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ABSTRACT

Aloe vera (Aloe barbadensis Miller) is a marvelous medicinal plant well known for its excellent medicinal
properties. Leaf spot and root rot diseases were found on Aloe vera in various areas of Gwalior, Madhya
Pradesh, India, in winters of 2011-2012. The typical disease symptoms were observed on both abaxial and
adaxial surface of leaves as well as on root. Leaf spot, necrosis, root rot, yellowing of plants and even death was
recorded as diseases symptoms. On the basis of morphological and microscopic characteristics of the fungus,
three species of Fusarium i.e. F. fusaroides, F. moniliforme and F. solani, were found to be associated with the
leaf spot and root rot diseases. Koch’s postulate was applied to confirm the causal organisms of the diseases. As
per literature till date, this seems to be the first report of leaf spot disease on A. vera caused by F.

fusaroides and F. moniliforme while second report of root rot by F. solani from India.
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INTRODUCTION

Aloe vera (Aloe barbadensis Miller) is an important
medicinal plant cultivated commercially throughout
the world due to its distinctive importance in
medicinal and cosmetic industry. Being biological
in nature, A. vera is attacked by a number of fungal
and bacterial pathogens which causes numerous
diseases. Besides bacteria, fungal pathogens are
more likely to be associated with A. vera both in
natural and artificial conditions and causes diseases
like leaf spot, collar and root rot which affects the
plant growth, development and therapeutic
potential (Lecomteac et al. 2016). The Aloe vera

plant is prone to these diseases due to lack of
scientific farming technology and favorable abiotic
conditions, which favours the growth of pathogens.
Till date there are number of reports where A. vera
plantation has been reported to suffer with several
fungal diseases (Roy & Bilgrami 1975; Roy 1976;
Gupta et al. 1984; Harsh et al. 1990; Dubey &
Pandey 2007; Majumdar et al. 2007). Due to
pathogenic infection, the photosynthetic process get
disturbed, which affects the plant physiology and
influences the survival rate of the plant (Mandal et
al. 2009; Lobato et al. 2009; Zhao et al. 2013).
These abnormalities may result in increased
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susceptibility to opportunistic pests and pathogens.
Therefore, not only cultivation, but these diseases
also reduce the quality and yield of leaves which
are of commercial importance.

Aloe vera (L.) Burm. f. (Aloeaceae) is a
unique medicinal plant of dry climates distributed
in Asia, Africa and other warm regions of the
world. Medicinally, it is very effective in burns,
eczema, herpes lesions, rashes, insect bites,
stings, psoriasis, sunburn and wound healing
(Rajeswari et al. 2012). It improves immunity
and is widely used as a major ingredient of
various beauty products (Sharma et al. 2013).
Keeping in view the importance of plants in
medicinal and cosmetic industry, a survey was
conducted during the winters of 2011 and 2012 in
various areas of Gwalior, Madhya Pradesh. Severe
spotting on leaves and drying of A. vera plants was
noticed in various nurseries and botanical gardens
located areas in Gwalior. Further investigations of
disease symptoms revealed leaf spot and root rot
diseases associated with the plants. This study was
done with the objectives to identify the causal agent
of leaf spot and root rot symptoms associated with
A. vera.

MATERIALS AND METHODS

Sample collection and study of symptoms
Diseased samples of Aloe vera leaves and roots
were collected randomly from each nursery during
the survey of various nurseries in Gwalior, placed
into labelled zip lock bags and brought into the
laboratory. Each diseased sample was studied
firstly with hand lens and then with dissecting
microscope to  assess the  morphological
characteristics of the disease.

Isolation and purification of pathogen from
diseased leaves

Diseased samples were washed thoroughly with
running tap water to remove the surface
contaminants and cut into small pieces using sterile
scalpel blades. These small pieces were then
surface sterilized with 2% sodium hypochlorite
solution (NaOCI) for 2 mins and then washed
three-four times in sterile distilled water. These
surface sterilized pieces were then placed between
blotting papers and aseptically inoculated onto
petridishes containing Potato Dextrose Agar (PDA)
media. The plates were incubated at 25+2 °C for 5
to 6 days. The growth of fungal colonies was
recorded regularly every day.

Characterization and identification of the
pathogens

The isolated fungal species were identified on the
basis of morphological and cultural characteristics
(shape, size colour and texture of colony) as well as

microscopic features (characteristic of mycelium,
shape, size and colour of conidia, etc.) as described
by Ellis (1971); Nelson et al. (1983, 1994); Leslie
& Summerell (2006); Gilman & Joseph (2008);
Moretti (2009). Identification of pathogens was
further confirmed at the Indian Type Culture
Collection (ITCC), IARI, New Delhi and the
National Fungal Culture Collection of India
(NFCCI), Agharkar Research Institute, Pune,
Maharashtra, India.

Pathogenicity test of the pathogens

The isolated fungi were evaluated for their
pathogenicity against A. vera. The isolated fungal
species were cultured on Potato Dextrose Agar
(PDA) medium at 25+2°C for 8-10 days in an
incubator. For leaf spot pathogens conidial
concentration was subsequently adjusted to 1x10°
per ml by using hemocytometer to make a spore
suspension. Healthy leaves were surface sterilized
for 1 min with 2% sodium hypochlorite solution
(NaOClI). Artificial pricks approximately 2 mm
deep on the abaxial surface of leaves were made by
sterilized needle. Spore suspension of the test
organisms was delivered through a sprayer and
lined with moist blotting paper. Leaves sprayed
with sterile distilled water served as control. Leaves
were incubated at 252 °C for 8-10 days. In case of
root rot disease about four month old plants were
grown in 25 cm diameter plastic pots containing
autoclaved sandy loam soil artificially infested
with the test fungal isolate. Soil was infested by
adding 200 ml of hyphal or spore suspension
(4x10" ml) of the fungal culture and then filled in
plastic pots. A set of pots without fungal inoculum
served as control. Soil was irrigated every 3—4 days
to ensure equal distribution of fungal inoculum.
The experiment was performed in triplicates and
pathogenicity was evaluated at 25, 35, 45 and 60
days after inoculation

RESULTS

During the survey, it was found that all the
nurseries in Gwalior planted with Aloe vera were
showing symptoms of leaf spot and root rot. It was
observed that leaf spot infection was found
frequently while drying of plant due to root rot was
also  observed significantly. The cultural
characteristics of the isolated fungi along with
microscopic analysis indicate the association of
three  Fusarium species, Fusarium fusaroides,
Fusarium moniliforme and Fusarium solani.
Further investigations revealed association of
Fusarium species with A. vera as; F. fusaroidesi
and F. moniliforme with leaf spot and F. solani
with root rot. The disease symptoms and
microscopic characteristics of the pathogens are
described as follows.
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Symptoms of leaf spot and root rot diseases
Symptoms of leaf spot disease caused by F.
fusaroides began in the form of circular to oval
water soaked maroon spots. Gradually spots
became embedded, enlarged and reddish brown in
colour. At maturity, diseased tissues become
necrotic, spots turned into black in colour and 0.5-
1.2x0.4-0.8 cm in diameter. Interestingly, disease
was noticed in winter season during survey
(January to February).

Leaf spot disease caused by F. moniliforme
appeared as irregular to sometimes circular lesion
on the abaxial or adaxial surface of leaf during
winter season. In earlier stage of infection, lesions
were sunken and light cream in colour.
Progressively, these lesions became enlarged,
embedded, creamish brown in colour and had
reddish brown margin, varying in size from 1.1-
4.0x0.8-3.6 cm in diameter. Ultimately, dark brown
sporulation observed on the centre of the spots, two
or more lesion coalesces to form a large lesion. Gel
of the leaf was mushy and in severe condition
diseased portion was broken down. It was recorded
in field experiments as well as in survey during
December to February.

Symptoms of root rot disease of A. vera
caused by F. solani was interestingly appeared in
the rainy season in the form of browning and
decaying of root tips. After decaying, symptoms
spread towards the distal portion of root resulted in
total rotting of the root system and get collapsed.
The leaves showed decline and yellowing
colouration and later the margin of leaf turned
inside due to the dryness of mucilaginous gel. It
was recorded only in survey during July to August.

Identification of fungal pathogens

Mycelium on PDA of the first fungus first appears
white then soon became pinkish peach in colour.
Microconidia were fusiform to clavate with
rounded apex and pointed base usually one septate
measure 13-15%2-3 pum. Microconidia were curved,
fusoid with a narrow round to pointed apex, 4-6
septate measured 40-55x2.5-3.5 pm.
Chlamydospores develop usually later and terminal
in position (Fig. 1). Based on morphological and
cultural characteristics the fungus was identified as
Fusarium fusaroides (Frag. & Cif.) Booth (#
NFCCI-3056).

The second fungus on PDA includes the
characteristic feature, reddish-purple pigmentation
in culture. Mycelium was hyaline. Conidiophores
were medium in size. An abundance of oval
microconidia borne in chains, measure 7-10x2.5-
3.2 um. Macroconidia were few, very slightly
sickle shaped to nearly straight, 3-7 septate,
measuring 31-58x2.7-3um. Sporodochia bright in
mass, chlamydospores were not seen (Fig. 2).
Based on morphological and cultural characteristics

the fungus was identified as Fusarium moniliforme
Sheldon (# ITCC-8187.11).

Colonies of third fungus on PDA showed
brownish white to loam yellow, creamish-white
mycelium. Macroconidia have three to five septa,
twisted spindle form, slightly curved and have a
slightly blunted apical end measuring 19-50x2.5-
3.0 um. Microconidia were abundant, oval shaped,
and formed in false heads on very long
monophialides. Chlamydospores were terminal and
intercalary, globose to pear shaped (Fig. 3). Based
on morphological and cultural characteristics the
fungus was identified as Fusarium solani (Mart.)
Sacc. (# NFCCI-3052).

Pathogenicity Test

Under in-vitro conditions Fusarium fusaroides and
F. moniliforme were pathogenic. The symptoms of
leaf spot diseases recorded during the pathogenicity
test were almost similar to the natural symptoms.
Symptoms of leaf spot infection appeared on fourth
day of infestation. Initially, small circular to
irregular, water soaked spots were appeared on the
leaf surface. As the infection progressed, spots
became enlarged, sunken, raddish brown to black
in colour. On the thirteenth day, the lesions become
necrotic and turned into dark brown in colour. The
fungi were re-isolated from the infected leaves and
were compared with the original culture of F.
fusaroides and F. moniliforme.

Fusarium solani was pathogenic in glass
house conditions and the symptoms of root rot
infection recorded during the pathogenicity test
were similar to the natural symptoms.

The rotting initially started at the root tip
region and proceeded towards its distal portion.
Gradually the root tissue became soft resulted in
initiation of rotting of the root system. After 50
days symptoms spread towards the distil portion of
roots, which resulted in total rotting of the root
system.

DISCUSSION

The genus Fusarium is one of the largest fungal
groups known to cause number of diseases on an
extraordinary range of host plants. There are 1496
records of Fusarium found as both saprophytic as
well as parasitic on host plants across the globe
(Index Fungorum 2017). These fungi causes great
economic loss across the globe, due to infecting the
various medicinal and horticultural  crops
(Lecomteac et al. 2016). This genus is known to
produce mycotoxins like
fumonisins and trichothecenes in their infected
hosts and substrates on which they grow and cause
toxic effects for consumers.

The infection of Fusarium on A. vera plants
is of great concern as the plants are used in number
of medicines and cosmetics.
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Fig. 1. Symptoms of leaf spots on Aloe vera caused by Fusarium fusaroides: a & b) Disease spot on leaves, ¢)

culture on PDA, d) Macroconida, e) chlamydospores.

Three species of Fusarium i.e. Fusarium fusaroides
F. moniliforme and F. solani were isolated from A.
vera causing leaf spot and root rot diseases in plant.
Previously, F. fusaroides was reported to cause pod
rot in Groundnut (Subrahmanyam et al, 1980), leaf
spot disease in pomegranate (Sherkar & Utikar
1982), leaf spot disease in maize (Bai et al. 1988)

and Pokkah boeng disease in sugarcane
(Vishwakarma et al. 2016). Similarly, F.
moniliforme has been previously reported as
pathogen from various plant hosts including:
malformation in mango (Summanwar et al. 1966),
banana fruit rot (Khanna & Chandra 1976), Wilt of
sunflower (Bhargava et al. 1978), sorghum (Raju et
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al. 1999), stalk rot of maize (Bohra et al. 2001), rots of maize (Kaur & Mohan 2012; Musmade et

foliage infection of Dieffenbachia picta (Palmucci al. 2013; Ramesha & Krishna Naik 2017), foot rot
& Barreto 2007), fruit rot of Praecitrullus disease on fenugreek (Singh et al. 2014) and
fistulosus (Sankar et al. 2011), post flowering stalk Sugarcane leaf binding disease (Tiwari et al. 2016).

Fig. 2. Symptoms of leaf spots on Aloe vera caused by Fusarium moniliforme: a & c) Disease spots on leaves,
c) culture on PDA (Adaxial and abaxial side), d) Macroconida.
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Fig. 3. Disease symptoms on Aloe vera leaves and roots caused by Fusarium solani: a & b) root rot, c) culture

on PDA, d) Macroconida, e) chlamydospores.

Root rot disease of A. vera caused by F. solani has
been reported from Rajasthan (Sharma & Samota
2007; Jat & Ahir 2014), Madhya Pradesh (Bairwa
2008; Lal et al. 2016) India and China (Ji et al.
2007). Other diseases reported to cause by F. solani
in India are: root rot of pea (Sen et al. 1970), rot of
tomato (Pradeep & Gupta 1979), root rot of fennel

(Gupta & Strivastava 1976), root rot of guar
(Satyaprasad & Ramarao 1981), root rot of Salvia
officinalis (Mallesh & Narendrappa 2009), Hedera
canariensis wilt (Mehraj et al. 2009), basal plate
rot of onion (Bayraktar 2010), leaf spot of Withania
somnifera (Chavan & Korekar 2011), root rot of
Zantedeschia ellitiona (Shanmugam et al. 2015),
seedling blight of cucumber (Shanmugam et al.
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2016) and necrosis, drying, black spots of cashew
nut flowers (Wonni et al. 2017).

Some pathogenic fungi have been found to
infect aloe plant such as Fusarium phyllophilum
(Kishi et al. 1999), Colletotrichum gloeosporioides
(Avasthi et al. 2011), Fusarium oxysporum
(Chavan & Korekar 2011; Kawuri et al. 2012;
llondu 2013), Nigrospora oyrzae (Zhai et al. 2013),
Phoma betae (Avasthi et al. 2013), Alternaria
alternata (Gupta & Masood 2003; Kamalakannan
et al. 2008; Abkhoo & Sabbagh 2014), Sphaeropsis
sapinea (Kamil et al. 2014), Curvularia lunata and
C. ovoidea (Avasthi et al. 2015), Alternaria
tenuissima  (Vakalounakis et al.  2015)
Cladosporium sphaerospermum (Avasthi et al.
2016a), Phomopsis sp. (Avasthi et al. 2016b),
Polyrostrata indica (Avasthi et al. 2017a) and
Phoma eupyrena (Avasthi et al. 2017b). Although,
F. solani has already been reported on A. vera as
root rot pathogen from Jaipur (Rajasthan), and as
leaf spot pathogen from Jabalpur (Madhya
Pradesh), India. However, there are no reports
available for F. moniliforme and Fusarium
fusaroides. This seems to be the first report of
leaf spot disease on A. vera caused by F.
fusaroides and F. moniliforme while second report
of root rot by F. solani from India.

ACKNOWLEDGEMENTS

Authors express their sincere thanks to Head,
School of Studies in Botany, Jiwaji University
Gwalior, Madhya Pradesh, India for providing
essential laboratory facilities and support to
conduct this research work successfully.

REFERENCES

Abkhoo J, Sabbagh SK. 2014. Evidence
of Alternaria alternata causing leaf spot
of Aloe verain lIran. J Phytopathol 162:
516-518.

Avasthi S, Gautam AK, Bhadauria R. 2011. First
report of anthracnose disease of Aloe vera
caused by Colletotrichum gloeosporioides. J
Res Biol 6: 408-410.

Avasthi S, Gautam AK, Bhadauria R. 2016a. First
report of Cladosporium sphaerospermum
causing leaf spot disease of Aloe vera in
India. J Crop Prot 5: 649 — 654.

Avasthi S, Gautam AK, Bhadauria R. 2016b. First
report of Phomopsis sp. on Aloe vera in
India. PI Pathol Quarantine 6(2): 176-179.

Avasthi S, Gautam AK, Bhadauria R. 2017a First
report of leaf spot disease caused by
Polyrostrata indica on Aloe vera from
Madhya Pradesh, India. Suan Sunandha Sc
Tech J 4(1):14-18.

Avasthi S, Gautam AK, Bhadauria R. 2017b. First
report of leaf spot disease caused by Phoma
eupyrena Sacc. on Aloe vera from Madhya

Pradesh, India. Arch Phytopathol Pl Prot
50: 62 — 69

Avasthi S, Gautam AK, Bhadauria R. 2013. First
report of Phoma betae on Aloe vera in India.
Arch Phytopathol Pl Prot 46: 1508 —1511.

Avasthi S, Gautam AK, Bhadauria R. 2015.
Occurrence of leaf spot diseases on Aloe
vera (L.) Burm.f. caused by Curvularia
species from Madhya Pradesh, India.
Biodiversitas 16: 79 — 83.

Bai JK, Yin Z, Hu JC. 1988. A study on the
pathogen of maize stalk rot in Northern
China. Acta Phytophylactica-Sinica. 15(2):
93-98.

Bairwa GL. 2008. Studies on leaf spot of Aloe
(Aloe vera) caused by Fusarium solani
(Mart) Sacc. Department of plant pathology,
Jawaharlal Nehru Krishi Vishwa Vidyalaya,
Jabalpur College of Agriculture Jabalpur
(M.P.) (M.Sc. Thesis)

Bayraktar H. 2010. Genetic diversity and
population structure of Fusarium oxysporum
f. sp. cepae, the causal agent of Fusarium
basal plate rot on onion, using RAPD
markers. J Agricul Sc 16: 139.

Bhargava SN, Shukla DN, Singh N. 1978. Wilt of
sunflower caused by Fusarium moniliforme.
Indian Phytopathol 31: 382.

Bohra B, Rathore RS, Jain ML. 2001. Management
of stalk rot of maize caused by Fusarium
moniliforme Sheldon. J Mycol PI Pathol
31(2): 245 -247.

Chavan SP, Korekar SL. 2011. A survey of some
medicinal plants for fungal diseases from
osmanabad district of Maharashtra state.
Recent Res Sc Tech 3(5): 15-16.

Dubey R, Pandey AK. 2007. Ravenelia aloii sp.
nov - A new rust pathogen of Aloe vera in
plains of India. J Mycol PI Pathol 37(3):
495-498.

Ellis MB. 1971. Dematiaceous Hyphomycetes.
ISt Ed. Kew, Commonwealth Mycological
Institute, Kew, Surrey, United Kingdom.

Gilman JC, Joseph C. 2008. A Manual of Soil
Fungi. Biotech Books Delhi, India.

Gupta D, Padhi B, Chowdhry PN. 1984. New hosts
records of Cercospora. Ind Phytopathol
38(4): 787.

Gupta JH, Srivastava VP. 1976. A new root rot of
fennel caused by Fusarium solani. J Mycol
PI Pathol 8:206.

Gupta S, Masood A. 2003. Leaf spot of Indian Aloe
(Aloe vera) linn.syn. Aloe barbandensis
Mill. caused by Alternaria alternata
National symposium on Emerging Trends in
Indian medicinal plant, Lucknow, pp15.

Harsh NSK, Nath V, Jamaluddin. 1990. New forest
disease record for India. J Trop Forest 6(2):
175-176.

llondu EM. 2013. Pathogenicity of mycoflora of
tip-rot disease of Aloe vera (Syn Aloe



Avasthi et al. 2018

INBR 7(1) 001 — 009 (2018)

barbadensis Miller), a common medicinal
plant In Abraka, Delta State, Nigeria. Af J
Microbiol Res7(33): 4271- 4275.

Index Fungorum 2017. Index Fungorum.
http://www.indexfungorum. Org, accessed
26 December 2017.

Jat MK, Ahir RR. 2014. Effect of temperature,
relative humidity and ph on mycelial growth
and sporulation of Fusarium solani causing
root rot of Indian Aloe (Aloe barbadensis
Mill.). J PI Sc Res 30(2):197-199.

Ji G, Wei L, He Y, Wu Y, 2007. First report of aloe
root and stem rot in China caused by
Fusarium solani. J Pl Dis 91(6): 768.

Kamalakannan A, Gopalakrishnan C, Rebnuka R,
Kalpana K. 2008. First report of Alternaria
alternata causing leaf spot on Aloe
barbadensis in India. Australasian Pl Dis
Notes 3: 110 -111.

Kamil D, Sharma DK, Devi TP, Singh M. 2014.
First report of leaf blight of Aloe vera
caused by Sphaeropsis sapinea in India. J
Gen Pl Pathol 96: 113.

Kaur H, Mohan C. 2012. Status of post flowering
stalk rots of maize and associated fungi in
Punjab. Pl Dis Res 27(2):165-170.

Khanna KK, Chandra S. 1976. Control of banana
fruit rot caused by fusarium moniliforme and
Fusarium roseum. Indian Phytopathol 29(1):
20 -21.

Kishi K, Furukawa T, Aoki T. 1999. Purple spot of
Aloe (Aloe arborscens Mill.) caused by
Fusarium phyllophilum Neirenberg et o’
Donnel (new disease). Ann Phytopathol Soc
Japan 65: 576-578.

Lal BG, Saxena N, Pancheshwar DK, Khare UK.
2016. Studies on Leaf Spot of Aloe (Aloe
Vera) Caused By Fusarium  Solani
(Mart) Sacc. Int J Agricul Sc 8(2): 960 —
963.

Lecomteac C, Alabouvette C, Edel-Hermann V,
Robert F, Steinberg C. 2016. Biological
control of ornamental plant diseases caused
by Fusarium  oxysporum: A review.
Biological Control 17-30.

Leslie JF, Summerell BA. 2006. The Fusarium
Laboratory Manual. Blackwell Publishing
UK. pp 172-173.

Lobato AKS, Gongalves-Vidigal MC, Filho VPS,
Costa RCL, Cruz FJR, Santos DGC, Silva
CR, Silva LI, Sousa LL. 2009. Changes in
photosynthetic pigment and carbohydrate
content in common bean cultivars infected
by Colletotrichum lindemuthianum. PI Soil
Environ 55 (2): 58-61.

Majumdar VL, Bhatnagar K, Sharma H, Verma
OP. 2007. Three new diseases of Aloe
barbadensis L. J Mycol Pl Pathol
37(1):124-125.

Mallesh S B, Narendrappa T. 2009. Management of
Root Rot of Sage, Salvia officinalis Caused

by Fusarium solani and Rhizocfonia solani.
Indian J PI Prot 37(1&2): 119 — 122.

Mandal K, Saravanan R, Maiti S, Kothari IL. 2009.
Effect of downy mildew disease on
photosynthesis and chlorophyll fluorescence
in Plantago ovata Forsk. J Pl Dis Prot
116(4): 164-168.

Mehraj Ul Din Shah, A. Mushag, Vinay Sagar,
Tarig Sofi. 2009. First report of Hedera
canariensis wilt caused by Fusarium solani
in India. J Pl Pathol 91:54.97— S4.112

Moretti A. 2009. Taxonomy of Fusarium genus: A
continuous fight between lumpers and
splitters”. Zbornik Matice srpske za prirodne
nauke (117): 7-1.

Musmade SA, Musmade NA, Ranjale SR,
Musmade GA. 2013. Studies on stalk rot of
maize caused by Fusarium moniliforme
Sheldon. Int J Pl Prot 6(2): 390-393.

Nelson PE, Dignani MC, Anaissie EJ.
1994, Taxonomy, biology, and clinical
aspects of  Fusarium  species". Clin
Microbiol Rev 7(4): 479-504.

Nelson PE, Toussoun TA, Marasas W FO. 1983.
Fusarium species: An Illustrated Manual for
Identification. The Pennsylvania State
University Press, University Park and
London, UK.

Palmucci HE, Barreto D.  2007. First report of
Fusarium moniliforme var. anthophylum
affecting Dieffenbachia pictavar. tropic in
Buenos Aires, Argentina. Aus Pl Dis
Notes 2: 17-18.

Pradeep K, Gupta MN. 1979.A fusarium rot of
tomato fruits. Ind Phytopathol 32: 332-333.

Rajeswari R, Umadevi M, Rahale SC, Pushpa R,
Selvavenkadesh S, Kumar SKP, Bhowmik
D. 2012. Aloe vera: The miracle plant its
medicinal and traditional uses in India. J
Pharmaco Phytochem 1: 118-124.

Raju NS, Niranjana SR, Janardhana GR, Prakash
HS, Shetty HS, Mathur SB. 1999.
Improvement of seed quality and field
emergence of  Fusarium  moniliforme
infected sorghum seeds using biological
agents. J Sci Food Agri 79: 206-212.

Ramesha V, Krishna Naik L. 2017. Survey and
identification of post flowering stalk rot of
maize caused by Fusarium moniliforme. J
Pharmaco Phytochem 6(5): 1923-1925.

Roy AK, Bilgrami KS. 1975. Leaf spot disease of
some medicinal plants common at
Bhagalpur - 1. J Bhagalpur Uni Natural Sc 8:
18-26.

Roy AK. 1976. Some new records of fungi on
medicinal plants. Cur Sc 45:464-465.
Sankar NR, Devamma MN, Kumar VK,

Giridhar D. 2011. First report of Fusarium
moniliforme causing fruit rot of tinda
(Praecitrullus fistulosus) in India. New Dis

Rep 24.


https://www.sciencedirect.com/science/article/pii/S1049964416301074#!
https://www.sciencedirect.com/science/article/pii/S1049964416301074#!

Avasthi et al. 2018

INBR 7(1) 001 — 009 (2018)

Satyaprasad K, Ramarao P. 1981. Root rot of guar
caused by Fusarium solani. Indian
Phytopathol34: 523-524.

Sen B, Lal SP, Majumdar M. 1970. Fusarium root
rot of pea. Indian Phytopathol 23: 727-728.

Shanmugam V, Thakur H, Singh M. 2015. First
report of root rot caused by Fusarium
solani on Calla Lily (Zantedeschia ellitiona)
from India. Dis Notes 99 (9): 1283.

Shanmugam V, Veena KH, Jain S, Tripathi M,
Aggarwal R, Singh AK. 2016. First report
of seedling blight caused by Fusarium
solani on cucumber from India. J Pl Pathol
98 (3): 677 — 697.

Sharma GP, Rani A, Zala DA, Sain M, Singh A,
Rathore S. 2013. Aloe barbadensis Miller a
valuable ingredient for traditional uses and
toxicological properties - A Review. Int J
Recent Biotech 1: 48-54.

Sharma SS, Samota RK. 2007. Some new fungal
diseases on A. barbadensis Miller. Ind
Phytopathol 60 (2): 277.

Sherkar BV, Utikar PG. 1982. Fusarium
fusarioides - A new leaf spot diseases of
pomegranate. Ind. J Mycol PI Pathol 12: 51.

Singh CP, Mishra US, Pandey UC. 2014.
Occurrence and incidence of foot rot disease
on fenugreek caused by Fusarium
moniliforme in Rohilkhand region of Uttar
Pradesh, India. J Environ Sc Tech 2(2): 25 -
28.

Subrahmanyam P, Mehan V K, Nevill DJ,
McDonald D.1980. Research on Fungal
Diseases of Groundnut at ICRISAT.
Proceedings International Workshop on
Groundnuts. International Crops Research
Institute for the Semi- Arid Tropics,
ICRISAT Center Patancheru, India 13-17
October.193pp.

Summanwar AS, Raychaudhuri SP, Pathak SC.
1966. Association  of  fungus Fusarium
moniliforme Sheld with the malformation in
mango. Indian Phytopathol 19; 227-228.

Tiwari AK, Kumar A, Kumari K, Singh SP, Mishra
N, Singh A, Sharma BL. 2016. Fusarium
moniliforme associated with sugarcane leaf
binding disease in India and its possible
management. In eds. Kumar P, Gupta VK,
Tiwari AK, Kamle M. Current Trends in
Plant Disease Diagnostics and Management
Practices pp 187-191.

Vakalounakis DJ, Kavroulakis N, Lamprou KK.
2015.0ccurrence of Leaf Spot Caused by
Alternaria tenuissima on Aloe barbadensis
in Greece, Pl Dis, doi.org/10.1094/PDIS-07-
15-0803-PDN.

Vishwakarma SK, Nigam A and Singh A. 2016.
Molecular  phylogenetic  analysis  of
Fusarium isolates causing Pokkah boeng
disease in sugarcane based on RAPD
marker. Int J Agricul Sc Res 6(3): 177-186.

Wonni I, Sereme D, Ouedraogo I, Kassankagno Al,
Dao |, Ouedraogo L, Nacro S. 2017.
Diseases of Cashew Nut plants (Anacardium
occidentale L.) in Burkina Faso. Adv PI
Agric Res 6(3): 00216.

Zhai LF, Liu J, Zhang MX, Hong N, Wang GP,
Wang LP. 2013. The first report of leaf
spots in Aloe vera caused by Nigrospora
oryzae in China. Pl Dis 97: 1256.

Zhao J, Zhao F, Jian G, Ye Y, Zhang W, Li J, Qi F.
2013. Intensified Alternaria spot disease
under potassium deficiency conditions
results in acceleration of cotton (Gossypium
hirsutum L.) leaf senescence. Aus J Crop Sc
7. 241-248.



