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ABSTRACT

Phomopsis fruit rot, caused by Diaporthe vexans, significantly limits global eggplant production. The
development of host plant resistance is the most sustainable management strategy. In this study, 114 genotypes
were screened using artificial inoculation (mycelial plug/spore suspension) to determine their resistance levels
via per cent disease index (PDI). Among the tested lines, Solanum torvum was immune (0% PDI), while S.
viarum, S. indicum, and S. melongena genotype IIHR 629 showed resistance (6.67% PDI). Furthermore, 14
genotypes were moderately resistant, 47 moderately susceptible, 37 susceptible, and 11 highly susceptible. These
findings were validated by area under disease progress curve (AUDPC) values. The identified resistant genotypes
are valuable donors for breeding programs, and the immune wild species hold potential for pre-breeding efforts

to incorporate resistance genes.

Keywords: Eggplant, Diaporthe vexans, phomopsis fruit rot, resistance, screening

INTRODUCTION

Eggplant (Solanum melongena L.) is an indigenous
vegetable crop grown throughout the globe. Fruits are
rich in bioactive compounds, including phenolics like
chlorogenic acid and anthocyanins such as nasunin,
which have been proven to exhibit anti-cancerous
properties (Sulochana et al., 2024). In India, the crop
is grown in an area of 0.67 mha, with an annual
production of 12.8 mt with an average productivity
of 18.7t/ha (FAOSTAT, 2022). The low production
and productivity is attributed to the cultivation of low-
yielding varieties and their vulnerability to various
biotic and abiotic stresses. The crop is susceptible to
various fungal, bacterial, and viral diseases. Among
these, phomopsis fruit rot, caused by Diaporthe
vexans (Sacc. and Syd.) Harter, affects the cropyield,
seed yield, and affects the economic value of fruits
(Mahadevakumar & Janardhana, 2016).

In India, the disease was first reported from Gujarat
in 1914 (Harter 1914). The pathogen infects brinjal
crop from seedling stage to harvest and seed stage. In
seedling stage, it causes damping-off. On leaves, it
causes leaf spot and blight, with characteristic

symptoms like buff to olive circular spots on leaves.
As infection advances, lesions darken, leading to
premature yellowing and dropping of leaves. The
pathogen infection on fruit, renders the fruits
unmarketable due to fruit rot and mummification
(Pawar & Patel, 1957; Mahadevakumar et al., 2017).
Different management interventions viz., chemical,
cultural and biological control methods are employed
for phomopsis fruit rot control. However, growers
prefer chemical control for its quick results. These
chemicals, pose risks to human health, environment,
and agriculture’s sustainability, and they also foster
resistance in plant pathogens. Since, D. vexans is an
aerial pathogen also surviving in the crop debris in the
soil for long, biological control methods have
limitation. Under these circumstances, host plant
resistance is a viable and sustainable alternative.
Previous studies from India have identified resistant
sources (Khodke, 1990; Prasad, 2018), however, these
identified lines showed varying degrees of disease
reaction when screened artificially in our preliminary
studies. In this context, the present study was
undertaken to identify the stable resistance sources in
eggplant against [IHR PV-2, a virulent isolate of
D. vexans.

@@@@ This is an open access article distributed under the terms of Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License,
AT which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Table 1 : List of eggplant genotypes evaluated in artificial screening

SI. No.  Genotype SI. No. Genotype SI. No. Genotype
1 IC-111037 39 1C-422586 77 Uttara
2 I1C-1601418 40 1C-99747 78 IJB-7
3 IC-111308 41 1C-0603202 79 SM6-6
4 IC-332514 42 IC-144013 80 Arka Keshav
5 1C-362399 43 1C-0090137 81 Pusa Bhairav
6 1C-362386 44 1C-0089814 82 Oblong Dark Purple
7 1C-422570 45 1C-0510499 83 Oblong Light Purple
8 IC-112741 46 1C-0090883 84 Arka Harshita
9 1C-201132 47 I1C-0089846 85 Arka Avinash
10 IC-265644 48 1C-0090130 86 Arka Nidhi
11 I1C-0099750 49 Solanum torvum 87 BR 112
12 IC-111037 50 Solanum indicum 88 Pusa Kranthi
13 IC-136321 51 Solanum aethiopicum 89 VMG 6
14 1C-362390 52 Solanum viarum 90 Ankur
15 1C-362397 53 Muktakeshi 91 SM 6-6
16 1C-90980 54 MAHY 9 92 BBR 54
17 1C-0090087 55 Lalith 93 MEBH 39
18 IC-112741 56 BBB 94 438-2
19 1C-332503 57 Arka Neelakanth 95 S 228
20 1C-0602922 58 Dhruva 96 Lalith
21 1C-0602924 59 POBL 97 Very Long Green
22 1C-0112357 60 Rosa 98 MAHY 10
23 I1C-0090878 61 2 BMG 99 Black Beauty
24 1C-0602921 62 IIVR Kavya 100 KS 224
25 IC-111323 63 DBL-24 101 586
26 1C-332503 64 RCMBL-49 102 Pusa Purple Long
27 IC-137761 65 PR S 103 ITHR-629
28 1C-0090880 66 IC-111073 104 Barshah
29 1C-422583 67 CH-215 105 EC-0293825
30 IC-361841 68 CHBR-1 106 EC-383343
31 1C-332514 69 EG-01-03-02 107 EC-316273
32 IC-137681 70 JB 8 108 EC-383348
33 1C-0090150 71 SEPO 40 109 EC-316285
34 1C-422582 72 DBR-8 110 EC-379246
35 1C-345327 73 Pant Rituraj 111 EC-467271
36 1C-0111076 74 CH-1045 112 EC-396466
37 1C-0099735 75 Bijapur Local 113 EC-379246
38 IC-113016 76 BSS-79 114 EC-378820

J. Hortic. Sci.
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Fig. 1 : Characteristics of IIHR PV-2 isolate (A-C), 9 days old culture on PDA, front and reverse plate (A and B),
induction of sporulation under laboratory condition (C) and release of alpha conidia from pycnidia (D)

MATERIALS AND METHODS
Plant material

A total of 114 genotypes including released varieties,
indigenous lines, and wild species were grown at the
Vegetable Research Farm of the ICAR-Indian Institute
of Horticultural Research, Hesaraghatta, Bengaluru,
Karnataka (Table 1). The experimental site is located
at 13.1362° N latitude, 77.4980° E longitude and
890 m above mean sea level. Seedlings were raised
in plastic pro-trays and transplanted into the main
field. Crop was raised following cultivation practices
(Madhavi Reddy et al., 2023). The fruits were
harvested at principal growth stage 7 (Feller et al.,
1995) for artificial challenge inoculation.

Source of pathogen

A total of 24 isolates of brinjal fruit rot pathogen
sourced from different agro-ecological regions of India
were previously characterized based on pathogenicity,
morphology and molecular level by using /7S,
B-tubulin and TEF sequencing. Among 24 isolates,
IIHR PV-2 was found highly virulent The GenBank
accession numbers for the isolate are NCBIPQ248567
(ITS), PQ629446 (p-Tubulin) and PV504919
(TEF1-a)) (Sulochana et al., 2024). The isolate IIHR
PV-2 used in the current screening programme, was
maintained on the potato dextrose agar (PDA)
medium, incubated in the dark at 28°+2°C.

Preparation of inoculum and artificial screening

Artificial screening was carried out by detached fruit
inoculation with mycelial plug and spore suspension
with pin pricking. Mycelial plugs for inoculation and

spore induction were obtained from the margin of
7 days old culture grown on potato dextrose agar
(PDA) medium, incubated in dark at 28°+2°C.
Sporulation was induced by following slide culture
technique (Riddell, 1950). The isolate produced alpha
conidia all along the margin, when the actively
growing mycelial plugs (5 mm) were kept for spore
induction (Fig. 1). The spores produced were collected,
used in preparing the spore suspension and the
concentration was adjusted using haemocytometer
(2x10° spores/mL).

Eggplant fruits which were at principal growth stage
7 (Feller et al., 1995) were plucked from the plants,
washed with water, followed by surface sterilization
with 70% ethanol (v/v), followed by wash with sterile
distilled water. Washed and air-dried fruits were placed
on inverted petri dishes inside transparent plastic
storage boxes lined with moistened blotting paper.
Spore suspension (2 x 10° spores/ml) of 50 puL and
8 mm mycelial plugs were inoculated at center of each
fruit using the pin prick method (Prasad, 2018). Pusa
Purple Long (PPL) was used as known susceptible
check in the evaluation (Akhtar & Chaube, 2006; Bhat
et al., 2019).

Disease assessment

Disease severity assessments were made at periodical
intervals by scoring of fruits based on a 0—5 disease
rating scale (Prasad et al., 2018). The assessment
scales were 0=0% fruit affected, 1=1-20% fruit
affected, 2=21-40% fruit affected, 3=41-50% fruit
affected, 4=51-70% fruit affected, 5=71-100% fruit
affected.
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Based on disease rating, per cent disease index (PDI)
was calculated (Wheeler 1969).

Per cent disease index (PDI) =

Sum of all dizease rating

® 104

Total number of obeervations x Maximum Scale rating

Based on PDI values calculated the genotypes
disease response was categorized as immune = 0,
resistant =

1-10; moderately or intermediate resistant = 11-20,
moderately susceptible 21-50,

S- Susceptible = 51-75 and HS = 76-100.

Further, AUDPC was calculated based on PDI values
at different time intervals (Campbell & Madden,
1990).

AUDPC=Z[(X, + X, )/2] x (t,, " t)
where,

X.is PDI on day i, X, , is PDI on day i+2, t. is an
assessment day i and t,, is an assessment day i+2.

RESULTS AND DISCUSSION

Pathogen characteristics

The highly virulent pathogen IIHR PV-2 isolate used
in the study exhibited full plate growth by 9" day of
inoculation on potato dextrose agar. On PDA, colony
color was off white, pattern of mycelia was slightly
raised, condensed type, light brown pigmentation was
observed on reverse side of plate. The isolate produced
alpha conidia, which were sub-cylindrical, biguttulate,
single-celled, and hyaline in appearance, measuring
2.43 um in length and 1.57 pum in width (n=25).

Disease assessment of genotypes

Screening of a total 114 genotypes was carried out to
identify resistant source for phomopsis fruit rot
following an artificial inoculation on fruits using pin
prick and mycelial plug inoculation method. In most
of the varieties, the initiation of symptoms, viz.,
formation of water soaked lesion started from the
4™ or 5™ day, which varied with genotypes. Such fruits
developed early symptoms later depicted zonation,
sporulation through pycnidia formation, and they
collapsed through complete rotting by 10" day after
inoculation and a few of which took 7-8 days to show
a minimum of 2-3 mm slight disease symptom
expression, which remained the same till 12-15 days
after inoculation resisting the pathogen progression.
PDI was calculated to compare the severity of disease
across 114 genotypes, to evaluate disease resistance.
Lower PDI values typically indicated higher
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resistance. The AUDPC was calculated by taking into
consideration of the 4 PDI values at regular time
intervals to measure the disease progression over time,
capturing both the rate and the extent of disease
development.

The studied lines were categorized based on the PDI
(Table 2). The fruit infection of the tested genotypes
ranged from 0-100%. The highest percentage of fruit
infection was recorded in Arka Harshitha, BBR 54
depicting their highly susceptible nature for pathogen.
The varieties, namely, Arka Keshav, Arka Neelakanth,
Pusa Kranti, Muktakeshi, Pusa Bhairav and other
genotypes were moderately resistant for the disease.
Resistant reaction has been shown by 14 genotypes
including a wild species Solanum aethiopicum,
released varieties like Pant Rituraj, Arka Nidhi with
a PDI interval of 11-20%. S. viarum (6.67%),
S. indicum (6.67%), and S. melongena genotypes,
JB 7 (6.67%) and IIHR-629 (6.67%), illustrated
highly resistant response and wild species Solanum
torvum (0%) had immune response.

The AUDPC values (Supplementary Table 1) reflect
the severity of disease progression across different time
intervals. Higher values indicate greater susceptibility
to the disease. Genotypes such as EC-383343,
CHBR-1, and EC-316273 displayed the highest
AUDPC values, indicating severe susceptibility, with
values exceeding 400. On the other hand, S. forvum
had the value 0, showcasing its immunity, S. indicum,
had minimal disease progression with an AUDPC
value of 6.67, suggesting strong resistance to the
pathogen. The green segmented, crossable genotypes,
viz., IIHR 629 and BBR-54 had AUDPC values of
15.56 and 320, respectively. A significant number of
genotypes exhibited intermediate resistance, with
AUDPC values ranging between 100 and 300. These
may offer partial resistance but are still vulnerable
under heavy disease pressure. The variability in
AUDPC values across the 114 genotypes emphasizes
the potential for selecting resistant varieties,
particularly those with lower AUDPC values, for
breeding programmes aimed at improving eggplant
resilience for Diaporthe vexans. The area under the
disease progress curve (AUDPC) was notably higher
for the genotype Black Beauty, indicating greater
vulnerability to the disease. In contrast, the lower
AUDPC values for Rosa Bianca and Fairy Tale
suggest them to experience reduced disease severity
compared to Black Beauty, highlighting their potential
for improving resistance (Keinath, 2021). Differences
in susceptibility to phomopsis blight of seven eggplant
cultivars with different fruit types. The genotypes
Hansel and Gretel are less susceptible to Phomopsis
fruit rot.
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Table 2 : Categorization of eggplant genotypes based on per cent disease index for Diaporthe vexans

PDI

Genotype

No. of genotypes

Category

0
1-10
11-20

21-50

51-75

76-100

Solanum torvum
S. viarum, JB-7, S. indicum, IIHR-629

1C-0090087, S. aethiopicum, IC-0089846, EC-0293825, 1C-0090880,
EC-378820, IC-112741, 1C-422570, oblong dark purple, Rosa,
Pant Rituraj, SM 6-6, Arka Nidhi, 1C-0090878

EC-379246, 1C-0099735, 1C-99747, Arka Neelakanth, 2 BMG,
RCMBL-49, Uttara, Arka Avinash, KS 224, IC-111037, I1C-201132,
EC-467271, 1C-0089814, EC-383348, 1C-422586, Muktakeshi, POBL,
IIVR Kavya, PR 5, Arka Keshav, BR 112, IC-0090130, S 228, MAHY
10, Black beauty, 586, IC-111323, IC-113016, DBL-24, CH-1045,
Bijapur Local, Pusa Kranthi, 438-2, Lalith, Very long green,
1C-0602922, EC-379246, 1C-112741, 1C-111037, IC-136321,
1C-144013, IC-0090137, 1C-422583, IC-111073, JB 8, Pusa Bhairav,
MEBH 39

IC-1601418, 1C-362397, I1C-332503, 1C-422582, EC-316285,
IC-111308, oblong light purple, Barshah, SEPO 40, PPL, IC-361841,
1C-0090150, IC-0099750, EG-01-03-02, BSS-79, Ankur, SM 6-6,
1C-0090883, 1C-362386, IC-0603202, IC-332514, EC-396466, MAHY
9, BBB, Dhruva, CH-215, VMG 6, IC-0112357, IC-0602921,
IC-0111076, IC-0510499, I1C-265644, 1C-362390, 1C-90980,
I1C-137681, 1C-345327, 1C-0602924

1C-332514, 1C-332503, DBR-8, 1C-137761, Lalith, BBR 54,

1
4
14

47

37

11

Immune
R
MR

MS

HS

EC-316273, IC-362399, Arka Harshita, EC-383343, CHBR-1

R: resistant; MR: moderately resistant; MS: moderately susceptible; S: susceptible and HS: highly susceptible

While evaluating various genotypes, including wild
and released varieties, for resistance to Diporthe
vexans, only one released variety-classified as a green
segmented type with white stripes-exhibited resistance
to pathogen progression. This variety was compared
to Pusa Purple Long (PPL), a known susceptible check
which has PDI and AUDPC vales of 53.33 and 153.33
respectively. Symptoms in PPL began on the 5" day
after inoculation (DAI), and by 12 day, the fruit had
completely rotted and categorized as a susceptible
genotype as per the PDI categorization. To further
explore the mechanisms behind the resistance in green
segmented types, we examined another variety,
BBR-54, which displayed clear symptom expression
and susceptibility to the disease. Symptoms in BBR-
54 appeared on the 7" DAI, with complete fruit rot
by day 12 (Fig. 2). Among the wild species, S. torvum
exhibited immune to the disease, preventing any
pathogen growth even at 12 days after inoculation.
Solanum viarum showed minimal infection, with only
1-2 mm of disease progression, while S. aethiopicum
had a slightly more advanced infection by day 12, but
not the complete rot otherwise observed in susceptible
variety, indicating its resistance.

Several studies have focused on screening eggplant
cultivars and their wild relatives for resistance to
Diaporthe vexans, revealing differential responses to
infection. S. xanthocarpum, S. indicum, S. gilo,
S. khasianum, and S. sisymbriifolium were reported
as highly resistant species for the disease by Kalda
et al. (1976). Based on field screening, wild relatives
of S. melongena, S. khasianum and S. gilo were
identified as promising sources of resistance.
Interspecific hybrids developed with these identified
resistance sources showed resistance to leaf, stem and
shoot; and fruit infection (Karmakar & Singh, 2017).
Among cultivated types, Ramnagar Giant and KS-233
cultivars has been reported to show moderate
resistance to the fruit rot phase of Phomopsis blight
(Pande et al., 2002). Bhanushree et al. (2022) have
identified highly resistant lines, viz., BR 112, Swarna
Mani, BR 40-7 and IC-112992 as novel source of
resistance against P. vexans. BAU Begun-1 was
identified as resistance source in Bangladesh (Khalil
et al., 2013).
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Fig. 2 : Disease symptoms expression on 12 DAI (A) ITHR-629, (B) S. torvum, (C) BBR-54 and (D) Pusa Purple Long

In our study, we identified a genotype and a few
additional genotypes showing promising resistance and
a few wild species exhibiting high levels of resistance
to D. vexans, which could hold significant potential
for integration into breeding programmes. IIHR-629,
the identified genotype belongs to green segment with
white stripes, no resistance has been reported so far
in this segment. The resistance has been confirmed
through spore inoculation method again showing the
same percentage of PDI. Use of wild species may offer
reproductive barriers, necessitating biotechnological
approaches such as embryo rescue or genetic
transformation to overcome these challenges. The
observed resistance and susceptibility among the
varieties could be attributed to variations in secondary
metabolites, biochemical defense compounds, cuticular
wax composition, or the expression of resistance (R)
genes and quantitative trait loci (QTLs) activated
during different stages of fruit development. These
findings highlight the need for further research to
elucidate the underlying mechanisms of resistance,
which may involve both genetic and biochemical
pathways.

CONCLUSION

The screening of 114 eggplant genotypes revealed
varying levels of resistance to Phomopsis fruit rot
disease, with S. forvum exhibiting immune response.
Additionally, wild species such as S. viarum and
S. indicum, along with the cultivated genotype
ITHR-629, showed resistance. These findings suggest
that resistant genotypes and wild species could serve
as valuable sources for developing disease-resistant
eggplant varieties. The incorporation of resistance
genes from wild species, alongside advanced
biotechnological methods, offers potential for
enhancing eggplant resilience for Diaporthe vexans.
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