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pathological aspects of P. vexans and to the extent to which it causes damage
to the brinjal crop production. At present, P. vexans is widely distributed in all
major brinjal growing regions of the world. It causes damping-off of seedlings
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Diaporthe vexans, Molecular phylogenetic to survive in soil, seed and disseminated through rain splash. Though various
relationship, Host resistance, Phomopsis chemical and biological management methods have been adapted to reduce the
vexans. disease incidence, P. vexans is still a major challenge for the plant pathologists

around the globe. Search for various sources of resistance against P. vexans is
an on-going program in many research institutes met with little success. The
present management system focuses on the application of bio-control agents
to check the disease development and to confer resistance against P. vexans.

INTRODUCTION

Phomopsis vexans is an anamorphic stage of Diaporthe vexans on brinjal causing severe crop loss in brinjal in different parts
of the world. The fungus is seed-borne and produces a large number of alpha conidia which causes infection and subsequent
disease development in brinjal, its only significant host 2. The infection results in manifestations of many symptoms ranges
from poor seed germination, damping-off of seedlings to the most prominent symptoms such as leaf blight, stem blight and fruit
rot. It generally infects foliage, stem and the fruits “®.. In field conditions, P. vexans infection produces small circular spots which
later become grey to brown with irregular blackish margins. When favourable conditions prevail, the necrotic spots enlarge and
number of spots increases. Lesions developed on petiole and stem, causes blight on affected plant parts. Infected fruits show
diverse symptoms such as fruit rot, soft rot and mummification. Initially, the symptoms appear as minute, sunken dull and dusky
spots which later merge to form rotten areas. The edible portion of the fruit rots progressively and pycnidia arise on affected
tissues. They are erumpent, brown to black 60-200 um in diameter. On the leaves, pycnidia measures 120-350 um in diameter
and globose to irregular in shape. Conidiophores (phialides) within the pycnidium are septate and 10-16 pm long. Pycnidiospores
(conidia) are hyaline, one celled, sub cylindrical and 5-9 x 2-2.8 ym in diameter. In most of the tropical and subtropical areas, leaf
blight and fruit rot is considered to be a serious disease. The disease initially starts as foliar blight and most destructive phase of
the disease is noticed when fruit start rotting which results in heavy crop loss both in the field as well as during transit.

Species of Diaporthe and its asexual state (Phomopsis) have broad host range and are widely distributed on plants as
saprobes, parasites and endophytes 12, Diaporthe spp. are also responsible for some of the most important diseases on crop
plants worldwide. The disease includes root rot, fruit rot, dieback, canker, leaf spot, leaf blight, decay and wilt 1%, In the past,
Diaporthe species association with plants have been noted to deter herbivory, lingo-cellulolytic activities, or as bio-herbicides.
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DISTRIBUTION

The anamorphic stage of P. vexans, has been reported from many areas in the warmer parts of most continents, but is
unknown in Romania and known only in few African countries. It is probably native to southern Asia, the area of origin of the
host Solanum melongena (eggplant/aubergine), where it is also reported to infect some wild Solanum species 1518, In India, the
pathogen has been reported from all major brinjal growing states such as Karnataka, Tamilnadu, Andra Pradesh, Kerala, Goa,
West Bengal, Maharashtra, Madhya Pradesh, Assam, Himachal Pradesh, Uttar Pradesh and Gujarat 923,

Disease Incidence

The disease is reported to cause 15-20% (30-50% in severe case) yield loss estimated equivalent to 30.84 US $ per annum
(24, Recent quantification disease prevalence across six agro-ecological regions and its severity reminds for the need for accurate
disease prediction and development of better management strategies ?52¢.. Seed borne incidence of P. vexans is also one of the
major limiting factors for eggplant cultivation. However, eggplant cultivars grown in Bangladesh showed a wide range of variations
in yield performance and disease reactions. Most of the cultivars are reported to be susceptible to this disease. Several workers
have estimated the seed borne incidence varied from 10-20% in dried and freshly harvested seeds of brinjal 62728, |n India, the
disease incidence ranges of 10-40%. The exact statistical data on exact disease incidence and severity is not available.

Host Range

P. vexans is always considered as host specific, but later studies indicated that, Capsicum annuum and Solanum
lycopersicum are also reported as its potential hosts 101229301 Qthers include Acacia arcuaefolia, Prunus armeniaca (apricot),
seeds of Sorghum bicolor B and Capsicum frutescens respectively B33, In India, it is reported to infect wild Solanum incanum
upon artificial inoculation 318, Pawar and Patel reported the similar results for tomato, pepper and potato, as well as on Solanum
nigrum 4, However, Edgerton and Moreland failed to get infection on tomato, pepper, potato and on wild Solanum species. These
reports did not specify the plant parts inoculated, but uninjured tomato and pepper fruits are found to be unaffected by the fungus
in parallel trials with brinjal in India 134,

Taxonomy

Diaporthe vexans (Sacc. & Syd.) Gratz 1942 (Syn=P. vexans); Phomopsis vexans (Sacc. & Syd.) Harter. 1914; Ascochyta
hortorum (Speg.) C.0. Sm. 1905; Phoma solani Halst. 1892. Phoma vexans Sacc. & Syd. 1899 and Phyllosticta hortorum Speg.
1881.

It was Spegazzini first described the fungus associated with leaf blight and fruit rot disease of eggplant as Phyllosticta
hortorum in 1881. The existence of several pycnidial fungi causing leaf spot on brinjal resulted in difficulties with the identification
of each one. Spegazzini ¥ described a fungus occurring on leaves of S. melongena in ltaly as Phyllosticta hortorum. Pathologists
attributed the leaf blight and fruit rot disease to Phyllosticta hortorum Speg 2% Occurring in the regions of USA and certain parts
of Europe. Halsted described the same fungus on leaves and fruits of eggplant in New Jersey (USA) as Phoma solani. Since, the
name P. solani has been already been given by Cooke and Harkness to another fungus on another host, Saccardo and Sydow
substituted Phoma vexans 371, Smith et al. observed the occurrence of bi-celled pycniospores (conidia or pycnidiospores) and
placed them under Ascochyta hortorum (Speg.). Voglino studied the fungus on aubergine and agreed with Smith and concluded
that the fungus described by Spegazzini as P. hortorum and Phoma solani and Phyllosticta hortorum have been considered as
the same species 8%, Detailed observations made by Harter %, concluded that the taxons such as P. hortorum, Phoma solani,
Ascochyta hortorum were infact the same fungus by cross-inoculation and morphological studies and concluded that the genus to
which the fungus belonged was not Phoma, Phyllosticta or Ascochyta, but Phomopsis “°. Harter also observed and described the
beta conidia (stylospores) which are characteristic feature to the genus Phomopsis and proposed the name Phomopsis vexans
and was universally accepted for isolates which were different from P. hortorum “°. Phomopsis vexans produces both alpha and
beta conidia which are true to the genus Phomopsis 4142,

Diaporthe vexans

The teleomorph of P. vexans has not yet been encountered in nature except Gratz, who observed the perithecial fruiting
bodies on 2% potato dextrose agar and assigned the name Diaporthe vexans 3. However, the current view on D. vexans as the
teleomorph of P. vexans 4 has been considered as illegitimate and P. vexans is now considered to apply only to the anamorph
(44451 |t is also reasoned that, though, D. vexans is supposed to be a teleomorph name, it is only valid as anamorph combination
as there is no Latin diagnosis (Art. 59, ICBN) 16!,

Morpho-Cultural Characteristics

Mycological studies of P. vexans on agar medium revealed that, the fungus produces whitish septate, hyaline mycelium with
wavy margins at the periphery. The fungus produces pycnidia all over the agar surface and the size of pycnidia varies from isolate
to isolate and from region to region #6471, Two distinct colony types among Phomopsis species have been recognized; W and G type
where G-type colony characterized by a few white to grey aerial hyphae, abundant small pycnidial stromata with irregular pycnidial
locules and W-type colony with aerial hyphae, scattered relatively large stromata, irregular pycnidial locules with alpha and beta
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conidia 849, Conidiomata pycnidial, sub-epidermal, erumpent, dark, thick-walled, flattened to globose, size varies from 100-300
um, with or without a break. Beak measures up to 76-85 um. Phialides hyaline, simple to branched, sometimes septate, 10-16
um long, arise from the innermost layer of cells lining the cavity. The conidiophores (phialides) within the pycnidium are hyaline,
simple or branched, sometimes septate and arise from the innermost layer of cells lining the pycnidial cavity. Conidia are hyaline,
one celled and sub cylindrical which gradually changed to beta type. Formation of conidia within the pycnidium is temperature
dependent. Alpha conidia hyaline, aseptate, sub-cylindrical, 5-8 x 2-3 ym. Beta conidia filiform, curved hyaline, septate, 18-32
x 0.5-2.0 ym and was non-germinating in nature. But inoculation of host with beta conidia caused interveinal necrosis. Hyphae
hyaline, septate measured 2.5-4.0 ym diameter [10:12.15,21.5062]

Existence of morpho-cultural variability among the P. vexans has been studied “75%531, However, such variations among
isolates may be attributed to the functional relatedness among the environmental factors but such variations cannot be interpreted
by genetic means 52561, All the isolates exhibit overlap and 100% similarity with respect to the genetic relatedness inferred by ITS
phylogenetic analysis.

Diseases caused by Phomopsis vexans
Damping off

The development of symptoms on the young seedlings exhibited girdling signs at the basal region of the stem and the soil
surface 7581, Such seedlings soon topple and die due to loss of viable root system. Appearance of pycnidia near the girdled region
is common and the whole seedlings collapse and die. Foliage come in contact with the contaminated soil surface may become
infected directly through conidia 7.

Leaf blight

On the leaves, the pathogen causes necrotic zone in early stage of crop development. The leaf spot which appear typically round,
brown, oval later became irregular in shape. Lesions on the petiole and on the lower part of the midrib results in necrosis. Affected
leaves may drop prematurely, and the blight affected areas may cover with numerous black pycnidia ©15252740 (Figure 1).

Figure 1. Phomopsis vexans leaf blight and fruit symptoms on of brinjal: A- Typical leaf blight; B- Fruit rot symptom; C- Stem blight symptom; D- Pycnidia
under Stereo binocular microscope; E- P. vexans on Potato Dextrose Agar medium; F- Alpha and Beta conidia under compound microscope.

Stem blight

On stem and aerial branches, elongated black-brown lesions with irregular shape are formed showing many pycnidia. The
disease affected plants bear small leaves and the axillary buds are often reduced or killed. When stem girdling occurs, the shoot
above the infected area wilts and dries up and the plant may be toppled 112, Pycnidia generally develop on lesions on produced
on young stems, but rarely on older stems 14!,

Fruit rot

On fruit, the symptoms appear first as minute sunken grayish spots with a brownish halo which later enlarge and coalesce
to produce concentric rings of yellow and brown circles. These area increases in size and form large rotten areas on which
conidiomata often develop concentrically, covering the rotten fruit surface. Pycnidia on fruit are larger than those produced on
stem and leaves 149, If the infection occurs on fruits through the calyx, the whole fruit may become mummified 2. Initially the
lesions are small, more or less circular, and buff to olive, later becoming cinnamon buff, with an irregular blackish margin. Rot
may appear in fruit, in transit after harvest 2,
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Seed infection

Seed infection results in poor germination and seedling blight to fruit rot. Post-emergence damping-off of seedlings results
from infection of the stem just above the soil surface. The symptoms on leaves are more prominent during the early stages of

plant growth [11.195965],

Molecular Identification

The molecular tools such as PCR have assisted the accurate diagnosis of P. vexans. Jayaramaiah et al. attempted to study
the molecular detection of the pathogen using universal specific primers [¢.. PCR based variable number of tandem repeats (VNTR)
have been used to characterize the P. vexans isolates from Bangladesh ¢! using MR-20 primers. VNTR analysis helps to classify
the isolates based on morphological and molecular characteristics and assist in differentiating the intra-specific variations ¢,
Other molecular techniques like RAPD and RFLP markers are able to differentiate among taxa within the Diaporthe/Phomopsis
complex, as well as among isolates within D. phaseolorum var. caulivora, D. phaseolorum var. caulivora, and D. phaseolorum var.

mariodionalis isolates 66671,

There are about 58 P. vexans sequences available in GenBank database, of which 52 sequences are from Indian subcontinent
and rest of the sequences were from CBS Culture Collection Centre Netherland. They were able to detect the inoculum from
different sources by visualizing the ampilification of desired length of ITS-rDNA.

Though the pathogen P. vexans is globally important, application of molecular tools to study the host-pathogen interactions
are very few. Phomopsis species have often been recognized as host specific but the recent molecular analysis revealed that
pathogen might have changed their host specificity or they might have jumped from one host to an another 4, The ITS sequence
of P. vexans retrieved from GenBank and their phylogenetic analysis by neighbour joining 8¢ method revealed that all the ITS
sequence shared a common clade and other loci are placed in a distinct clade separated from ITS (Figure 2).
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Figure 2. Phylogenetic tree constructed using all Phomopsis vexans sequences available in GenBank database by neighbour joining method. All
ITS sequences of P. vexans were clustered in to one clade and remaining formed a different clade from respective loci.
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Disease Management

Chemical based as well as bio-agent based formulations have been used to manage the disease caused by P. vexans 7%,
The systemic fungicides such as Bavistin (0.1%), Vitavax (0.1%), Blitox-50 (0.2%), and Ridomil (0.15%) proved to be the most
effective in inhibiting the growth of P. vexans in-vitro as well as in field conditions. Nimbidine proved to be effective, but slightly
less effective than systemic fungicides. Nimbidine being a safe and eco-friendly bio-product has been used in the management
of the disease "%, Seeds treated with Carbendazim (0.2%) or Thiophenate methyl (0.2%) produced excellent results "1, With the
initiation of the disease, foliar spray with Carbendazim (0.1%) or combination of Mancozeb (0.25%) and Carbendazim (0.05%) or
Copper oxychloride (0.3%) and repeat at 10 to 14 days intervals gave good results. Besides, cultural practices such as collection
and destruction of the diseased plant debris, crop rotation and use of pathogen free seeds are very useful in reducing the disease
incidence %74,

Seed treatments with fungicides at different concentrations (0.05, 0.10, 0.15 and 0.20 %) reduced the seed mycoflora.
The systemic fungicides namely Carbendazim and Carboxin, non-systemic fungicides such as Mancozeb, Captaf and Dithane
Z-78 are also effective. Among the fungicides evaluated, Mancozeb, Carbendazim and Captaf are found superior in reducing the
seed-borne inoculums and improving seed germination at 0.2% concentration 2771731, Applications of various fungicides such as
Vitavax and Blitox-50 offered considerable protection to against P. vexans 7579,

Among the bio-control agents studied, Trichoderma virens, T. harzianum and T. viride are found effective in antagonizing
the mycelial growth of P. vexans on in-vitro ["®.. Antimicrobial action of Bacillus subtilis, Streptmyces griseus, and fungal species
such as Aspergillus, Penicillium, Trichoderma, Periconia have been tested against Phomopsis vexans U"\. Trichoderma harzianum
and Bacillus subtilis were also found to be effective. Antagonistic Pseudomonas fluorescens and Trichoderma harzianum seed
treatment and foliar applications have been found to be effective against P. vexans 6578,

Since 2001, existence of varietal reaction of eggplant cultivars to P. vexans has been investigated 71737984 The application
of fungicides in combination with micronutrients showed better performance in reducing disease incidence and disease severity.
Bavistin 50 WP (0.1%) alone or in combination with micronutrients (Gypsum, ZnO and Boric acid) has been suggested for
management of blight and fruit rot of eggplant 857,

Recent studies on the application of Garlic bulb and Allamanda leaf extracts reduced field incidence of blight and fruit rot by
66% and 75% respectively #8. Panda et al. also reported the application of Allamanda leaf extract as a potential fungicide for the
Phomopsis management %, Recent studies have shown that pyraclostrobin could be used treat the seeds which helps plants to
produce more defense enzymes (29,

Future

Species of Diaporthe and its anamorphic stage Phomopsis have broad host range and are widely distributed as plant
parasites on crop plants worldwide. The disease includes root rot and fruit rot, dieback, canker, leaf spot, blight, decay and wilt
are the important ones. Phomopsis vexans is a major constraint for crop production. This necessitated the search for alternative
durable resistance in wild and cultivated varieties of brinjal. Modern day agriculture embraces multifactor approach for disease
management to get positive results.

Brinjal shows a great diversity due to their large number of varieties, cultivars, landraces, hybrids, advanced lines, and
wild races available in most of the Asiatic region. Though India is bestowed with various wild germplasm of brinjal, no attempt
has been made to screen them for disease resistance against Phomopsis blight and fruit rot. Though the crop is cultivated in
many Asian countries, studies have not been made to harness the genetic potentiality of the crop in diverse ecological regions.
Genetic information regarding disease susceptibility and characteristics that contribute to yield must be examined to improve
eggplant crop production. For rapid and efficient plant breeding programs, knowledge of the interrelationships among disease
susceptibility and factors affecting yield are necessary. The qualitative and quantitative improvement of crops depends on the
available gene pool and its manipulation. Genetic diversity studies based on morphological traits and molecular marker studies
enable the evaluation of genetic variation prior to the initiation of a new breeding program. Development of SCAR markers for
selection of elite varieties through breeding program needs to accelerate to reach the expected goals. Integration of molecular
tools and techniques to develop new advanced varieties is the need of the hour. Though, the area under brinjal cultivation is
declining at global level, still there is lot of scope for the brinjal crop in all major Asian countries as it constitutes one of the major
vegetable crops. In recent times, we have seen the decline in productive land under brinjal cultivation with reduced productivity
per unit area followed by association of various biotic and abiotic factors which cause severe damage to the overall production
remained a major concern.

Pathogenesis related proteins (PRP’s) are playing an important role in conferring resistance and inhibiting the development
of the fungal pathogen during the early stages of pathogenesis. Several PRP’s are well recognized proteases which play an
important role in degrading the pathogen cellular components. The events of pathogenesis during Brinjal-Phomopsis host
pathogen interaction need to be addressed to understand the role of pathogenesis related proteins and their expression patterns
in susceptible and resistant cultivars. Several biotic inducers such as T. harzianum, P. fluorescence and abiotic inducers like
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salicylic acid, glutamic acid played an important role in inducing disease resistance by activating the PRP’s and their regulatory
genes. Considering the immense application of PR genes in disease resistance, there is an ample scope for exploiting the PRP’s
expressed during disease development in brinjal and P. vexans system.

Recent molecular biology tools and techniques have given us a wide opportunity to unravel the genome organizations of life

firms. So far, whole genome sequences of several solanaceous crops are available in database and it is also useful to have the
whole genome sequence of P. vexans to understand its biology in the language of sequences and their bioinformatics applications.
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