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Abstract

Chilli (Capsicum annum L.) is one of the most important vegetable crops worldwide and root rot disease is a significant
threat to its production. This study documented the disease prevalence, incidence, and severity of root rot, as well as
identified the aggressiveness of fungal and oomycetes microbial communities associated with this disease in chilli growing
districts of Punjab, Pakistan. In 2020-21, a field survey was conducted in nine different districts and disease samples were
collected from symptomatic chilli fields. Of the 112 fields visited, 73 were found with symptomatic root rot infection. The
risk of disease prevalence, severity, and incidence was highest in Lahore 87.5%, 69%, and 64.14% respectively, while the
lowest disease prevalence, incidence, and severity were recorded in district Bahawalnagar 16.67%, 14.8%, and 17%
respectively. It is concluded that, the disease prevalence, incidence, and severity level of the disease is higher in Lahore
compared to other chilli growing areas of Punjab, Pakistan. A total of fifteen fungal colonies were isolated and categorized
into two different groups: A=Pathogenic, and B=Non-Pathogenic based on the frequency of detection and pathogenic status.
The pathogenicity and aggressiveness of group-A isolates were tested on the highly susceptible chilli variety ‘Desi’, and it
was concluded that P. capsici and R. solani cause the highest incidence and severity of root rot. Three different culture
media (PDA, MEA, and PARP) were used for isolation, and it was observed that all fungal and oomycetes were easily
isolated on PDA media, and the percentage frequency on PDA media was also maximum as compared to MEA and PARP
media. However, to our knowledge, this is the first study to explore and measure the aggressiveness of fungal and oomycete
pathogens for root rot of chilli in the Punjab region of Pakistan and the first to systematically evaluate various cultural media
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for detection of pathogens associated with this problem.
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Introduction

Chilli pepper (Capsicum annum L.), member of the
family Solanaceae, is an economically important and
essential vegetable crop, grown throughout the world (Tariq
et al., 2014; Al-Snafi, 2015; Mejia-Teniente et al., 2019).
New Mexico is the native place of origin for chilli. It was
brought into the Indo-Pak sub-continent by the Portuguese
from Brazil in 1500 AD (Hussain & Abid, 2011).
Continental Asia contributes about 65% of total global
chilli fruit production while America, Europe, and Africa
produce about 13.3%, 11.9%, and 10.1% respectively. The
estimated global value of fresh and dried chilli fruit is about
$30 billion and $3.8 billion respectively (Zhongming et al.,
2019). In Pakistan, during 2019-20 it was cultivated on an
area of 57.8 thousand hectares with a production of 136.8
million tons (GOP, 2020).

Chilli is a vegetable that is consumed in fresh green
and red dried form as a spice (Welbaum, 2015). Its
spiciness is due to compound capsaicin, present in the
internal membrane, carp, placental tissues of the chilli
fruit (Meghvansi et al., 2010). It contains many essential
nutrients and bioactive compounds which act as anti-
microbial, antioxidant, anti-inflammatory, anti-obesity,
anti-cancer, pain therapy, body temperature regulation,
and anti-viral activities (Khan, 2014). Furthermore, chilli
fruit is not only cholesterol free, but it is also considered a
useful source of vitamins A, B, C, carotenoids, potassium,
phenolics, and folic acid (Perucka & Materska, 2005).

Chilli flourishes in tropical areas of the world because it
requires a warm, humid climate to survive. Chilli plants can
grow up to one meter with an extensively branched stem. Its
fruits are considered as vegetables and botanically it is
known as berries (Saxena ef al., 2016). Seeds of Capsicum
annum are 3 to 5 mm in size, pale or bright yellow in color,
having reniform or discoid shape (Li, 2000).

Quality fruit production of chilli deals with various
constraints of fungal, viral, and bacterial infections. Among
these problems, chilli root rot caused by fungal pathogen is
one of the key factors responsible for low production,
deterioration of both fruit quality and quantity, and
ultimately death of the plant. Characteristics symptoms of
root rot appear at all growth stages of the plant. Yellowing,
wilting, and death of the whole plant occur due to this
infection (Fig. 1). Infected roots also express decaying
symptoms, their outer layer can be easily removed and the
whole plant pulled out easily (Mannai et al., 2018). Wilting
of plants due to the attack of the pathogen has different
morphological characteristics related to abiotic factors
because the involvement of the pathogen in the vascular
system of plants, blocks the xylem and phloem tissues of
the host plants (El-Kazzaz et al., 2008).

Root rot disease is a potential threat to the successful
production of chilli pepper and soil-borne pathogenic fungal
agents associated with that disease can cause huge economic
losses up to 36-56% every year in the country (Parveen ef al.,
2020). For successful management of this potential threat in
chilli, it is necessary to record the incidence, severity and
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prevalence of root rot that will be helpful for policymakers
and researchers to develop a better management strategy
against root rot disease of chilli pepper. For this purpose, a
survey of different chilli growing areas is a prerequisite. That
is why in present study survey was conducted, to document
the disease incidence, severity, and prevalence of root rot
disease and detection of fungal population dynamics
associated with roots of infected chilli plants in major chilli
growing areas of Punjab, Pakistan.

Material and Methods

Survey and assessment of disease prevalence: A survey
was conducted during 2020-2021 for assessment of natural
disease incidence, severity, prevalence, and detection of the
fungal population associated with root rot of chilli in main
chilli producing districts of Punjab including Faisalabad,
Chiniot, Okara, Lahore, Kasur, Sahiwal, Multan, and

No. of diseased plants at a location
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Bahawal Nagar. In district, Chiniot 18 fields were visited
while in district Lahore, Rahim Yar Khan, Muzaffargarh,
Faisalabad, Bahawal Nagar, Okara, Kasur and Sahiwal, 16,
15, 14, 12, 12, 10, 8, 7 fields were visited, respectively and
average field area was about 43560 square feet, and all
fields were more or less the same size. A global positioning
system (GPS) was used to note down the location of each
chilli field. Longitude and Latitude were also considered
for each field. Disease assessment was done based on
typical symptoms of chilli root rot. The prevalence
percentage of chilli root rot was recorded by using the
following formula (Daunde ef al., 2018).

No. of infected fields
Total no. of observed fields

Disease prevalence (% age) = 100

The incidence of chilli root rot was also recorded by
the following formula (Teng & James, 2002).

Disease incidence (% age) =

100

Total no. of observed plants at a location

Fig. 1. Chilli pepper field and plants showing root rot symptoms; A) Complete death of a chilli field infected by root rot pathogen
showing burning like symptoms, B) Showing the appearance of root rot disease in patches in chilli field, C) Infected plant showing
permanent wilting symptoms in chilli field, D) The cross-section of infected chilli plant showing root rot symptoms, E) Splitting root

of infected chilli plant showing browning vascular system.
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Table 1. Rating scale for assessment of disease severity.

Severity

Observation
scale

0 No. infection on roots

1-25% Root surface with visible lesions < 3 mm
26-50% Root surface with visible lesions 3 to 5 mm
51-75% Root surface with visible lesions > Smm

> 75% Root surface with visible lesions (lesions girdling)
100 % Roots completely discolored and plant dead

L N O R S R

Disease severity for root rot of chilli was calculated
from each field. The following disease rating scale was
used for disease severity (Table 1 and Fig. 6).

Severity percentage was calculated by using the
following formula (Oljira & Berta, 2020).

Sum of numerical rates
Number of plant scored x
Maximum score on scale

Disease severity

(% age) = x 100

Isolation, purification, and identification of fungal
isolates associated with root rot of chilli: Three
different standard media (PDA; Potato Dextrose Agar,
PARP; Pimaricin-Ampicillin-Rifampicin-PCNB  and
MEA; Malt Extract Agar) were used to isolate the fungal
pathogens associated with collected diseased sample of
root rot of chilli from different locations. Roots of
infected plants were cut into small pieces, and surface
disinfestation was done with 1% sodium hypochlorite
solution, following two consecutive washings with
sterilized distilled water, and dried on filter paper. All
three media were poured into sterilized Petri dishes (90
mm) in the laminar airflow chamber and solidified. After
solidification, samples were cultured on these Petri plates
and incubated at + 25°C. Growing fungal colonies were
observed every 24, 48, and 72 hours and transferred on
new Petri plates containing the same media for
purification. The identification of pure fungal isolates
was done under a microscope by observing distinguish
morphological characters as described by Dugan (2017).

Determination of most aggressive fungal isolate
causing root rot of chilli in geographical area of
Punjab: Based on available literature, all 15 fungal
isolates were categorized into two main groups: Group-
A=Pathogenic, Group-B=Non-pathogenic. All members
of Group-A multiplied, and their spore suspensions were
prepared from 10 days old culture growth in autoclaved
distilled water. The spore suspension was adjusted for
each isolate at 1 x 10° spores/mL by wusing a
hemocytometer. Formalin was used to disinfect the soil.
The earthen pots of 30 cm diameter were filled with
disinfected/sterilized soil. Three pots for each fungal
isolate were taken separately and prepared spore
suspensions were drenched in these pots. Thirty days old
healthy chilli seedlings (6-8cm height) of highly
susceptible chilli cultivar ‘Desi’ were taken from the
seedling tray and shifted two plants per pots in each
treatment. Control treatments were arranged without the
accumulation of any tested fungal isolate. This

379

experiment was conducted in greenhouse conditions
under careful observation in the field area of The
Department of Plant Pathology, UAF. Data for the
variable degree of aggressiveness for each tested fungal
isolates was taken according to the disease severity scale
(Table 1), time to start of first disease symptoms, and time
to complete plant death. After the appearance of severe
disease symptoms, plants root samples were taken and re-
isolation was carried out from this artificially inoculated
disease to justify Koch’s postulates (Ignjatov ef al., 2018).

Results

Disease prevalence: Root rot disease was observed in all
potentially growing chilli districts of Punjab: Faisalabad,
Chiniot, Okara, Lahore, Kasur, Sahiwal, Multan, Rahim
Yar Khan and Bhawal Nagar. The maximum disease
prevalence was noted in district Lahore 87.5%, followed
by Rahim Yar Khan, Chiniot, Muzafar garh, Faisalabad,
Sahiwal, Okara, Kasur, and Bahawal Nagar with 80%,
77.78%, 71.42%, 66.67%, 57.14%, 50%, 50%, and
16.67 % respectively (Fig. 2).

Natural disease incidence and severity in farmer fields
of different districts of Punjab: Sixteen chilli fields
were visited in district Lahore from which 14 were
attacked by root rot disease and pairwise mean
comparison analysis showed that the maximum disease
incidence in district Lahore was 64.14% while the
minimum was 27.76% with an average of 44.17%. The
highest severity index of root rot of chilli in district
Lahore was observed 69% the minimum was 33% while
the average disease severity in this district was recorded
41.63% (Table 2).

In district Rahim Yar Khan fifteen chilli fields were
surveyed among them 12 fields were infected with root
rot while three were free from disease and pairwise
mean comparison test showed that the highest incidence
of root rot was 46.73% and the lowest incidence was
25.7% with an average of 26.14%. While the highest
severity of disease was found to be 61%, the minimum
was 32% and the average disease severity was 34.8% in
this district (Table 2).

In district Chiniot, root rot disease was calculated in
18 different fields whereas disease was present in 14
fields and pairwise means comparison showed that the
maximum, minimum and average disease incidence was
44.73%, 27.56% and 29.93% respectively. While in this
district, the maximum severity was observed 55%, the
minimum was 36% and the average disease severity was
32.33% (Table 2).

Fourteen chilli fields were visited in district
Muzaffargarh from which 10 were found root rot infected
and pairwise mean comparison analysis showed that the
maximum disease incidence in this district was calculated
41.4 %, the minimum was noted 24.81%, while the average
was 23.08%. The highest severity index of root rot of chilli
in district Muzaffargarh was observed 53%, the minimum
was 29% with an average of 25.69% (Table 2).



380

MUHAMMAD USMAN ALIET AL.,

Table 2. Disease incidence (maximum, minimum and average) percentage and disease severity (maximum, minimum
and average) percentage due to root rot infection in farmer fields in core chilli growing districts (Faisalabad, Chiniot,
Kasur, Okara, Lahore, Sahiwal, Muzafar garh, Rahim Yar Khan and Bahawal Nagar) of Punjab, Pakistan.

Disease incidence (%oage)

Disease severity (%oage)

Districts
Max. l Min. ‘ Avg. Max. | Min. ‘ Avg.
Faisalabad 42.67 30.5 26.45 51 31 27.17
Chiniot 44.73 27.57 29.93 55 37 32.33
Kasur 42.17 24.43 16.65 41 21 17.38

Okara 43.16 25.03 18.41 49 23 18

Lahore 64.14 27.76 44.17 69 33 41.63
Sahiwal 33.13 20.73 15.28 47 25 17.86
Muzafar garh 41.4 24.81 23.08 53 29 25.69
Rahim Yar Khan 46.73 25.7 26.14 61 32 34.8
Bahawalnagar 27.47 14.8 3.52 32 17 4.08

In Faisalabad 12 different chilli fields were surveyed
among them 8 fields were infected with root rot while 4
were not infected and pairwise mean comparison test
showed that the highest incidence of root rot was
observed 45.7%, the lowest was 30.5% with an average of
26.45%. In this district, the highest severity of disease
was 51%, the minimum was 31% while the average was
calculated as 27.17% (Table 2).

In district Sahiwal, root rot disease was calculated in
seven different fields, whereas, disease was present in 4
fields and 3 were observed with no infection and pairwise
means comparison showed that the maximum incidence
was 33.13%, minimum was 20.74% and the average was
15.28%. In this district, the maximum, minimum and
average disease severity was calculated 47%, 26% and
17.86% respectively (Table 2).

Ten different chilli fields were visited in district
Okara from which 5 fields were found to be root rot
infected while 5 were free from this infection and
pairwise mean comparison analysis showed that the
maximum disease incidence in this district was calculated
43.16%, the minimum was 25% and an average was
18.41%. The highest severity index of root rot of chilli in
district Okara was observed 49%, the minimum was 23%
with an average of 18% (Table 2).

In Kasur 8 chilli field was surveyed among them 4
fields were infected with root rot while others were not
infected and the pairwise mean comparison test showed
that the highest, lowest, and average disease incidence of
root rot was observed 42.16%, 24.43% and 16.65%
respectively. In this district, the highest severity of disease
was 41%, the minimum was 21% with an average of
17.38% (Table 2).

Twelve chilli fields were visited in district
Bahawalnagar from which only 2 were found root rot
infected while the remaining were free from disease and
pairwise mean comparison analysis showed that the
maximum disease incidence in this district was 27.1%, the
minimum was 14.8% as an average of 3.52. The highest,
lowest, and average severity index of root rot of chilli in
district Bahawal Nagar was observed 32%, 17% and
4.08% respectively (Table 2).

A total of fifteen fungal isolates were isolated from
infected chilli plant roots collected from nine potentially
chilli growing districts of Punjab, Pakistan. Identification
of these isolated fungal colonies was done on the basis of
colony growth shape and pigmentation as well as
microscopic (mycelium & spore color, shape, and size)
characteristics. These fifteen fungal isolates were
identified under a microscope (BioLogVision Microscope
Model H300M) as Phytophthora capsici (Akter et al.,
2007), Pythium aphanidermatum (Lodhi et al., 2013),
Pythium debaryanum, Pythium myriotylum (Hyder et al.,
2018; Dubey et al., 2020), Ceratobasidium sp. (Tariq et
al., 2020), Rhizoctonia solani (Ajayi-Oyetunde, &
Bradley, 2017), Verticillium dahlia (Yu et al., 2016),
Macrophomina phaseolina (Siddique et al., 2021),
Fusarium oxysporum, Fusarium solani (Leslie &
Summerell, 2008), Alternaria spp. (Siciliano et al.,
2017), Aspergillus flavus, Aspergillus niger (McClenny,
2005), Penicillium spp. (Bandh et al, 2011) and
Rhizopus spp. (Gryganskyi et al., 2018). From these
Phytophthora capsici, Rhizoctonia solani and Pythium
aphanidermatum  were isolated more frequently
compared to other pathogenic isolated colonies. The
maximum frequency percentage of fungal isolates in
district Faisalabad, Chiniot, Okara, Lahore, Kasur,
Sahiwal, Multan, Bahawalnagar and Rahim Yar Khan
was Rhizoctonia solani (30.8%), Pythium debaryanum
(23.5%), Rhizoctonia solani (28.6%), Phytophthora
capsici  (25%),  Phytophthora  capsic  (29.4%),
Rhizoctonia solani (33.3%), Rhizoctonia solani (33.3%),
Pythium aphanidermatum (40%) and Rhizoctonia solani
(20%) respectively. The frequency percentage of each
fungal isolate was shown in (Fig. 3).

Three different culture media (PDA, PARP, and MEA)
were evaluated for isolation of fungal and oomycetes
population associated with chilli root rot in potentially
growing districts of Punjab, Pakistan. During this analysis
it was observed that all fungal isolates were easily isolated
on PDA media (Table 3) and the percentage frequency of
fungal isolates on PDA media was maximum compared to
MEA and PARP media (Fig. 4).
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Lahore (87.5%)

Rahim Yar Khan (80%)

Chiniot (77.78%)
Muzafargarh (71.42%)

Faisalabad (66.67%)

Sahiwal (57.14%)

Okara (50%) 1\«_;-:;:_-:”“
Kasur (50%)

Bahawalnagar (16.67%)

Fig. 2. Geographical map showing natural disease prevalence percentage for root rot of chilli in major chilli growing districts
(Faisalabad, Chiniot, Kasur, Okara, Lahore, Sahiwal, Muzafargarh, Rahim Yar Khan, and Bahawalnagar) of Punjab, Pakistan.
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Fig. 3. Frequency Percentage of fungal isolates, Isolated from collected samples of infected chilli roots from different districts; Kasur, Okara,
Lahore, Faisalabad, Chiniot, Sahiwal, Rahim Yar Khan (RYK), Muzafar garh (M. garh), and Bahawalnagar (BWN) of Punjab, Pakistan.
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Fig. 4. Evaluation of three different growth media for detection of fungal population associated with chilli root rot.
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Disease Severity Scale 0-5

Fig. 6. Disease severity scale 0-5 showed the disease rating on
the basis of symptoms on chilli plant; 0=Healthy Plant/No
infection; 1= 1-25% infection on chilli plant, 2= 26-50 %
infection on chilli plant, 3= 51-75 % infection on chilli plant,
4=>75% infection on chilli plant, 5= 100% roots infected.

Determination of most aggressive fungal isolate causing
root rot of chilli in geographical area of Punjab: Total
fifteen fungal and oomycetes colonies were identified as P,
capsici, P aphanidermatum, P. debaryanum, P. myriotylum,
Ceratobasidium sp., R. solani, V. dahlia, M. phaseolina, F.
oxysporum, F. solani, Alternaria spp., A. flavus, A. niger,
Penicillium spp. and Rhizopus spp.. All of these isolates have
been divided into two different groups. Group ‘A’ contains P
capsici, P aphanidermatum, P. debaryanum, P. myriotylum,
R. solani, V. dahliae, M. phaseolina, F. oxysporum and F
solani, while group ‘B’ contains Alternaria spp.,
Ceratobasidium sp., A. flavus, A. niger, Penicillium spp. and
Rhizopus spp. Total 9 fungal isolates were placed in group
‘A’ all were common and frequently reported as pathogenic
for chilli crop causing root rot infection, while in group ‘B’
total of 6 isolates were placed, all these isolates were less
frequently isolated and considered as non-pathogenic for root
rot disease in chilli plant the members of the group ‘A’ were
taken and tested on most susceptible chilli variety ‘Desi’ to
confirm the pathogenic and aggressiveness status of each
isolate. During our experiments, data was recorded for: a)
time to start disease, b) time to start mortality, c) disease
incidence d) disease severity.

Time to start disease (TSD): Time to start disease
appearance after inoculation of each isolate was recorded
and it was found that the chilli plants inoculated with P
capsici and R. solani separately, started showing symptoms
just after 8 and 10 days of post inoculation respectively,
while root rot disease symptoms in P. aphanidermatum, P.
debaryanum, P. myriotylum, V. dahlia, M. phaseolina, F.
oxysporum and F. solani, inoculated chilli plants started
showing symptoms of disease 19, 23, 21, 26, 27, 14, 17
respectively, after inoculation (Fig. 5A).

Time to start mortality (TSM): Time to start mortality
after inoculation of each isolates was documented and it
was observed that the chilli plants inoculated with P.
capsici and R. solani separately, started showing the
plant mortality symptoms after 19 and 21 days of post

MUHAMMAD USMAN ALIET AL.,

inoculation respectively while started of mortality like
plant symptoms in P. aphanidermatum, P. debaryanum,
P myriotylum, V. dahlia, M. phaseolina, F. oxysporum
and F. solani inoculated chilli plants were shown after
43, 41, 46, 51, 53, 32 and 36 days of post inoculation
respectively (Fig. 5B).

Disease Incidence (%): Root rot disease incidence was
calculated for each tested fungi and it was concluded that
the highest disease incidence 100% and 96.6% was caused
by P capsici and R. solani, respectively, while P
aphanidermatum, P. debaryanum, P. myriotylum, V. dahlia,
M. phaseolina, F. oxysporum and F. solani exhibited
disease incidence 86.6, 76.6, 80, 70, 73.3, 90 and 83.3%
respectively in inoculated chilli plants (Fig. 5C).

Disease severity: Disease severity was documented for
each tested fungi and it was observed that the highest
disease severity was caused by P. capsici and R. solani,
while P. aphanidermatum, P. debaryanum, P. myriotylum,
V. dahliae, M. phaseolina, F. oxysporum and F. solani
were less severe as shown in (Fig. 5D).

Discussion

The root rot disease in chilli plants is a severe and
important problem that damages many fields in each
growing season. During this study, a total of 112 chilli
fields were visited, out of which 72 fields were infected
with root rot disease in all surveyed districts of Punjab.
The highest disease prevalence of root rot disease in
chilli was calculated in district Lahore 87.5%, followed
by Rahim Yar Khan, Chiniot, Muzafar Garh, Faisalabad,
Sahiwal, Okara, Kasur, and Bahawal Nagar with 80%,
77.78%, 71.42%, 66.67%, 57.14%, 50%, 50%, and
16.67 % respectively. The rate of root rot infection is
highly dependent on the virulence of causal agent, host
susceptibility, and environmental conditions; in case of
favorability of these factors, the whole field can be lost
(Bodah, 2017).

During the current survey, the maximum level of
disease incidence was calculated from district Lahore
64.14% while the minimum was recorded in
Bahawalnagar 14.8%. During a study the disease
incidence due to Pythium spp. affecting the chilli crop in
Punjab Pakistan was documented and maximum disease
incidence was observed 45.4% in district Okara (Hayder
et al., 2018). A highly catastrophic disease resulting in
complete crop destruction due to the occurrence of
Phytophthora root rot on chilli crop was also reported in
Peshawar and Malakand division of KPK Province-
Pakistan (Din ef al., 2012). The highest disease severity
for root rot of chilli was found in district Chiniot and
Lahore 87% each followed by Rahim Yar Khan,
Muzaffargarh, Faisalabad, Sahiwal, Okara, Kasur, and
Bahawalnagar 84%, 81%, 78%, 71%, 69%, 83%, 52%
respectively. It is concluded that, the disease incidence
and severity level of root rot is higher in fields of district
Lahore. But the tendency of disease severity is different
than that of disease incidence. The current study also
reflects the same pictures of the disease with high disease
incidence and severity level.



FUNGAL PATHOGENS ASSOCIATED WITH CHILLI ROOT ROT

Variations in disease incidence and severity might
be due to wvariability in inoculum quantity and
temperature of each district. The large population of plant
pathogens was responsible for higher disease incidence
for black root rot of cucumber (Ebben & Last, 1973).
Another study conducted by Shishido et al., (2016)
showing that disease development was dependent upon
the soil inoculum quantity. The authors concluded that
the disease developments in plant roots were directly
proportional to the soil inoculum density. Our findings
also reflected that the districts where a high fungal
population was detected had high disease incidence and
severity. Climatic conditions, especially temperature play
a significant role in the development of plant diseases
(Cheng et al., 2013) and the growth of pathogens
(Doohan et al., 2003)). In Pakistan, the average
temperature range is about 25-35°C during most of the
year (Parveen et al., 2020) which is highly favorable for
the occurrence of most common soil-borne fungi and
oomycetes associated with root rot infection in chilli. The
optimum temperature range for growth of P. capcisi is
26-33°C (Shelley et al., 2018), for R. solani is 26-30°C
(Papavizas & Klag, 1970), for F. oxysporum is 25-30°C,
for F. solani is 27-30°C (Domsch et al., 1980) and for M.
phaseolina is 28-35°C (Dhingra & Sinclair, 1978).

Different soil-borne fungi and oomycetes attacking roots
of crop plants have been reported in Pakistan (Parveen ef al.,
2020). During this study 15 different fungal colonies were
isolated and identified as Phytophthora capsici, Pythium
aphanidermatum, — Pythium  debaryanum,  Pythium
myriotylum,  Ceratobasidium sp., Rhizoctonia solani,
Verticillium dahlia, Macrophomina phaseolina, Fusarium
oxysporum, Fusarium solani, Alternaria spp., Aspergillus
flavus, Aspergillus niger, Penicillium spp., and Rhizopus spp.
from which Phytophthora capsici, Rhizoctonia solani, and
Pythium  aphanidermatum were found more frequent
compared to other pathogenic isolated fungal isolates. Due to
the involvement of more than one causal agent, this disease
is known as root rot complex. Some typical examples of
complex plant diseases are the root rot complex of pea
attributed to Phytophthora spp., A. euteiches, R. solani and
Pythium spp., F oxysporum, F avenaceum, F. solani,
Moycosphaerella pinodes (Xue, 2003; Hosseini et al., 2015);
Zitnick-Anderson et al., 2018) and the black root rot disease
of strawberry caused by Rhizoctonia, Pythium and Fusarium
pathogens (Manici et al., 2005; Louws et al., 2012). Our
findings clearly support the previous studies that; chilli crop
is attacked by several soil-borne pathogenic fungal species
which are responsible for high losses in quality and
production of chilli fruit in various parts of the world (Lu et
al., 1984; Abada, 1994; Mushtaq & Hashmi, 1997). R.
solani, M. phaseolina, F. solani, F. oxysporum and Pythium
sp. were detected from root rot infected specimens collected
from different locations of Sindh province of Pakistan and
concluded that R. solani and Pythium sp. were more
pathogenic compared to others (Hussain et al., 2013). The
occurrence of these root rot associated soil-borne fungal
pathogens in Pakistan is due to a favorable temperature range
between 25 to 35°C which prevails in most parts of the year
(Parveen et al., 2020).
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All these isolates were classified into two different
groups. Group ‘A’ contains nine fungal isolates P. capsici, P
aphanidermatum, P. debaryanum, P. myriotylum, R. solani,
V. dahlia, M. phaseolina, F oxysporum and F. solani, all
were reported as more frequent pathogens for chilli crop
causing root rot infection. In this study all these isolates were
tested for their pathogenic and aggressive behavior for chilli
plants on the basis of different parameters: time to start
disease symptoms, time to start plant mortality, disease
incidence percentage, and disease severity scale. Our results
showed that P capsici and R. solani were the most
aggressive fungal pathogens compared to other tested
isolates for root rot disease in chilli crop.

During this study, three different growth media (PDA,
PARP and MEA) were used for isolation of all possible
fungal populations associated with disease samples
collected from each district. During this evaluation, it was
observed that all fungal isolates were easily isolated on
PDA media and the percentage frequency of fungal isolates
on PDA media was highest compared to MEA and PARP
media. Our finding indicates that PDA is one of the best
growth media for detecting all possible fungal isolates
associated with root infection in chilli plants.

Conclusion

The present study concluded that the root rot of chilli is
a highly prevalent disease in current and potentially chilli-
growing areas of Punjab, Pakistan. The disease prevalence
was most severe in district Lahore, Rahim Yar Khan and
Chiniot while the minimum was recorded in district
Bahawalnagar. A total of 15 different fungal isolates were
detected from which Phytophthora capsici and Rhizoctonia
solani were found to be more frequent and aggressive
pathogens compared to other isolates. The assessment of this
study delivers valuable information to the researchers to
conduct an advanced study for the development of suitable
strategies for effective management of root rot of chilli when
multiple pathogenic agents are present. This may increase the
production and quality of chilli crops by minimizing the root
rot infection in chilli fields.
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