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Abstract

Peanut (Arachis hypogaea L.) holds significant commercial and dietary importance as a major source of edible oil and protein
in Turkey. Stem, collar or root rot, caused by several fungal disease agent, are serious soil-borne diseases of peanut. Accurate
and precise identification of the disease agent provides fundamental and precise information for integrated plant management.
During the period from June to September 2021, symptoms consistent with collar rot disease, including dark-brown stem rot,
chlorotic leaves, wilting, and eventual whole plant death, were observed on peanut plants cultivated in the different districts
of Osmaniye Province of Turkey. The disease incidence ranged from 8.0 to 45.0% in the inspected fields with an average of
3.4% overall. Twenty-four single-spore representative isolates were obtained from surface-disinfected symptomatic tissues.
Morphological characteristics of fungal mycelium, conidial and pycnidial structures on potato sucrose agar (PSA) and water
agar (WA) closely resembled those described for Lasiodiplodia spp. All isolates caused typical collar rot symptoms upon
artificial inoculation of peanut seedlings. Morphological identification of Lasiodiplodia spp. isolates was corroborated by
MALDI-TOF and molecular analyses utilizing sequences from the internal transcribed spacer (ITS), p-tubulin 2 (fub2) and
translation elongation factor-1 alpha (TEFI-a) loci. Phylogenetic analysis confirmed that the representative fungal isolates
(MKUBK-B1 and MKUBK-K22) belong to Lasiodiplodia pseudotheobromae. To the best of our knowledge, this is the first
report of L. pseudotheobromae infecting peanut plants in Turkey. This work is expected to contribute to previously limited
knowledge regarding the host range, incidence and prevalence of L. pseudotheobromae as a soilborne pathogen of peanuts.
Due to the potential destructiveness and broad host range of this pathogen, it is essential to develop new strategies to establish
more reliable, environmentally sustainable, and cost-effective management approaches for this disease.
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Introduction

Peanut or groundnut (Arachis hypogaea L.) is a vital leg-
ume plant of immense agricultural, economic, and nutri-
tional significance. Peanut holds significant commercial
and dietary importance as a major source of edible oil
and protein on a global scale (Suchoszek-Lukaniuk et al.
2011). Globally, peanuts represent a major agricultural
crop, with significant production occurring in coun-
tries such as China, India, Nigeria and the United States
(FAO 2021). Over the past few decades, there has been
a notable 30% increase in global peanut production due
to burgeoning demand. Turkey holds a prominent posi-
tion in worldwide peanut cultivation, with a substantial
production of 468,334 tonnes covering 115,838 hectares
of cultivated land in 2021 (TUIK 2021). In particularly,
in the Eastern Mediterranean Region of Turkey, peanut
cultivation is widespread and contributes significantly
to the national economy (TUIK 2021). Osmaniye stands
out as one of the key peanut-growing provinces in the
region, producing 55,146 tonnes on 14,461 hectares of
cultivated area in 2021 (TUIK 2021). Although peanut
acreage increased in Turkey during last 10 year growing
season, total peanut production and yield is much lower
than other pioneering peanut-growing countries, such as
China, Egypt, Indonesia and USA (FAO 2021). This low
yield is believed mainly due to several abiotic (moisture
stress, lack of improved cultivars, low soil fertility content
and poor crop management practices) and biotic factors
such as fungal, bacterial and viral plant diseases of the
plants (Debele et al. 2023).

Plant diseases occurring during various stages of cul-
tivation, harvesting, processing, and transportation repre-
sent significant biotic constraints on global peanut cultiva-
tion worldwide (Minarni and Yuhendra 2019). Given their
close interaction with soil, particularly subsoil organs and
seed pods, peanut plants are highly susceptible to soil-
borne fungal agents. Soilborne fungal diseases in peanuts
cause significant losses in both plant health and yield.
Depending on factors such as crop variety, climate, and
environmental conditions, the total yield losses attributed
to soilborne diseases can reach 50% (Pal et al. 2014).
Owing to their genetic diversity, broad host range, and
resistant fungal structures within the soil, the commonly
used fungicides in peanut crops have demonstrated lim-
ited or no efficacy in disease control (Ahmad et al. 2019).
Fungal disease agents belonging to genera such as Asper-
gillus, Sclerotium, Sclerotinia, Fusarium, Rhizoctonia,
Macrophomina, Pythium, Verticillium, Rhizopus, Lasi-
odiplodia, and Mucor have been identified as major causal
agents of peanut diseases in various countries (Akgul et al.
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2011; Thiessen and Woodward 2012; Liu et al. 2016; Sun
et al. 2021; Debele et al. 2023; Wang et al. 2023a).

The similarity in symptoms manifested on roots and
stems poses challenges in accurately identifying soilborne
fungal disease agents. The occurrence of new fungal disease
species is contingent on environmental factors and the cul-
tivar used. Thus, the precise identification of causal disease
agents is of paramount importance. Accurate identification
of disease agents provides fundamental and precise informa-
tion for integrated plant management. Among the soilborne
fungal disease agents, Aspergillus niger, Sclerotium rolfsii,
and Sclerotinia sclerotiorum are the primary causal agents
of root, collar, and stem rot in peanuts, worldwide (Akgul
et al. 2011; Liu et al. 2016; Jogi et al. 2018; Jacob et al.
2018; Gudu et al. 2020). Additionally, stem or crown rot
caused by Lasiodiplodia spp. has been reported to occur in
peanut plants cultivated in various countries (Phipps and
Porter 1988; Wang et al. 2017, 2023a; Zhang et al. 2022).

Recent disease surveys conducted in the Osmaniye Prov-
ince have noted the presence of different fungal species
causing collar or stem rot in peanut plants, in addition to
common root rot disease agents. The aim of this study was to
isolate and identify potential causal agent(s) of peanut collar
rot disease in infested peanut fields located in the Osmaniye
Province of Turkey.

Materials and methods
Field surveys and plant sampling

Peanut collar rot symptoms were observed, and dis-
eased peanut plant samples (n=65) were collected
from a total of 95 peanut fields in Kadirli (37°21'17.5"N
36°02'05.6"E), Merkez (37°07'12.8"N 36°11'21.0"E), Sum-
bas (37°26'38.2"N 36°00'31.4"E), Bahge (37°12'03.3"N
36°35'54.6"E), Diizi¢i (37°14'55.1"N 36°24'51.6"E),
and Toprakkale (37°04'36.8"N 36°09'21.4"E) districts of
Osmaniye Province, Turkey, from th June to September
2021. Disease prevalence was recorded as the percentage of
crown rot affected groundnut fields observed relative to the
total number of field examined, whereas disease incidence
was determined by calculating the proportion of diseased
plants observed relative to the total number of plants exam-
ined in each field.

Morphological characterisation of fungal isolates

To isolate the fungal agents from the affected groundnut
plants, the stems and roots were thoroughly washed under
running tap water. Plant parts containing necrotic and intact
tissues (5 mm?) were excised from the lesion edges. These
tissue samples were surface-disinfected in 2% NaClO for
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2 min, followed by two rinses in sterile distilled water.
Subsequently, the samples were air-dried on sterile blot-
ting papers. Disinfected plant tissue pieces from each plant
sample were plated on PSA (potato sucrose agar) supple-
mented with streptomycin sulfate (50 pug ml~!). The plates
were incubated at 25+ 1 °C for 5 days in the dark. Fungal
colonies that were morphologically similar were subcultured
onto new PSA plates to obtain pure cultures. Further purifi-
cation was achieved by transferring hyphal tips from 5 day-
old cultures to obtain a single-spore culture. These isolates
were preserved on PSA plates at 4+ 1 °C for subsequent
morphological and molecular analyses (Soylu et al. 2023).
To induce sporulation, pure cultures were transferred
onto 2% water agar (WA) to promote the development of
morphological structures such as pycnidia and conidia on
the media. Thin sections of sterilized Cogon grass leaves
(Imperata cylindrica) were placed on the surfaces of WAs
adjacent to the mycelial discs to facilitate pycnidial and
conidial formation (Pipattanapuckdee et al. 2019). Following
the formation of fungal structures on WA, the morphology
of the conidiogenous cells, paraphyses, and conidia (mature
and immature) were observed and their dimensions (n=150)
were measured under a light microscope equipped with a
Nomarski DIC attachment (Olympus BX51, Japan).

Identification of fungal isolates by molecular
and MALDI-TOF analysis

The fungal isolates were identified using a MALDI-TOF
Biotyper (Matrix-assisted Laser Desorption Ionisation-Time
of Flight Mass Spectrometry, Bruker Daltonics, Bremen,
Germany) The fungal isolates were cultured in sterile PSB
(potato sucrose broth) supplemented with streptomycin sul-
fate (50 ug ml1™!) for 72 h. Representative isolates in the
PSB were suspended in 900 pl of absolute ethanol and cen-
trifuged at 13,000g for 2 min after which mycelial masses
(300 pl) were obtained. The resulting supernatant was dis-
carded, and the pellet was left to air-dry. The remaining
pellet, approximately 20 mg in weight, was suspended in
50 pl of 70% formic acid. Then, 50 pl of acetonitrile was
added. The resulting mixture underwent brief vortexing and
was subsequently centrifuged at 13,000 g for 2 min. A 1 pl
volume of the supernatant was deposited onto a steel target
plate (Bruker Daltonics) and dried at room temperature. The
samples were overlaid with 2 pl of matrix solution and air-
dried at room temperature. Biotyper Real-Time Classifica-
tion (RTC) software (Biotyper 3.0; Microflex LT; Bruker
Daltonics) was used to identify all the isolates at the species
level (Ferreira et al. 2011).

The fungal isolates were identified molecularly by
sequencing three genetic loci: the internal transcribed
spacer (ITS) rtDNA, the translation elongation factor-1 alpha
(TEFI-a), and the p-tubulin 2 (tub2) gene. Genomic DNA of

representative isolates was extracted from 7-day-old aerial
mycelium of pure cultures using the DNeasy Plant Mini Kit
(Qiagen, Hilden, Germany). The ITS, tub2, and TEFI-a
loci of fungal isolates were amplified and sequenced using
the primer sets ITS4/ITSS, Bt2a/Bt2b, and EF1-688F/EF1-
1251R, respectively (White et al. 1990; Glass and Donaldson
1995; Alves et al. 2008). The consensus sequences obtained
for the ITS, tub2 and TEF1-a loci of the MKUBK-B1 and
MKUBK-K?22 isolates were deposited in the NCBI Gen-
Bank database. Taxonomic classification and analysis were
conducted using various species obtained from the NCBI
GenBank database. Molecular Evolutionary Genetic Analy-
sis (MEGA 11) software was used to construct the phyloge-
netic tree. A phylogenetic tree was constructed utilizing the
maximum likelihood method, and bootstrap testing was per-
formed with 1,000 replicates following the method described
by Tamura et al. (2021).

Pathogenicity tests

All fungal isolates (n=24) were subjected to pathogenicity
tests by inoculating stems of 3-week-old peanut plants (cv.
NC?7) via artificial inoculation. The inoculation sites were
initially surface sterilized by wiping with 70% ethyl alcohol.
Mycelial plugs, cut from the margin of fresh colonies, were
applied onto wounds at the base of healthy peanut seed-
ling stems and wrapped with Parafilm (Zhang et al. 2022).
For each isolate, four healthy seedlings were used. Control
seedlings (n=4) were inoculated with sterile PSA plugs.
All inoculated plants were incubated in a growth chamber
at a temperature of 26 +2 °C, with a 12-h photoperiod and
80% humidity up to 14 days. For each isolate, daily inspec-
tions were carried out on the inoculated seedlings to record
disease symptoms at the inoculation sites. The pathogenicity
test was repeated, and fungal isolates were subsequently re-
isolated from the inoculated seedlings.

Results
Disease surveys for fungal isolates

Between June and September 2021, in addition to three
major soilborne fungal pathogens S. rolfsii, A. niger and
R. solani, the presence of new fungal species causing
collar or stem rot in peanut plants was observed in sur-
veyed fields (n =95) across the Kadirli, Merkez, Sumbas,
Bahce, Diizici, and Toprakkale districts of Osmaniye
Province, Turkey. The initial disease symptoms included
the appearance of necrotic spots that developed into dis-
coloured necrotic lesions, primarily at the base of peanut
plant stems (collar). As the disease progresses, symptoms
such as dark-brown stem rot, chlorotic leaves, wilting,
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Fig. 1 Collar rot caused by
Lasiodiplodia pseudothe-
obromae on peanut plants. a
Severely affected plant showing
stem rot, chlorotic leaves,
wilting, and eventual whole
plant death (arrow). b Fungal
culture on potato sucrose agar
after 7 days of incubation. ¢
and d Sporulation induced on
2%water agar overlaid with
sterilized Cogon grass leaves
(arrow). Dark brown to black
conidiomata were observed on
the surface of the grass leaf
(arrow)

and eventual whole-plant death are frequently observed in
affected plants in the field (Fig. 1a). Among the surveyed
districts, the highest disease prevalence was recorded for
the Kadirli district with 34.38%, followed by Sumbas and
Bahge districts with 33.33%, Toprakkale district with
28.57%, Merkez district with 24.14%, and Diizigi district
with 16.67%, respectively (Table 1). The incidence ratio
of the disease in the surveyed fields, where the diseased
plants were recorded, ranged from 8.0 to 45.0% with an
average of 4.19% overall.

Isolation, morphological characterisation
and pathogenicity of fungal isolates

The fungal pathogen was initially isolated on PSA and incu-
bated at room temperature to observe colony characteristics.
All isolates exhibited dense, fluffy, initially grayish-white
aerial mycelia that later turned into pale gray colonies on
PSA after 10-14 days of incubation (Fig. 1b). Since fun-
gal isolates did not sporulate easily on PSA nutrient media,
fungal cultures were transferred onto 2% WA overlaid with

Table 1 Disease prevalence

. N . Districts NFS TASF NIF DP RDI MDI NIPS

and incidence of Lasiodiplodia

Pseudofhwll’mmae recorded Kadirli 32 901 11 34.38 10-45 6.22 26

on peanut plants growing in six

different districts of Osmaniye Sumbas 12 253 4 33.33 9-15 4.08 9

Province during 2021 cropping Bahge 37 1 33.33 13 4.33 3

season Toprakkale 7 213 2 28.57 11-14 3.57 6
Merkez 29 736 7 24.14 8-17 2.86 16
Diizi¢i 12 218 2 16.67 10-19 242 5

At least 100 plants were checked visually at each field inspected

NF'S Number of field surveyed; TASF Total area of surveyed field (da); NIF Number of infested field sur-
veyed; DP disease prevalence; RDI range of disease incidence (%) recorded in infested field; MDI mean
disease incidence in infested field; N/PS Number of Infested Plant Sample obtained from infested fields
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sterilized Cogon grass leaves to encourage pycnidial and
conidial production on the media (Fig. 1c, d).

The morphological characteristics of fungal struc-
tures developed on WA were visualized. Conidiomata,
which appeared on the surface of the main veins of the
grassy leaves (Fig. 1d), exhibited unilocular characteris-
tics and ranged in color from dark brown to black in col-
our (Fig. 1d). Aseptate fungal paraphyses, arising among
conidiogenous cells, were hyaline, and cylindrical, with
rounded ends (Fig. 2a). The conidiogenous cells were hya-
line, cylindrical with swollen base. The ellipsoidal imma-
ture conidia (n=50) were hyaline and non-septate, measur-
ing 22.5-30.5% 13.5-17.5 um (Fig. 2b, ¢). Mature conidia
(n=50) were dark brown and one-septate, with longitudinal
stripes measuring 22.5-32.0x 12.5-14.5 pm (Fig. 2b, d).

Fig.2 Morphological charac-
teristics of the fungal iso-

late MKUBK-B1. a Fungal
paraphyses, arising among
conidiogenous cells, hyaline and
cylindrical with aseptate ends
(arrow) and rounded shape. b—d
Hyaline aseptate immature (*)
and dark brown mature conidia
with a septate (arrow). Scale
bars =20 pm

Pathogenicity tests were conducted using all representa-
tive isolates on healthy 3-week-old peanut plant (cv. NC7)
(Fig. 3). Typical necrotic lesions, similar to those observed
on naturally infected plants, were evident at the inocula-
tion sites 7 days after inoculation. The control plants did not
exhibit any symptoms. The morphological characteristics of
the original isolate were confirmed after re-isolation, fulfill-
ing Koch's postulates. In the pathogenicity tests, no differ-
ences in virulence were observed among the representative
isolates tested. Since the twenty four isolates were patho-
genic and displayed similar morphological and cultural char-
acteristics, two isolates (MKUBK-B1 and MKUBK-K?22)
from different cultivated areas were randomly selected for
molecular study. Representative single-spore cultures of
the fungal isolates MKUBK-B1 and MKUBK-K22 were
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Fig. 3 Pathogenicity test on
peanut seedling (cv. NC7). a—¢
Pathogenicity was confirmed
by placing mycelial plugs on
wounds at the base of peanut
seedling stems (arrow) and
wrapping them with parafilm
(arrow). d Disease lesions and
wilting developed at the inocu-
lation sites (arrow) 7 days after
inoculation

deposited at the Hatay Mustafa Kemal University BISAK
Microbial Culture Collection Centre in Turkey.

MALDI-TOF analysis and molecular characterization
of fungal isolates

The identities of the morphologically identified isolates,
obtained from infested plants with typical disease symptoms
and re-isolates, were confirmed by MALDI-TOF analysis.
The protein profiles of all the isolates matched those of the
reference isolate Lasiodiplodia sp. DSM 832 in the MALDI-
TOF/MS library (Fig. 4).

The ITS, tub2 and TEF1-a loci were sequenced to con-
firm the molecular identification of the representative
fungal isolates MKUBK-B1 and MKUBK-K22. The PCR
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Analyte Name: ET
Analyte Description:

Analyte 1D:
Analyte Creation
Date/Time:

Applied MSP

Library(ies):

K22
2021-12-20T06:09:48.336

Filamentous Fungi

Applied Taxonomy Tree:

(Q'?xaatl‘i't(y) Matched Eatfern | e
( l) Lasiodiplodia sp DSM 832 DSM mod 1.999 66739
(?) Arthrinium arundinis 17122069 LMU 335852

2 Trichophyton rubrum DSM 19616 DSM 5551

Fig.4 Identification of the MKUBK-K?22 isolate as Lasiodiplodia sp.
by MALDI-TOF analysis



Journal of Plant Diseases and Protection

products were purified and sequenced. The resulting consen-
sus sequences of 514 bp (using ITS4/ITS5), 440 bp (using
Bt2a/Bt2b), and 500 bp (using EF1-688F/EF1-1251R)
were deposited in the NCBI GenBank (Table 2). The ITS,
tub2, and TEFI-a loci sequences of the MKUBK-B1 and
MKUBK-K?22 isolates were compared with those of vari-
ous Lasiodiplodia spp. isolates from different host plants

available in the NCBI GenBank database using the BLAST
tool.

BLAST analysis indicated that the sequences of the
ITS (GenBank accession no. OR610719, OR610757),
tub2 (GenBank accession no. OR620961, OR620962) and
TEFI-a (GenBank accession no. PP066969, PP066970) loci
of the representative isolates shared 100% identity with L.

Table 2 Details of the ITS,

Fungal species Isolate/strain Accession No Host Origin

tub2 and TEF'I-a sequences of

Lasiodiplodia spp. used in the ITS gene

phylogenetic analysis L. pseudotheobromae MKUBK-B1 OR610719 Peanut Turkey
L. pseudotheobromae MKUBK-K22 OR610757 Peanut Turkey
L. pseudotheobromae ZHX9 0K427342 Peanut China
L. pseudotheobromae B0081 KJ607141 Rubber tree Thailand
L. pseudotheobromae FRLP1 MK368390 Longan Thailand
L. pseudotheobromae IBL266 KT247480 Cashew Brazil
L. pseudotheobromae CBS 116459 KF766193
L. theobromae CBS:130,989 MT587437 Mango Egypt
L. theobromae BPPCA167 MK530038 Mango Malaysia
L. brasiliensis CSM_11 MF436018 Cacao Venezuela
L. brasiliensis CSM_15 MF436019 Cacao Venezuela
L. crassispora CMW13488 DQ103552 Eucalyptus Venezuela
Fusicoccum stromaticum CMW 13434 AY693974 Eucalyptus Venezuela

tub2 gene
L. pseudotheobromae MKUBK-B1 OR620961 Peanut Turkey
L. pseudotheobromae MKUBK-K22 OR620962 Peanut Turkey
L. pseudotheobromae CBS 116459 EU673111 Rubber tree Costa Rica
L. brasiliensis CSM_11 MF435998 Cacao Venezuela
L. brasiliensis CSM_15 MF435997 Cacao Venezuela
L. pseudotheobromae La2 MH829859 Apple China
L. pseudotheobromae ColPat-642 MN794202 Pistachio Spain
L. viticola LAGOS KP699091 Grape France
L. parva 97 MK294119 Rambutan Puerto Rico
L. pseudotheobromae ZHX9 OK489788 Peanut China
L. theobromae LT-C1 MW219509 Nutmeg India
L. theobromae ZWLT 482 MKO051098 Coconut China
Spencermartinsia viticola CBS 117009 EU673104 Grape Spain
TEFI-a gene

L. pseudotheobromae MKUBK-B1 PP066969 Peanut Turkey
L. pseudotheobromae MKUBK-K22 PP066970 Peanut Turkey
L. pseudotheobromae 146 MK693707 Cacao Puerto Rico
L. pseudotheobromae CBS304.79 EF622061 Rose Netherlands
L. pseudotheobromae CBS447.62 EF622060 Orange Suriname
L. pseudotheobromae MKUBK-B1 PP066969 Peanut Turkey
L. brasiliensis CSM_11 MF436006 Cacao Venezuela
L. brasiliensis CSM_15 MF436007 Cacao Venezuela
L. theobromae CBS 164.96 AY 640258 Fruit P. New Guinea
L. theobromae M400 MN536705 Cacao Puerto Rico
L. hormozganensis IRAN1500C GU945343 Olea sp. Iran
L. citricola IRAN1521C GU945339 Citrus spp. Iran
Spencermartinsia viticola CBS 117009 AY905559 Grape Spain
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pseudotheobromae (for ITS: OK427342, MK368390; for
tub2: OK489788, MN794202; for TEFI1-a: MK693707,
EF622060) derived from various host plant species includ-
ing peanut, longan, pistachio, cacao, and orange.

Phylogenetic analyses were conducted using the maxi-
mum likelihood method of MEGA 11 software on the indi-
vidual sequences of the ITS, rub2, and TEF1-a loci. To con-
struct the tree, sequences of the ITS, tub2, and TEFI-a loci
of reference isolates from different host plants available in
the NCBI GenBank database were retrieved (Table 2). The
ITS sequences of Lasiodiplodia spp isolates from different
host plants available in NCBI GenBank along with the repre-
sentative L. pseudotheobromae MKUBK-B1 and MKUBK-
K22 isolates were used (Table 2). As shown in Fig. 5, the L.
pseudotheobromae MKUBK-B1 and MKUBK-K?22 isolates
were well placed in the L. pseudotheobromae clade. These
isolates clustered together with L. pseudotheobromae from
peanut (OK427342), a type strain of CBS (KF766193), rub-
ber tree (KJ607141), longan fruit (MK368390), and cashew
(KT247480) trees (Fig. 5).

The sequences of the rub2 locus of the peanut isolates
MKUBK-B1 and MKUBK-K22 were also compared

with 11 nucleotide sequences of L. pseudotheobromae
and other Lasiodiplodia species available in GenBank
(Table 2). Phylogenetic analysis clearly revealed that the
peanut isolates MKUBK-B1 and MKUBK-K22 were L.
pseudotheobromae. These isolates clustered together with
L. pseudotheobromae isolates from peanut (OK489788),
CBS type strain (EU673111), pistachio nut (MN794202),
and cacao (MK693702) trees (Fig. 6).

The phylogenetic tree constructed using the sequences
of the TEFI-a locus of the peanut isolates MKUBK-B1
and MKUBK-K?22 was also compared with 9 nucleotide
sequences of Lasiodiplodia species available in GenBank
(Table 2). Phylogenetic analysis clearly revealed that the
peanut isolates MKUBK-B1 and MKUBK-K22 clustered
together with L. pseudotheobromae isolates from cacao
(MK693707), rose (EF622061), and orange (EF622060),
trees (Fig. 7). All loci constituted a distinct group separate
from the nearest clade of L. theobromae, a reported causa-
tive agent of peanut collar rot (Phipps and Porter 1998;
Wang et al. 2023a).

0K427342 Lasiodiplodia pseudotheobromae ZHX9
7

KJ607141 Lasiodiplodia pseudotheobromae B0081

OR610719 Lasiodiplodia pseudotheobromae MKUBK-B1

58

86

83

OR610757 Lasiodiplodia pseudotheobromae MKUBK-K22

MK368390 Lasiodiplodia pseudotheobromae FRLP1

—— KT247480 Lasiodiplodia pseudotheobromae |BL266

—— KF766193 Lasiodiplodia pseudotheobromae CBS 116459

MT587437 Lasiodiplodia theobromae CBS:130989

69

MK530038 Lasiodiplodia theobromae BPPCA167

| MF436018 Lasiodiplodia brasiliensis CSM 11
20 ' MF436019 Lasiodiplodia brasiliensis CSM 15

DQ103552 Lasiodiplodia crassispora CMW13488

AY693974 Fusicoccum stromaticum CMW13434

0.02

Fig.5 The phylogenetic tree based on maximum likelihood illus-
trates the relationships between Lasiodiplodia pseudotheobromae
MKUBK-B1 and MKUBK-K?22, along with reference isolates. The
tree was constructed using the partial /TS sequences of 10 Lasiodip-
lodia isolates from various hosts, with the Fusicoccum stromaticum
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CMW 13434 sequences serving as the outgroup. The sequence of
0OK427342 represents Lasiodiplodia pseudotheobromae isolated from
peanut (Zhang et al. 2022). The bootstrap values for 1000 replicates
are displayed on the branches. The numbers on the branches indicate
the level of support
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MF435998 Lasiodiplodia brasiliensis CSM 11

MF435997 Lasiodiplodia brasiliensis CSM 15

95

6r MK693702 Lasiodiplodia pseudotheobromae 146

94 MW219509 Lasiodiplodia theobromae LT-C1
MK051098 Lasiodiplodia theobromae ZWLT 482
— MH829859 Lasiodiplodia pseudotheobromae La2

0K489788 Lasiodiplodia pseudotheobromae ZHX9

OR620961 Lasiodiplodia pseudotheobromae MKUBK-B1

KP699091 Lasiodiplodia viticola LAG05

MK294119 Lasiodiplodia parva 97

OR620962 Lasiodiplodia pseudotheobromae MKUBK-K22

& EU673111 Lasiodiplodia pseudotheobromae CBS 116459

MN794202 Lasiodiplodia pseudotheobromae ColPat-642

Fig.6 The phylogenetic tree based on maximum likelihood illus-
trates the relationships between L. pseudotheobromae MKUBK-B1
and MKUBK-K?22, along with reference isolates. The tree was con-
structed using the partial tub2 sequences of 11 Lasiodiplodia isolates
from various hosts, with the Spencermartinsia viticola CBS 117009
sequence serving as the outgroup. The sequences of OK489788,

Discussions

Peanut plants face significant threats from various soilborne
fungal diseases worldwide (Thiessen and Woodward 2012;
Wang et al. 2023a). Southern blight, stem rot and root rot
caused by Sclerotium rolfsii, Aspergillus niger, Sclerotinia
sclerotiorum, Rhizoctonia solani and Fusarium spp., are
three prominent soilborne diseases that result in substantial
yield and quality losses in peanut-growing regions globally
(Liu et al. 2016; Jogi et al. 2016; Wang et al. 2017; Jacob
et al. 2018). As soilborne disease agents manifest similar
symptoms, definitive species identification can only be
achieved through morphological and molecular methods.
Accurate identification of disease agents is crucial for the
development of new disease-resistant cultivars/breeding
lines (Thirumalaisamy et al. 2019).

In this study, 24 representative fungal isolates exhibit-
ing similar cultural and morphological characteristics were

EU673104 Spencermartinsia viticola CBS 117009

EU673111 and MN794202 represent Lasiodiplodia pseudotheobro-
mae isolates from peanut, the CBS type strain, pistachio nut and the
cacao tree, respectively. The bootstrap values for 1000 replicates are
displayed on the branches. The numbers on the branches indicate the
level of support

obtained from collar root disease symptoms in Osmaniye
Province, the most important peanut growing province in
Turkey. Pathogenicity tests confirmed that all tested isolates
caused symptoms resembling those observed under field
conditions. Fungal isolates were re-isolated from the site
of inoculations. The morphological characteristics closely
resembled those described for L. pseudotheobromae (Alves
et al. 2008). Fungal species belonging to the Botryosphaeri-
ales order are known as soilborne necrotic plant pathogens
with a wide host range and widespread distribution (Slippers
and Wingfield 2007; Phillips et al. 2013; Batista et al. 2021).
Although members of the Botryosphaeriaceae family are
generally recognized as opportunistic pathogens, they can
cause severe disease symptoms under unfavourable condi-
tions in mostly woody plants (Slippers and Wingfield 2007;
Sakalidis et al. 2011; Xie et al. 2019; Castillo 2023; Wang
et al. 2023b). Batista et al. (2021) reported that Lasiodiplo-
dia theobromae, Botryosphaeria dothidea, Neofusicoccum
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PP066970 Lasicdiplodia pseudotheobromae MKUBK-K22

MK693707 Lasiodiplodia pseudotheobromae 146

|: EF622061 Lasiodiplodia pseudotheobromae CBS304.79

EF622060 Lasiodiplodia pseudotheobromae CBS447.62

— PP066969 Lasiodiplodia pseudotheobromae MKUBK-B1

& MF436006 Lasiodiplodia brasiliensis CSM 11

99 ! MF436007 Lasiodiplodia brasiliensis CSM 15

78 AY640258 Lasiodiplodia theobromae CBS 164.96

81 L MN536705 Lasiodiplodia theobromae M400

— GU945343 Lasiodiplodia hormozganensis IRAN1500C

GU945339 Lasiodiplodia citricola IRAN1521C

0.050

Fig.7 The phylogenetic tree based on maximum likelihood illus-
trates the relationships between Lasiodiplodia pseudotheobromae
MKUBK-B1 and MKUBK-K?22, along with reference isolates. The
tree was constructed using the partial TEFI-a sequences of 11 Lasi-
odiplodia isolates from various hosts, with the Spencermartinsia viti-
cola CBS 117009 sequence serving as the outgroup. The sequences

parvum, Diplodia sapinea, Diplodia seriata, Dothiorella
sarmentorum, and L. pseudotheobromae are the most com-
mon species globally (Phillips et al. 2013; Dissanayake et al.
2016; Mehl et al. 2017). Among these species, L. theobro-
meae had the highest host range with 666 different hosts,
followed by Botryosphaeria dothidea with 403 hosts and
Neofusicoccum parvum with 223 hosts. L. pseudotheobro-
mae was found to be the causal agent in a relatively lower
number of plants with 124 hosts (Batista et al. 2021). L.
pseudotheobromae has not been reported as a major fungal
pathogen causing significant economic losses in peanut-pro-
ducing countries. Instead, it occurs as a saprophytes, wound
parasite or opportunist on a diverse range of host plants (Phi-
pps and Porter 1998; Phillips et al. 2013; Wang et al. 2023b).

Morphological identification of the representative fun-
gal isolates (MKUBK-B1 and MKUBK-K?22) confirmed
that they were L. pseudotheobromae through phylogenetic
analyses using the sequences of the ITS, tub2 and TEFI-a
loci. The TEF-1a locus is widely used in molecular and
phylogenetic studies, especially in Botryosphaeriaceae
family, because it consists of conserved exonic and vari-
able intronic sequences. Since this locus has excellent
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AY905559 Spencermartinsia viticola CBS 117009

of OK489788, EU673111 and MN794202 represent Lasiodiplodia
pseudotheobromae isolates from peanut, the CBS type strain, pista-
chio nut and the cacao trees, respectively. The bootstrap values for
1000 replicates are displayed on the branches. The numbers on the
branches indicate the level of support

phylogenetic resolution, it is suitable for inference of deep
phylogenies that capture recent evolutionary and speciation
events (Stielow et al. 2015). Phylogenetic analysis based on
ITS, TEF-1a, tub2 loci sequences performed with several
isolates of Lasiodiplodia spp. confirmed that representative
fungal isolates belong to L. pseudotheobromae.

The fungal disease agent L. pseudotheobromae is widely
distributed and is a common pathogen in tropical and sub-
tropical countries with a broad host range (Adeniyi and
Asogwa 2023; Wang et al. 2024). The pathogen has been
reported to affects a wide range of woody perennial and
ornamental plants causing root rot, damping-off, leaf spots,
twig blight, cankers, stem-end rot, gummosis, branch die-
back and pre- and post-harvest fruit rots (Bragard et al. 2023;
Guo et al. 2023). This disease agent has also been reported
to cause fruit rot in strawberries, mango, citrus, avocado,
guava, persimmon and longan fruits in USA (Zhang et al.
2024), Pakistan (Alam et al. 2021), Srilanka (Jayasekara
et al. 2022), China (Chen et al. 2021), Brazil (Navarro et al.
2022), Mexico (Bautista-Cruz et al. 2019), and Thailand
(Pipattanapuckdee et al. 2019, 2023); dieback in Ormosia
pinnata (Li et al. 2020), and mango trees (Ismail et al. 2012),



Journal of Plant Diseases and Protection

canker and dieback diseases in fruit trees in China (Wang
and Song 2021; Wang et al. 2024).

The presence of L. pseudotheobromae causing collar rot
in peanuts was previously reported in Nigeria (Ataga et al.
2019) and recently in China (Zhang et al. 2022). In addition
to L. pseudotheobromae, the closely related fungal species L.
theobromae and L. iranensis were also reported to be associ-
ated with peanut seed and collar rot (Phipps and Porter 1998;
Ataga et al. 2019; Isalar et al. 2021; Wang et al. 2023a).
Although the peanut isolates of L. pseudotheobromae shared
morphological characteristics similar to those of other Lasi-
odiplodia species, they could be differentiated based on the
shape and size of their conidia and their parahysis features
(Alves et al. 2008; Pipattanapuckdee et al. 2019). It has been
reported that the subovoid to ellipsoid-ovoid shaped conidia
of L. theobromae, isolated from various hosts are smaller in
size than the ellipsoidal conidia of L. pseudotheobromae.
Additionally, while the paraphyses of L. theobromae were
septate, those of L. pseudotheobromae were mostly aseptate,
consistent with the peanut isolates obtained in this study.
L pseudotheobromae was previously reported on differ-
ent host plants in Africa, Asia, North and South America
and Autralia and has also been reported from Spain with a
restricted distribution (Bragard et al. 2023). Although the
presence of L. pseudotheobromae was reported on lemon
fruit (Awan et al. 2016), nectarines (Endes et al. 2016), and
plum (Endes and Kayim 2022) in Turkey, this study repre-
sents the first documented report of L. pseudotheobromae
causing collar rot in peanuts in Turkey.

Conclusion

Collar rot disease, caused by Lasiodiplodia spp, typically is
manifested as a secondary infection, often triggered by more
aggressive plant pathogens or in conditions of plant injury,
especially under hot and dry climates (Phipps and Porter
1998). In this investigation, we also observed the coexist-
ence of three highly important soilborne fungal pathogens
(S. rolfsii, A. niger, and R. solani) on different plants in the
same fields (data not given). This work clearly showed that
not only aggressive soilborne fungal pathogens (S. rolfsii, A.
niger, and R. solani) but also L. pseudotheobromae causes
collar rot in peanuts in Turkey. This reports have highlighted
the need to classify the disease as an important emerging
pathogen of peanut. This is the first major study to inves-
tigate L. pseudotheobromae as an emerging economically
important disease of peanut. It is suspected that the occur-
rence of collar rot in Osmaniye Province could be linked to
erratic rainfall and the hot, dry spring and summer months of
2021, coupled with the presence of aggressive major peanut
pathogens in the same geographic location and plants from
which fungal isolates were obtained. Due to the potential

destructiveness and broad host range of this pathogen, it is
essential to develop new strategies to establish more reliable,
environmentally sustainable, and cost-effective management
approaches for this disease.
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