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Abstract

A roving survey was conducted during rabi (December, 2023) in major chilli producing areas of Telangana i.e., Warangal, Mahabubabad
and Khammam to assess the fruit rot incidence and distribution in the state. Samples were collected at harvesting stage from 14 villages
of 3 districts in Telangana. Maximum disease incidence of 67.59% was observed in Jagguthanda village of Khammam district and minimum
disease incidence of 9.90% was recorded in Banjarathanda village of Mahabubabad district. Maximum mean disease incidence was observed
in Khammam district (36.45%) followed by Warangal (36.29%). Chapata variety exhibited maximum mean incidence (55.60%) and Teja
gemini exhibited minimum mean incidence (21.78%). Fruit rot incidence was more in red chalka soil (48.93%) followed by sandy loam
soil (40.13%). Maximum mean disease incidence was observed in flooding (42.45%) and minimum mean disease incidence was noticed in
check furrow (17.31%). Farmers cultivating chilli over years without crop rotation is also a reason for severe incidence of chilli fruit rot. In
the field symptoms of leaf curl and traces of fusarium wilt was observed. According to Principal Component Analysis (PCA), it was found
two principal components are significant, and % disease incidence has a strong influence on the principal components. % disease incidence
contributed maximum to variance followed by village, soil type, variety and irrigation. In PCA biplot, variables in the same direction and
close to each other have a positive correlation. Results showed positive correlation for variety and irrigation.

Keywords: Alternaria spp., chilli, fruit rot, disease incidence, PCA

1. Introduction lotions (Bannerjee and McCormack, 2020; Basith et al., 2016).
Capsaicin can suppress the development and progression of
multiple human cancer types, including breast, lung, prostate,
gastric, renal, oral, and liver cancers (Basith, et al., 2016;

. . .. . . Chapa-Oliver and Mejia-Teniente, 2016; Clark and Lee, 2016;
its fruits are the powerhouse of antioxidants such as vitamin

. . . Wau et al., 2020).

A, flavonoids, B-carotene, a-carotene, lutein, zeaxanthin

and cryptoxanthin. It also contains carbohydrates, minerals, In India, major chilli producing states are Andhra Pradesh,
proteins, amino acids and phytochemicals (Moreno-Ramirezet ~ Telangana, Madhya Pradesh, Karnataka and West Bengal. In
al., 2018; Saha and Bera, 2021; Viysali and Mishra, 2024). India India, chilli production estimate was 15.78 lakh t for 2021-22
reigns as the world’s largest producer, consumer and exporter ~ as against 20.49 lakh tin 2020-21 (Anonymous, 2021). Indian
of chilli meeting the needs of domestic and international trade. ~ chili peppers are globally renowned for their exceptional
(Abarna et al., 2019; Kiruthika, 2024). Chilli contains numerous  quality, characterized by two key attributes: their vibrant color
health benefits like controlling cholesterol, blood pressure, and intense pungency, making them a highly prized commodity
and diabetes, while also combating cancer, blood clotting, and  in the international spice market. Telangana contributes
respiratory issues like cold and fever, and boosting digestive  22% of the total chilli cultivation area and 46% of the chilli
health (Nawaka et al., 2022; Sarfaraz, 2022). Capsaicin is the  production in India. The major chilli growing districts are
bioactive compound responsible for the spicy and pungent Khammam, Mahabubabad, Gadwal, Suryapet and Warangal
flavor of chili. Capsaicin’s analgesic properties make it a key  (Rural). Telangana chilli production estimate was 5.21 lakh t
ingredient in over-the-counter pain-relieving creams, gels,and  for 2022-23 as against 7.16 lakh t in 2021-22 (Anonymous,

Chilli (Capsicum annuum L.) is an important vegetable
belongs to the family Solanaceae. In India, it is considered
as an important spice, vegetable as well as a cash crop and
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2022). Production of chilli is reduced due to biotic-abiotic
constraints which exploit its extreme delicacy and succulent
nature making it vulnerable to many diseases and pests (Vijay
et al., 2023; Ponnam et al., 2024)

Chilli anthracnose causes a yield loss of 10-80% in India.
Notably, Telangana has experienced the most severe losses,
with yield reductions reaching as high as 80—-89% (Kavy
et al., 2024). Colletotrichum capsici, C. gloeosprioides, C.
acutatum, Colletotrichum scovillei, C. siamense, C. fructicola,
C. brevisporum, Epicoccum latusicollum. Alternaria alternata
and Fusarium spp. (Machenahalli et al., 2014; Kumari et al.,
2022; Nguyen et al., 2024) are known to be associated with
the chilli fruit rot complex. Fruit rot is a major challenge in
chilli production, resulting in significant losses in quality, yield
and market value (Ridzuan et al., 2018; Fajardo-Rebollar et al.,
2021). In India, Alternaria fruit rot in chilli was first reported
in Delhi (Dutt, 1937). Currently, it is becoming a serious threat
to the chilli crop. Alternaria, a genus of Ascomycete fungi, is a
significant contributor to agricultural spoilage, accounting for
at least 20% of global crop losses. In severe cases, Alternaria
species can cause devastating yield reductions of up to 80%
(Rathod, 2022). Balamurugan and Kumar (2023) reported
symptoms of A. alternata causing fruit rot of chilli began
with a dense, white-greyish mycelium spreading across
infected fruits, accompanied by advancing rotting lesions.
As the fungal infection progressed, the growth transformed
into greenish-black powdery masses. This led to loss of
fruit structural integrity, shrinkage and eventual collapse.
Therefore, this study was conducted with an objective to study
the occurrence and disease instensity of Alternaria fruit rot
in Telanagana state.

2. Materials and Methods

An extensive survey was conducted during rabi (December,
2023) in major chilli growing areas of Telangana i.e., Warangal,
Khammam, and Mahabubabad in order to study the incidence
and prevalence of Alternaria fruit rot. A total of 14 villages
were covered under these 3 districts. A range of 5 to 10 fields
were visited in each district and a distance of minimum 10-15
km was allowed between the field. A total of 19 fields were
covered in 3 districts in Telangana state, and information
on cultivars grown, soil type, irrigation method, fruit rot
incidence and other diseases observed in the farmer’s field
was recorded. At each location, 10 plants were randomly
selected in a zigzag pattern during the harvesting stage,
representing the entire field. The number of diseased and
healthy fruits on each plant was recorded. By using total no.
of fruits and no. of infected fruits plant?, disease incidence
was calculated using the following formula (Thori, 2012).
% Disease index=(Number of infected fruit samples/total
number of fruits evaluated)x100. The chilli fruits infected
with Alternaria fruit rot symptoms were identified, collected,
packed in brown paper bags, labelled, and it was further used
for isolation of the pathogen.
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Later, the survey data was standardized by scoring common
variables and characteristics. Subsequently, Principal
Component Analysis (PCA) was performed using R software.

3. Results and Discussion

3.1. Occurrence and distribution of fruit rot of chilli

Aroving survey was conducted during rabi December, 2023 in
three major chilli growing districts of Telangana i.e., Warangal,
Khammam, and Mahabubabad. Samples exhibiting visible fruit
rot symptoms were collected from the field and information
regarding cultivar grown, soil type, irrigation method, fruit rot
incidence and other diseases observed in the farmers field was
recorded (Table 1) (Figure 1 A and B). Characteristic symptom
of chilli fruit rot observed in green fruits as small brown lesion
surrounded by yellow halo. As the fruit matures, the lesion
enlarges and forms into sunken irregular patches, which were
dark black or greyish or green leathery in appearance. Lesions
covered the entire fruit, and the fruit becomes soft, shrivelled,
rotted and finally drops off. Symptoms of disease was also
observed on leaves, stem, petiole, seeds and the infection
affect quality of fruit (Figure 2).

TELANGANA

5
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Figure 1: A) Map showing major chilli growing districts of
Telangana; B) Map showing sample collection sites in chilli
growing areas. AHigh disease incidence;DMedium disease
incidence; v low disease incidence

(
infected pods, B: fruit rot infected sample after grading during
harvesting time)

From Table 1, it was evident that fruit rot % disease incidence
ranged from 9.90 - 67.59. Maximum disease incidence was
recorded in Jagguthanda village of Khammam district (67.59)
followed by Kogilvai village of Warangal district (60.12),
Macherla village of Mahabubabad (51.03) and Govindrale
village Khammam (48.08). Minimum % disease incidence was
recorded in Banjarathanda village of Mahabubabad district
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Table 1: Data collected during sample collection from chilli growing fields of Telangana during 2023-24

District Mandal  Village Latitude Longitude Previ- Variety Irrigation  Stage Other Soil % Dis-
N° E° ous ofthe  dis- type ease
crop crop eases inci-
grown (Das) dence
Waran- Damera  Kogilvai 18.112378 79.60952  Chilli  Chapata Corruga- Har- Leaf Red 60.12
gal tion vesting curl chalka
Waran- Damera  Kogilvai 18.112248 79.60824 Chilli  Teja341 Corruga- Har- Leaf Red 37.04
gal tion vesting curl chalka
Waran- Damera  Kogilvai 18.114432 79.60811 Chilli  Teja341 Ridgeand Har- Leaf  Sandy 32.29
gal furrow vesting curl loam
Waran- Damera  Kogilvai 18.120713 79.654596 Chilli  Tejaswini Ridge and Har- Leaf  Sandy 29.31
gal furrow vesting curl loam
Waran- Damera  Pulkurthy 18.120131 79.652242 Chilli  Tejaswini Flooding Har- Leaf Black 24.83
gal vesting curl
Waran-  Atmakur Pasragon- 18.104241 79.663264 Chilli  Tejaswini Corruga- Har- Leaf Black 24.65
gal da tion vesting curl
Waran- Atmakur Pasragon- 18.099219 79.668008 Chilli Teja341 Ridge and Har- Leaf Red 45.79
gal da furrow vesting curl chalka
Maha- Gudur Macherla 17.771682 80.000768 Chilli  Teja Ridge and Har- Fusar- Clay 10.89
bubabad gemini furrow vesting ium loam
wilt
Maha- Gudur Macherla 17.771718 80.001088 Chilli  Chapata Ridge and Har- Leaf  Sandy 51.03
bubabad furrow vesting curl loam
Maha- Gudur Konga- 17.731103 80.021862 Chilli  Tejaswini Drip ir- Har- Fusar- Sandy 23.40
bubabad ragidda rigation vesting ium loam
wilt
Maha- Gudur Sumal- 17.682225 80.033137 Chilli  Tejaswini Drip ir- Har- Fusar- Sandy 31.94
bubabad athanda rigation vesting ium loam
wilt
Maha- Maha- Khambal- 17.66902 80.053643 Chilli  Teja Ridge and Har- Fusar- Sandy 32.68
bubabad bubabad polla gemini furrow vesting ium loam
wilt
Maha- Kuravi Banja- 17.571078 80.069382 Chilli  Tejaswini Check Har- Fusar- Clay 9.90
bubabad rathanda and fur-  vesting ium loam
row wilt
Kham- Singareni Usirkay-  17.548897 80.322181 Chilli  Tejaswini Ridge and Har- Fusar- Black 26.25
mam alapalli furrow vesting ium
wilt
Kham- Singareni Komagu- 17.483248 80.30034 Chilli  Tejaswini Check Har- Nil Black 24.71
mam dam and fur-  vesting
row
Kham- Kame- Jag- 17.473719 80.283384 Chilli  Tejaswini Flooding Har- Leaf Red 67.59
mam palli guthanda vesting curl chalka
Kham- Kame- Govin- 17.404995 80.242995 Chilli  Tejaswini Ridge and Har- Leaf Red 48.08
mam palli drale furrow vesting curl chalka
Kham- Kham- Venkatay- 17.304905 80.090117 Chilli  Tejaswini flooding  Har- Fusar- Red 34.94
mam mam apalam vesting ium chalka
wilt
Kham- Kham- Valay- 17.341924 80.074085 Chilli  Tejaswini Ridge and Har- Leaf Clay 17.15
mam mam athande furrow vesting curl loam
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(9.90). The mean maximum % disease incidence was observed
in Khammam district (36.45) followed by Warangal (36.29)
and Mahabubabad (26.64). Suresh et al. (2022) reported high
incidence of Alternaria fungi in chilli during 2015 Rabi season
in Nadia district, West Bengal. % Leaf disease intensity was
recorded as 83.00 and % fruit disease intensity was recorded
as 77.00. Goswami and Mishra (2022) reported A. alternata
causing chilli leaf spot in Jabalpur recording a % disease
incidence from 20.00 to 40.00.

Among the different varieties grown, maximum mean %
disease incidence was seen in Chapata variety (55.60) followed
by Teja 341 (38.37) and Tejaswini (31.41). Minimum mean %
disease incidence was seen in Teja gemini (21.785). Samples
were collected at the harvesting stage as maximum disease
incidence was seen on ripe fruits. Kumari et al. (2022) found
that mature ripe chili fruits exhibited a higher severity of fruit
rot disease (34.50%) compared to immature fruits (8.50%) and
semi-ripe fruits (20.65%).

Information regarding soil type observed in the locations
indicates that red chalk soils might be the reason for more
% disease incidence (48.93) in the districts of Warangal
and Khammam, followed by sandy loam soil (40.13) in
Mahabubabad and Warangal districts. Lowest % disease
incidence was observed in clay loam soil (12.65) of
Mahabubabad and Warangal. In red chalka disease incidence
was observed more as soil crust may be formed due to heavy
rain which cause no infiltration of water. Nutrient deficiency
and lack of beneficial microorganisms are also factors for
disease proneness. Similarly, high chilli fruit rot incidence
was recorded in red soil (25.15-36.15) by Kumar et al. (2019)
during their survey in Krishnagiri and Cuddalore districts of
Tamil Nadu.

Among the different irrigation systems, maximum mean %
disease incidence was noticed in flooding (42.45) followed
by corrugation (40.60), and ridge and furrow method
(34.54). Minimum mean % disease incidence was noticed
in check furrow (17.305) followed by drip irrigation (27.67)
situations. Flooding creates a wet environment and reduce
air circulation. Thus, high humidity and prolonged moisture
are ideal condition for Alternaria fungi. The fugus was found
to grow and sporulate under heavy rain, dew and good soil
moisture conditions (Singh, 2015). Further, it was also reported
that Alternaria seedling blight was severe with increase in soil
moisture (Mundel et al., 1997).

The incidence of anthracnose disease increased as farmers
practiced monocropping. This may be due to plant debris left
in the field in which fungi survive and continuous availability of
host can lead to more spore production. Conner et al. (2019)
reported more disease incidence of bean anthracnose when
same crop was rotated compared to bean-fallow bean and
bean-wheat-bean cropping systems. Srivastava et al. (2005)
reported the A. alternata to survive in plant debris and its
viability was more at 5 cm deep soil.
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Alternaria develops disease at a temperature range of 25°Cto
35°C, with maximum infection at 28°C and relative humidity
ranging from 70% to 90% (Goswami and Mishra, 2022). Leaf
curl disease and fusarium wilt have been detected in the field,
with leaf curl being more prevalent and fusarium wilt showing
sparse infection. Aboomer et al. (2019) found that Alternaria
leaf spots on cabbage crop was favoured by moderate-low
temperature, high humidity, and prolonged wetness. These
factors contribute 99.99% of disease development during
growing season. During the survey, it has been observed that
leaf curl infection and traces of fusarium wilt incidence.

3.2. Principal component analysis

The data collected during survey was scored based on common
variables and characters. Further, Principal Component
Analysis was done using R software and the results are shown
in the Table 2.

Table 2: Principal component analysis of fruit rot population
of different survey variables

Components PC1 PC2 PC3 PC4 PC5
Eigenvalues 2.498 1.140 0.678 0.430 0.251
Proportion of 0.499 0.228 0.135 0.086 0.050
variance

Cumulative 0.499 0.728 0.863 0.949 1.000
proportion

According to the scree plot (Figure 3) first principal component
(PC1) shows most variance around 50% followed by PC2
showing 22.8% variance and other principal components i.e.,
PC3, PC 4 and PC5 shows comparatively less variance. The
elbow point in the scree plot is where the slope becomes
to flatten and determines the no. of principal component
to be taken. In this graph elbow seems to occur at PC1 and
PC2, suggesting that first two principal components exhibit
maximum variance in the data.

Scree plot
50%

50 -

Percentage of explained variances

Dimensions

Figure 3: Scree plot displaying survey data of major chilli
growing regions of Telangana state by Principal component
analysis
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A principal component is considered significant if its eigenvalue
is > 1and if <1 is deemed to be non-significant. Therefore,
PC1 and PC2, with eigenvalues greater than 1 showing more
variance (Table 2).

The PCA biplot (Figure 4) shows the relationship between the
variables (village, % disease incidence, irrigation, soil type and
variety) and the variation among the villages. As, the length
of the arrow(vector) increases it shows a strong influence
on principal components. Here, % disease incidence has a
longer vector, indicating a strong influence on PC1. Variables
in the same direction and close to each other have a positive
correlation. Therefore, variety and irrigation show positive
correlation.

The PCA- variables graph (Figure 5) shows contribution of each

PCA - Biplot

per cent disease incidence

Dim2 {22.8%)

.

8

; i
< 0
Dim1 (50%)

Figure 4: Two-dimensional graph showing relative positions of
19 villages and other variable based on PCA score

Variables - PCA

o IRRIGATION\

contrib
VARIETY, I =
20

- et 1

DIm2 (22.8%)

-05-

05

l
0.0
Dim1 (50%)

0.5

Figure 5: Two-dimensional graph showing contribution of
characters towards the divergence in 19 villages and other
variable based on PCA score
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variable towards diversity. It reveals that % disease incidence
shows highest contribution to variance followed by village, soil
type, variety and irrigation.

4. Conclusion

A preliminary survey was conducted on occurrence of
Alternaria fruit rot in major chilli growing districts of Telangana.
The maximum % disease (67.59) was recorded in Jagguthanda
and minimum (9.90) was recorded in Banjarathanda. Chilli
landraces (Chapata) showed 60.12% disease incidence, while
most of the hybrids had over 25%. The maximum disease
occurrence was seen in fields with red chalka soil and fields
using flood irrigation. Varied level of disease might be due to
variation in environmental factors.
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