencheng 4/5 2/5 100
Qionghai Wanquan 4/5 2/5 100

Tayang 4/5 0

Jiaji 2/5 0

Changpo 3/5 1/5 100
Wanning Xinglong 3/5 1/5 100

Longgun 4/5 0

Shangen 3/5 0

Wancheng 1/5 0
Total 34/60 6/60 100

Fig.4 Field symptoms of Cleome rutidosperma in the survey

24 6 8 101214 16 1820 222426 2830 32 3436 3840 42 44
Cycle
NOTE The amplification curve suggests that the sample is positive for
the detection of phytoplasma.
Fig.5 Phytoplasma detection of diseased samples of Cleome rutido-
sperma

4 Discussion

Phytoplasma infections can significantly affect cash crops. A nota-
ble example is the coconut lethal yellowing disease, which is at-
tributed to phytoplasma infections from the 16Srl, 16SrIV,
16SrXI, 16SrXIV, 16SrXXII, and 16SrXXXII groups. This dis-
ease poses a severe threat to coconut cultivation. In Cote d’Ivoire
alone, it is estimated that 12 000 t of coconuts are lost each year
due to this disease, with an additional 7 000 hm® of coconut plan-
tations at risk ', Sugarcane white leaf disease, which is attribu-
ted to the infection by members of the phytoplasma 16SrXI group,
represents a significant quarantine concern. This disease poses a
serious threat to sugarcane cultivation in various Asian countries
and results in economic losses exceeding 20 million US dollars an-

nually in Thailand alone'”’

. Phytoplasma diseases not only under-
mine biodiversity but also represent a significant threat to the agri-
cultural economy; consequently, the implications for human activi-
ties should not be overlooked. The identification of phytoplasma is
crucial for the diagnosis of phytoplasma-related diseases. Current-
ly, the classification and identification of tentative species of phy-
toplasma primarily rely on the characteristics of the 16S rDNA gene
sequence, as well as variations in transmission vectors, host
plants, and molecular levels™. This study, utilizing 16S rDNA
sequence comparison analysis, identified the C. ruiidosperma
witches’-broom phytoplasma as a member of the 16SrlI-A sub-

group. This represents the first identification of a phytoplasma as-
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sociated with witches’-broom, yellows, and little leaf symptoms in
the current context. In 2020, C. rutidosperma witches’-broom dis-
ease was first reported in Taiwan, China, and was identified as an
infection by a member of the 16Srll-V subgroup of phyto-
plasmas'™’. This study aimed to compare the 16S rDNA sequences
of C. rutidosperma witches’-broom phytoplasma with those from
Taiwan, China ( GenBank No.: MN213634). The analysis re-
vealed a similarity of 99.68% , with the only variation occurring at
the upstream primer sequence position. In this study, the universal
primer R16F2n was utilized as the upstream primer. The 16S rD-
NA sequence of the C. rutidosperma witches’-broom phytoplasma
from Taiwan, China, was analyzed using virtual RFLP via the
iPhyClassifier online tool ™. The analysis revealed that the virtual
RFLP maps generated for 17 restriction enzymes were identical to
the reference maps for members of the 16SrII-A subgroup ( Gen-
Bank No. ; 133765), resulting in a similarity coefficient of 1.00.
In 2024, phyllody in C. rutidosperma was reported in Hainan,
China, and identified as an infection caused by a member of the
phytoplasma 16Sr1I-A subgroup'”’. The 16Sr DNA sequence ob-
tained in this study was found to be completely consistent with the
16Sr DNA sequence of the C. rutidosperma witches’-broom phyto-
plasma. This finding indicates that the symptoms of witches’-
broom, yellowing, little leaf, and phyllody observed in C. rutido-
sperma are attributable to phytoplasma infection.

Furthermore , the location of occurrence for the C. rutidosper-
ma witches’-broom phytoplasma identified in this study coincided
with that of the areca palm yellows phytoplasma belonging to the
16Srll group, as reported by the same research group in the same
In this study, it was determined that the 16S rDNA
sequence of the C. rutidosperma witches’-broom phytoplasma ex-

areca field™".

hibited 100% similarity to that of the areca palm yellows phyto-
plasma. Among the 60 yellows disease cases investigated, six are-
ca palm fields displayed yellowing symptoms of C. rutidosperma,
which were confirmed to be caused by phytoplasma infection.
However, due to the low concentration of the phytoplasma, molec-
ular identification through nested PCR amplification was not feasi-
ble. Consequently, based on the geographical location, sequence
analysis, and the incidence of the disease observed during field in-
vestigations, it is hypothesized that the C. rutidosperma witches’-
broom disease may be attributed to the infection by areca palm
yellows phytoplasma, which could serve as the intermediate host
for this pathogen. Currently, the pathogen inoculation technology
for YLD has not been developed. Consequently, this study was un-
able to identify intermediate hosts through inoculation, which will
be a significant focus in future research.

The diverse array of natural hosts for phytoplasma may facili-
tate its adaptation to various ecological niches and enhance the
transmission of associated diseases, thereby complicating efforts for
disease prevention and control . It has been reported that Pau-
lownia fortunei (Seem. ) Hemsl. infected with Paulownia witches’
broom (PaWB) harbors a phytoplasma that has been detected in
seven species of plants. The phytoplasma associated with infected
P. fortunei is classified within the 16StT-D subgroup'™’. This find-
ing suggests that these seven plant species may serve as intermedi-
ate hosts for the phytoplasma responsible for the witches’ broom

disease in P. fortunei. When Tang Yan'™' investigated the host
range of phytoplasma associated with jujube witches’ broom, the
16S rDNA sequences amplified from various plant species, inclu-
ding Prunus spp. , Ailanthus altissima (Mill. ) Swingle, Diospyros
kaki Thunb. , Vitex negundo var. heterophylla (Franch. ) Rehd. ,
Erigeron canadensis L. , and Ulmus pumila L. , exhibited 100%
similarity to those amplified from jujube. The homology with the
phytoplasma 16SrV-B subgroup was notably high, leading to the
conclusion that these six plant species may serve as potential field
hosts for the phytoplasma associated with jujube witches’ broom.
Brown et al. " identified 46 weed species within the park that ex-
hibited a high incidence of coconut lethal yellowing disease. The
findings indicated that the phytoplasma responsible for lethal yello-
wing in coconuts was detected in Cleome rutidosperma, Macroptili-
um lathyroides , and Stachytarpheta jamaicensis. It can be observed
that in areas with a high incidence of phytoplasma disease, the
same phytoplasma strain is frequently identified in adjacent plants.
Consequently, interrupting the disease cycle of phytoplasma is of
paramount importance for its prevention and management. In ad-
dressing the prevention and control of YLD, it is essential to en-
hance the detection and verification of phytoplasma in the interme-
diate hosts within the areca palm yellow disease-affected areas.
Furthermore, measures should be implemented to eliminate the
transmission pathways of the intermediate hosts associated with
YLD in order to mitigate the progression of this affliction.
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