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Studies on distribution profiling and infection indexing of seed-borne fungi of sorghum germplasm from seventeen
states of India revealed the presence of a total of 43 species belonging to 23 genera of fungi. Based on average
infection index, Fusarium verticillioides (26.27 £20.96), Alternaria alternata (19.30 £15.05), A. niger (14.40
+7.42), Fusarium semitectum (15.44 +10.72%), Aspergillus flavus (18.21 +10.25), Bipolaris sorghicola (16.68
+9.51), Curvularia lunata (11.51 £8.49), Colletotrichum sublineolum (15.81 £9.26) and Phoma sorghina (14.51
+12.99) were recorded as dominant species causing grain mold of sorghum in different agro-climatic zones of
India and also affecting seed germination significantly. Among dominant species, F. verticillioides, A. alternata
and Exserohilum rostratum were recorded with highest average infection index from Karnataka and Aspergillus
flavus from Telangana representing Southern Plateau & Hills zone. Whereas, 4 niger;, C. lunata F. semitectum, P.
sorghina and C. sublineolum were recorded with highest infection index from Maharashtra representing two agro-
climatic zones of the country i.e. Western Plateau & Hills and West-coast Plains & Ghats. Keeping in view the
importance of sorghum as a probable contingent crop under changing climate scenario, the present findings may
play a greater role in long-term conservation, exploration, evaluation and characterization of sorghum germplasm.
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Introduction

Sorghum, Sorghum bicolor (L.) Moench, an important
kharif as well as rabi millets popularly known as
‘Jowar’ in India. This is the 5™ most important
cereal crop after wheat, rice, maize and barley grown
throughout world and India ranks 3" in acreage and
production (FAO, 2018). India has been suggested as
its original home, others consider it, more likely, to
have originated in Central Africa and has spread from
there to Egypt and then eastwards to Arab, India and
China (Akhtar, 1998). Sorghum is a principal source of
energy, protein, vitamins and minerals to the poorest
people of the arid and semi-arid tropics of the world
including India and has both, antimicrobial as well
as anti-carcinogenic properties (Awika et al., 2009;
Devi et al., 2011; Das et al., 2020). Due to extremely
drought tolerant feature, sorghum could be a contingent
crop for climate resilient agriculture. But, globally,
grain mold is the most important fungal disease
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complex of sorghum and it impact both yield,
as well as seed quality and yield losses due to
grain mold on highly susceptible sorghum lines
can reach upto 100 percent (Hundekar et al.,
2016). Several reports have established that sorghum
seed is carrier of many destructive disease complex
such as anthracnose (Colletotrichum sublineolum),
seed/stalk rot (Fusarium verticillioides), target spot
(Bipolaris sorghicola), seedling blight/charcoal rot
(Macrophomina phaseolina), leaf spot and blight
(Phoma sorghina), downy mildew (Pernosclerospora
sorghi), ergot (Claviceps sorghi), loose smut
(Sphacelotheca cruenta), covered smut (S. sorghi),
head smut (S. reiliana), long smut (Tolyposporium
ehrenbergii) etc., which cause considerable yield
losses (Islam et al., 2009; Akhtar et al., 2006, 2012).
Richardson (1990) has also documented 44 species
belonging to 29 genera as seed-borne fungi in
sorghum, which are responsible for grain mold. The
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grain mold fungi cause deterioration in seed quality.
Considerable economic yield losses have also been
estimated to be US$ >130 million annually in Asia
and Africa (ICRISAT, 1992). In addition, the grain
mold fungi produce mycotoxins, which negatively
affect the food and forage crops grown across the
world. These mycotoxins contamination has a direct
impact on food safety and security; therefore, pose a
serious livestock and public health concern.

ICAR-NBPGR, New Delhi India has one of the
mandates for acquisition and management of PGR
for long-term conservation and their utilization
towards food security and sustainability. About 4.4
lakh germplasm accessions of various crops including
26171 accessions of sorghum (Sorghum bicolor L.)
are conserved in the Gene Bank, ICAR-NBPGR,
New Delhi. The seed-borne diseases have severe
implications for grain yield, seed production and
germplasm conservation. Presence of many pathogenic
fungi reported in/on sorghum seed realized the need
of profiling of infection index of seed-borne fungi of
sorghum germplasm for their long-term conservation
in the National Gene Bank, New Delhi, India through
seed health testing (SHT). Therefore, keeping in view
the importance of sorghum as a probable contingent
crop under climate changing scenario, the present study
was undertaken with the aim to generate information
on infection indexing and distribution profiling of
seed-borne fungi of sorghum in India which could play
greater role in long-term conservation, exploration,
evaluation and characterization of sorghum germplasm
as well as in devising resistance breeding strategies
to ensure greater protection from crop losses in field.

Materials and Methods

The experiment was conducted in the Division
of Plant Quarantine, [CAR-NBPGR during 2011
to 2018. A total of 1397 germplasm samples of
sorghum (indigenously multiplied or explored)
were received through Germplasm Conservation
Division, ICAR-NBPGR from seventeen states viz.,
Andhra Pradesh, Assam, Delhi, Gujarat, Haryana,
Himachal Pradesh, Jammu & Kashmir, Jharkhand,
Karnataka, Madhya Pradesh, Maharashtra, Punjab,
Rajasthan, Tamil Nadu, Telangana, Uttar Pradesh and
Uttarakhand representing various agro-climatic zones.
During seed health testing, all the seed samples were
initially examined visually and then under stereo-
binocular microscope for discoloration, deformation,

malformation and fungal growth and fructification
etc. Later, seeds were subjected to washing test for
detection of downy mildew oospores followed by
blotter test. For incubation, three layers of sterilized
blotter papers were soaked in sterilized distilled water
and then kept in sterilized Petri plates (plastic) having
diameter of 110 mm and labeled to maintain the
identity of individual samples with number and date
of observation. The seeds were surface sterilized by
immersing in sodium hypochloride (NaOCI) solution
(4%) for 30 seconds and subsequent rinsing thrice
in sterilized distilled water. Twenty-five seeds per
petriplate were placed on blotter papers in such
a manner that 1 seed in centre and 9 seeds in
the middle and 15 at periphery at equal distance.
Four plates of each accession were incubated at
2241°C under fluorescent light in alternating cycles
of 12 h light and darkness for 7 days and examined
on 8™ day under stereo-binocular microscope (Nikon
- SMZ 1500) at different levels of magnification i.e.
0.75x to 11.25x for presence of seed-borne fungi. The
associated fungi were identified on the basis of colony
characters, fruiting bodies and spores (Mathur and
Kongsdal, 2003) under stereozoom microscope and
slides using mounting media (lactophenol/ cotton blue)
were also prepared and examined under compound
microscope (Nikon - Eclipse 80i) and their frequency
of occurrence and effect on seed germination was
recorded. Whenever required, isolation of fungi
was also done using modified single spore isolation
techniques (Akhtar ef al., 2014) on PDA medium to
confirm their identity. The frequency of occurrence of
fungi was recorded to find out infection index using
following equation to further analyse statistically and
their impact on seed germination was also assessed
using correlation analysis..

Number of Infected SeedsX

Infection Index (%) = 100

Total plated seeds

Results

The problem under investigation, invariably referred
as grain mold, was precisely studied to record and
document the distribution profiling as well as infection
index of seed-borne fungi of sorghum as well as
their effect on seed germinability. The results of the
experiment conducted are described in details.

Visual examination resulted in detection of
Sphacelotheca sorghi in only four samples from
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Telangana and Uttarakhand. Whereas, incubation
test using blotter paper resulted in detection and
identification of a total of 43 species belonging to 23
genera of fungi (Table 1, Fig. 1) namely, Aspergillus
favus, A. niger, Alternaria alternata, A. padwickii,
A. tenuisimma, Bipolaris bicolor, B. cynodontis, B.
halodes, B. oryzae, B. setariae, B. sorghicola, B.
sorokiniana, B. tetramera, Cephalosporium maydis,
Chaetomium sp., Chaetophoma sp,, Cladosporium
sphaerospermum, Colletotrichum capsici, C.
sublineolum, Curvularia eragostidis, C. lunata, C.
pallescens, C. trifolii, C. tuberculata, Exserohilum
longirostratum, E. rostratum, Fusarium oxysporum,
F. poae, F. semitectum, F. solani, F. verticillioides,
Gloeocercospora sorghi, Macrophomina phaseolina,
Melanosopora zamie, Myrothecium verrucaria,
Nigrospora oryzae, Phoma sorghina, Phomopsis
sp., Rhizoctonia solani, Rhizopus sp., Sclerotinia
sclerotiorum and Trichothecium roseum as grain mold
fungi of sorghum with varying level of infection index
(Table 1) in different agro-climatic zones of India.
Based on average infection index, F. verticillioides,
E. rostratum, A. alternata, A. flavus, B. sorghicola,
A. niger, F. semitectum, C. lunata, C. capsica and P.
sorghina are dominant fungi among 43 fungal species
affecting seed germination significantly.

Overall infection index revealed that among seed-
borne fungi, the highest infection index was recorded
with F. verticillioides (26.27 £20.96) followed by E.
rostratum (21.25+17.86), A. alternata (19.30+15.05),
A. flavus (18.21 £10.25), B. sorghicola (16.68 £9.51),
F. semitectum (15.44 £10.72%), A. niger (14.40
+7.42), C. sublineolum (15.81 £9.26) and P. sorghina
(14.51 £12.99), C. lunata (11.51 £8.49). Apart from
dominant seed-borne fungi responsible primarily for
grain mold of sorghum, several other species were
also recorded from different regions occasionally,
which included B. setariae and B. halodes, F. poae,
M. verrucaria and Phomopsis sp. from Telangana;
C. capsici, C. eragostidis and E. longirostratum
from Maharashtra; Rhizoctonia solani from Gujarat;
Cephalosporium maydis from Uttarakhand; B. bicolor
and F. solani from Gujarat and Telangana; B. oryzae,
Chaetophoma sp., F. oxysporum and Melanospora
zamei from Maharashtra and Telangana; B. tetramera
from Jharkhand and Telangana; B. sorokiniana from
Gujarat, Maharashtra, Telangana and Uttarakhand;
Alternaria padwickii from Assam, Gujarat, Karnataka,

Mabharashtra and Telangana; Chaetomium sp. and C.
trifolii from Gujarat, Karnataka, Madhya Pradesh,
Maharashtra and Telangana. Among these fungi,
association of M. verrucaria and Phomopsis sp.
observed in sorghum seed from Telangana are new
reports from India, whereas, total failure of seed
germination of sorghum due to M. zamei is also a
new record.

Further, region wise analysis (Table 2) revealed
that among predominant fungi, F. verticllioides
was recorded with the highest infection index from
Gujarat (39.16%) followed by Karnataka (34.27%) and
Madhya Pradesh (31.43%). In case of E. rostratum,
the highest infection index was recorded in Delhi
(15.00%) followed by Telangana (14.30%). The
highest infection index of A. alternata was recorded
in Karnataka (24.00%) followed by Telangana
(23.88%) and Gujarat (14.25%). The occurrence of 4.
flavus was recorded with the highest infection index
in Telangana (21.38%) followed by Maharashtra
(20.00%). Whereas, infection index of 4. niger was
observed mostly from Maharashtra (26.70%) followed
by Delhi (16.50%). The highest infection index of
B. sorghicola was observed in Maharashtra (23.78%)
followed by Karnataka (18.75%) and Telangana
(15.71%). In case of F. semitectum, the highest
infection index was recorded in Maharashtra (20.00%)
followed by Karnataka and Madhya Pradesh (15.00%
each). In case of C. lunata, the highest infection index
was observed in Maharashtra (19.27%) followed
by Karnataka (11.11%) and Telangana (8.00%).
The highest infection index of C. sublineolum was
observed in Maharashtra (20.50%) followed by
Karnataka (12.70%) and Telangana (12.40%). The
highest infection index of P. sorghina was corded in
Maharashtra (18.30%) followed by Gujarat (13.50%)
and Madhya Pradesh (13.10%).

Discussion

The testing of 1397 germplasm accessions of sorghum
revealed that infection of some of the predominant
seed-borne fungi had impact on inhibiting seed
germination up to hundred percent. Further,
correlation analysis showed that amount of some
seed-borne fungi on sorghum seeds had a weak
correlation with germination, whereas, some had
negatively strong correlation. Correlation coefficient
(R2) between infection index and seed germination
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Melanospora zamie

Colletotrichum graminicola
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Fig. 1. Morphology of some seed-borne fungi detected on sorghum seed

revealed that infection of F. verticillioides had highest
impact on inhibiting seed germination with R? value
(-0.79) followed by E. rostratum (-0.52), P. sorghina
(-0.52), C. sublineolum (-0.42%) whereas, A. alternata,
A. flavus, A. niger, B. sorghicola, C. lunata, F.
semitectum, showed lesser impact on seed germination
(Fig. 2). In this study, F. verticillioides was found
most effective in reducing seed germination, which
supports the findings of earlier workers (Akhtar et
al., 2006; Ivic, 2014). This could be due to the seeds
were harvested from heavily infected crop because
of prevailing climatic conditions more favorable for
F. verticillioides.

Earlier workers have also reported up to
100.00% reduction in seed germination due to
C. lunata and F. verticillioides in sorghum (Tripathi,
1974; Williams and Rao, 1981; Tarekegn et al.,
2006). Most of these fungi have been reported as
being associated with sorghum in India (Akhtar,
1998, Akhtar, et al., 2012; Panchal and Dhale,
2011) and in other parts of the world (Islam et al.,
2009). Besides seed germination failure, seedling
mortality and destructive diseases in the field such
as seed/stalk rot caused by F. verticillioides, target

spot caused by B. sorghicola, anthracnose caused by
C. sublineolum, leaf spot and blight caused by
P. sorghina, charcoal rot caused by M. phaseolina,
some of the grain mold fungi, especially Fusarium
spp., Aspergillus flavus are also responsible for
mycotoxins production which have negative impact
on food and forage quality, safety and security.
Association of these fungi at higher infection level with
mycotoxins, aflatoxin (B1) produced by Aspergillus
flavus, T-2 toxin and moniliformin produced by F.
verticillioides, tenuazonic acid by P. sorgina and
A. alternata in sorghum seed (Chulze et al., 1995;
Bandyopadhyay and Chandrashekar, 2000) may
pose serious livestock and public health concern.
Alternaria tenuissima is a saprophytic fungus and an
opportunistic plant pathogen. This species produces
the allergen Alt a 1 (Saenz-de-Santamaria et al.,
2006), one of the most important outdoor seasonal
fungal allergens associated with allergy and asthma
provocation (Denning et al., 2014).

On the other hand, due to high mobility,
germplasm in the form of seeds may disseminate
associated seed-borne fungi. It is well known fact that
seeds are the most important source for cultivation
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Fig. 2. Correlation between infection index of predominant seed-borne fungi and seed germination of sorghum
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as well as for their use in crop breeding programmes
to evolve high yielding varieties. Germplasm is also
exchanged nationally/internationally in the form of
seed for diversifying agricultural crops as it provides a
wide genetic diversity available worldwide. Therefore,
our finding on infection indexing and distribution
profiling of seed-borne fungi provide avenues to
mitigate the issue of carcinogenic and other ill effects
of mycotoxins in sorghum. Further, there is a need
to assess the incidence and severity of grain mold
fungi complex on seed to determine the geographic
distribution and status of the disease across the
regions in order to prioritize research responsive
to the situation.

In conclusion, distribution profiling and infection
indexing of seed-borne fungi of sorghum germplasm
from 17 states of India revealed the presence of 43
fungal species belonging to 23 genera. Out of these,
F. verticillioides, E. rostratum, A. alternata and
A. flavus were recorded as dominant species with
highest infection index in sorghum germplasm from
Maharashtra representing two agro-climatic zones of
the country i.e. Western Plateau & Hills and West-
coast Plains & Ghat. The present findings are expected
to influence in long-term conservation, exploration,
evaluation and characterization of sorghum germplasm
and in devising resistance-breeding strategies of
sorghum moulds/ diseases through National Sorghum
Breeding Programme in the country at agro-climatic
zone level to mitigate grain mold problems.
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