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ABSTRACT: Jowar (Sorghum bicolor L.) plant belongs to family poaceae is cultivated in warm climates worldwide
and it is inhabitant to the tropics and subtropics region. The present investigation was studied physicochemical
characterization and rhizosphere soil mycoflora in the field of jowar charcoal rot caused by Macrophomina
phaseolina. Mycoflora of infected field of jowar, need to improve the knowledge of diversity of fungi associated with
infected rhizosphere soil. Physico-chemical analyses of infected rhizosphere soil were studied by standard soil testing
methods and fungal population dynamics by using soil dilution technique. Sixteen physicochemical parameters were
analyzed. It was found that, soil has alkaline pH but EC, Ca, Na, S and Mo contents were found least, whereas OC,
P and K were high in infected soil as compared to standard range. Due to rots infection, chemical contents of soil
also changed. Eleven samples of soil were analyzed during January-March, 2015 and 2016. In all tested soil samples,
13 genera and 20 species of fungi were detected. Aspergillus, Mucor, Rhizopus, Penicillium, Fusarium species were
found dominant in all tested study sites followed by Trichoderma, Monilia, Pythium, Phytophthora, Humicola etc.
Total number of fungal species colony was found dominant in Sangola (S) and Mohal (Moh) sites. Percentage of
frequency and % of contribution was found more in Aspergillus niger and Fusarium oxysporum.
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INTRODUCTION: Jowar (Sorghum bicolor L.) physicochemical parameters and distribution of

plant belongs to family poaceae is cultivated in Rabi
and Kharif warm climates worldwide. Sorghum is a
type of grass which is rich in antioxidants and high in
fat and B vitamins. Most of the varieties are drought
and heat tolerant and are especially important in arid
regions, where the grain is one of the staple foods for
poor and rural people. It is an important food crop in
Africa, Central America, and South Asia, and is the
fifth-most important cereal crop grown in the world.
Fungal diseases are widely prevalent throughout the
Jowar producing countries including India. As per the
survey of literature revealed that, the charcoal rot
caused by Macrophomina phaseolina causes huge
losses in grain yield of sorghum." 2% This can be a
major disease in the drier regions of the world during
late season as maturity of plants. It appears destructive
on high yielding cultivars. Fungi play a vital role in
nutrient cycling by regulating soil biological activity*
and the rate organic matter is decomposed by the mi-
crobes is consistent to the chemical composition of the
substrate and climatic conditions. Therefore the pre-
sent investigation was made to studies on variations in
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mycoflora in rhizospheric soil due to charcoal rot of
jowar (Sorghum bicolor L.).

MATERIAL AND METHODS:

Physicochemical Analyses: Physicochemical analy-
sis of infected rhizosphere soil were collected from
study area and used for physicochemical characteriza-
tion. Soil were spread out on a tray for air drying and
sieved over a 150 mm and used for characterization.
Each sample is weighed using digital balance. The
samples were then oven-dried at a temperature of
110°C for 24 hours and reweighed. Electrical conduc-
tivity and pH of compost were measured.”> Nitrogen
content was determined by the Kjeldahl method.®
Organic Carbon was evaluated’ method by oxidizing
organic carbon with potassium dichromate and sul-
phuric acid. Phosphorus in soil was determined by
Olsens method by using spectrophotometer.® & ° Water
soluble and exchangeable Potassium was calculated
by Ammonium acetate method™ using Flame photom-
eter. Sodium, Calcium and Magnesium cations were
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estimated by EDTA titration."* Analysis of Ferrous,
Mangenese, Copper, Boron, Sulphur, Zinc and Mo-
lybdenum were done by acid digestion of soil.*?

Isolation, ldentification and quantification of Soil
Mycoflora:

Collection of soil samples: The infected rhizospheric
soil of charcoal rots of jowar incited by Marophomina
phaseolina were collected during January-March,
2015 and 2016. The soil samples were collected from
eleven different locations of Solapur districts viz,
Mangalwedha, Mohol, North Solapur, Akkalkot,
South Solapur, Barshi, Madha, Karmala, Pandharpur
and Sangola. Three different replications of
rhizospheric soil mycoflora were collected were de-
termined from each site.

Dilution Plating Method: For the isolation of
mycoflora, dilution plate method was employed.™ Ten
grams of sample were transferred to a flask containing
100 ml sterile water. The contents were crushed and
shaken on a mechanical centrifuge for 15 min and
then serially diluted to obtain 10 and of 0.5 ml of
each was transferred to sterile petri plates containing
potato dextrose agar (PDA) medium. The pH of medi-
um was adjusted by adding 0.1N HCI or 0.1N NaOH.
Then it was supplemented withl% streptomycin to
prevent bacterial growth. The inoculated plates were
incubated in an inverted in BOD incubator at 27+2°C
for 7 days.

Observation and ldentification of fungi: The colo-
nies growing on PDA plates wide edge of the colony
was picked up with the help of a paw of needles and
cotton blue stain. The slide was gently heated and if
any, the excess stain was removed with the help of
tissue paper and then the cover slip was sealed with
transparent nail polish. The slide was observed under
a compound microscope. Colony color and morpholo-
gy was noted besides hyphal structure, spore size,
shapes and spores bearing structures.* They were
compared with the standard manual.™> ** %" The per-
centage of frequency and contribution were calculated
by employing the following formulae:

% Frequency =

No of observations in which species appeared 9

Statistical Analysis: The number of colonies per
plate in 1 g of soil was calculated and the percent
frequency and contribution of each isolated fungi
were determined.'® Physicochemical data were statis-
tically analyzed and the significance of differences
was determined by using book."

RESULTS AND DISCUSSION:

Physico-chemical analyses: Infected rhizosphere soil
was collected from charcoal rot of jowar and sixteen
physicochemical parameters were analyzed. Sixteen
physicochemical parameters were analyzed. It founds
alkaline pH but EC, Ca, Na, S and Mo contents were
found least whereas OC, P and K, high in infected soil
as compared to standard range. Due to rots infection
chemical contents of soil is also changed. Among 16
characterization, Organic Carbon (3.12£1.13%),
Phosphorus  (149+11.27kg/ha) and  Potassium
(1008+14.11kg/ha) contents were found very high as
compared to standards. In case of Nitrogen, Magnesi-
um, Zinc, Ferrous, Copper and Boron were found
balanced in infected soil (Table 1).

Isolation, ldentification and quantification of in-
fected Soil Mycoflora: Total eleven samples of in-
fected rhizosphere soil (surface of 0-5cm deep) from
different localities were collected during charcoal rot
infection of jowar and carried out for isolation, quanti-
fication and identification of microflora by dilution
plate technique and data were analyzed (Table 2; fig 1
& 2). Overall 13 genera and 20 species viz.
Aspergillus niger, Aspergillus flavus, Aspergillus
repens, Aspergillus terrus, Rhizopus microspores,
Rhizophus nigricans, Mucor racemosus, Penicillium

sp. Pennicillim sp. (unidentified), Penicillium
brefelldianum, Penicillium claviformae, Fusarium
oxysporum,  Trichoderma  harzianum, Monilia

sitophila, Pythium aphanidermatum. Phytophthora
infestans, Humicola insolens,Curvularia spicifera,
Gleiocladium virens and Rhizoctonia solani.
Aspergillus, Mucor, Rhizopus, Penicillium, Fusarium
species were found dominant in all tested study sites
followed by Trichoderma, Monilia, Pythium, Phy-
tophthora, Humicola etc.

Total Fungal colony was found dominant in the sites
of Mohol i.e. (09) and Sangola i.e. (09), which was

Totalno of observations 100 followed by Madha i.e. (08) and Malshirus i.e. (08)
while least in Karmala i.e. (04). The percentage (%) of
% Contribution = fungal frequency and contribution was found domi-
Total no of CFU = of an individual species nant _in a_lll study sites. Ma>_<imum % frequency and
: x 100 contribution was found in Fusarium oxysporum
Totalno of CFU of all species (100%;15.50%) and Aspergillus niger (100%;15.50%)
*CFU- Colony Forming Unit which was followed by Rhizopus microspores
—
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(90.90%;14.9%) and Mucor racemosus
(63.63;09.09%) respectively while minimum in
Trichoderma harzianum, Pythium aphanidermatum.
Phytophthora infestans and Curvularia spicifera.

Charcoal rot disease of sorghum has managed a criti-
cal position while the previous literature contains the
reports. It was reported that the Macrophophomina
phasolina grew and produce abundant Sclerotia at
pH7 (neutral) and 30°C temperature.”® The pH of soil
is equally important for charcoal rot. The results of
our e experiment have clearly established that always
a neutral pH (7.5) is more favorable for disease devel-
opment.?! It was reported fungi particularly Fusarium
moniliforme and Aspergillus niger species were more
prevalent in the sampled area.? It was reported the
Soil pH, organic content and water are the important
features affecting the fungal population and diversi-
ty.”® The organic carbon, nitrogen, phosphorus, potas-
sium are important for fungi, if absence of these the
growth and sporulation of moulds fungi and other
microorganisms are susceptible more.?* It was ob-
served the most predominant reported fungi infecting
seed germplasm were Aspergillus and Fusarium spe-
cies of maize kernels.” It was reported the most
common fungi viz; Aspergillus flavus, Aspergillus

fumigatus, Aspergillus niger, Aspergillus nidulans,
Aspergillus  terreus,  Penicillium  chrysogenum,
Penicillium frequentans, Penicillium funiculosum,
Trichoderma  viride, Trichoderma  harzianum,
Fusarium oxysporum, Fusarium solani, Curvularia
clavata, Curvularia lunata and Rhizopus stolanifer
were isolated and characterized on crop of Paddy,
Corn, Ragi, Red gram, Cotton and Sugarcane.? It was
reported the occurrence of mold fungi at different
grain development stages in sorghum.”’

Recently, it was reported a total of 10 fungal species
were identified from the genera Aspergillus,
Fusarium, Trichoderma, Mucor, Penicillium and
Verticillum. Trichoderma was the most frequent genus
among the fungi species identified from water hya-
cinth (Eichhornia crassipes) compost.”® It was report-
ed that A total 37 species of fungi were isolated and
the number of fungi was found to be maximum in
rhizosphere region than the non-rhizosphere region,
maximum number of fungal species were found in
Abutilon indicum (11) followed by Aloe vera (9),
Achyranthus aspera (9),Amaranthus polygamus (8)
and Argemone maxicana (7) from rhizosphere and
rhizoplane of some Indian herbs.?

Tablel: Physico-chemical characters of infected soil of charcoal rot of jowar caused by Marophomina

phaseolina.
Sr. No. Parameters Standard Range Infected soil (xSE)
1 pH 6.5t07.5 7.56+0.12
2 Ele. Conductivity? mS ~ <1.0 0.52+0.11
3 Organic carbon % 0.41-0.60 3.12+1.13
4 Nitrogen 3kg/ ha” 161-320 156.8+12.33
5 Phosphorus 3 kg/ha” 31to 50 149+11.27
6 Potassium 3 kg/ha” 181- 240 1008+14.11
7 Calcium ( mg/kg) 65-80 4.19+1.01
8 Magnesium (mg/kg.) 10-15 11+2.33
9 Sodium ( mg/kg) 5-15 0.87+0.03
10 Zinc (ppm) 1.0-5.0 4.47+1.11
11 Ferrous (ppm) 25-5.0 4.79+1.04
12 Manganese (ppm ) 20-5.0 3.71+1.32
13 Copper (ppm) 0.2-0.5 0.5+0.04
14 Boron ( mg/gm) 30 -100 87+5.12
15 Sulphur (mg/kg) 10 - 20 7.56+2.33
16 Molybdenum(mg/kg) 0.8-3.3 0.52+0.14
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Table 2: Mycoflora of infected rhizosphere soil of charcoal rot of jowar caused by Marophomina

phaseolina.
T | %F | %C
Sr.
No Name of fungus
Man|Moh| Ns | A| Ss |B|Mad| K| P |Mal| S
1 Aspergillus niger + + + |+ + |+ + + |+ | + + | 11 | 100 | 15.50
2 Aspergillus flavus - + - + ]+ |+ - - - - - 04 | 36.36 | 5.64
3 Aspergillus repens - - - - - - - - - - + | 01 | 09.09 | 1.40
4 Aspergillus terrus - - - - - - + - - - - 01 | 09.09 | 1.40
Rhizopus
5 - + + + |+ + |+ - + |+ | + + | 10 | 90.90 | 14.9
microsporus
6 Rhizophus nigricans | - - - - - - - -+ ] - - 01 | 09.09 | 1.40
7 Mucor racemosus + - + - + |+ - -+t + | 07 | 63.63 | 9.85
8 Penicillium sp. - + + |+ + |+ + - - - - 06 | 54.54 | 8.45
9 Pennicillimsp. (Yel- | i i i i i + + ] i i 02 | 1818 | 2.82
low)
10 Penicillium ool e s - - -+ ] - o1 09.09] 1.40
brefelldianum
1 Penicillium o e e o+ - | ot | 0909 140
claviformae
12 Fusarium + + + |+ + |+ + + |+ | + + 11 100 | 15.50
oxysporum
13 Trichoderma - s+ - -] -] - o1 09.09] 1.40
harzianum
14 Monilia sitophila + + - + | - - - -+ |+ + | 06 | 54.54 | 8.45
15 Pythium e o e e e o - - | o1 ] 0909 1.40
aphanidermatum.
16 | Phytophthora - b Lo o o] - | o1 | 09.09 | 1.40
infestans
17 Humicola insolens - - - - + | - + - |+ - - 03 | 27.27 | 4.23
18 | Curvularia spicifera | - - - - - - - - - - + | 01 | 09.09 | 1.40
19 | Gleiocladiumvirens | - + - - - - - - - - - 01 | 09.09 | 1.40
20 Rhizoctonia solani - - - - - - + - - - - 01 | 09.09 | 1.40
Total Fungal colony 06 | 09 | O7 |O7| O7 (06| 08 |04 07|08 | 09 | 71

Legands: Man-Mangalwedha, MOH-Mohol, NS-North Solapur, A-Akkalkot, SS-South Solapur, B-Barshi,Mad-Madha,K-
Karmala, P-Pandharpur, MAL-Malshirus, S-Sangola, T- Total, %F-Percent Frequency, %C-Percent Contribution.
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Figure 1: Charcoal rots of Jowar caused by Macrophomina phaseolina, A-Infected root and stem, B-
Culture colony, C-Sclerotial morphology.

Figure 2: Fungal colonies on different charcoal rot infected rhizosphere soil of jowar (1-Pandharpur, 2-
Mohol, 3-North Solapur, 4-Mangalwedha, 5-Akkalkot, 6-South Solapur, 7-Barshi, 8-Sangola, 9-Karmala,
10-Madha and 11-Malshirus).

CONCLUSION: These studies concluded that, se-
lection hybrid, planting date and environmental condi-
tions that favor disease development and dissemina-
tion at crop maturity appear to influence disease se-
verity. Study showed a positive correlation between

disease rating and percentage loss in the grain yield
due to fungal population in infected jowar. Fungi
secrets different kinds of toxins enzymes and it may
prevent the growth of other fungal species. The fre-
quency of mycoflora in jowar fields were found to be

—
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regulated by many factors like temperature, pH, or-
ganic and inorganic elements, soil type and texture
etc. Aspergillus, Mucor, Rhizopus, Penicillium,
Fusarium species were found dominant. It was ob-
served from finding that when more population of
fungi shows less infection by Marophomina
phaseolina. Our finding determines the differences in
fungal species composition of jowar infected soils and
management practices have greater prospective to
influence the soil fungal community correlation.
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