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leaf systems.

In this study, the Alternaria tenuis conidia was observed in the roots of Eucalyptus plants stained
thanks to the technique of Philips and Haymann (1970), used to study the root colonization by
endomycorrhizae. The stained roots are bearers of compartmentalized and melanized hyphae,
internal and external, and multicellular conidia of Alternaria emanating from the root bark. Different
stages of formation of these conidia were observed. Inoculation of Eucalyptus plants with the roots
fragments holding Alternaria tenuis could induce root infection that became sporogenous, one
month after inoculation, no disease symptoms were observed neither on the plant's roots or on the
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INTRODUCTION

Alternaria genus representatives are cosmopolitan in nature.
They are considering as important fungal pathogens that
usually cause disease in the aerial parts of many plants
(Macauley and Thrower, 1966; Lamb et Brown, 1970;
Macauley, 1979; Upadhyay, 1961, 1989; Pati et al., 2008). The
Alternaria genus is characterized by the formation of
polymorphic conidia that form short or long chains with
longitudinal and transverse bulkheads, and a long or short beak
(Joly, 1966). These conidia are frequently present in the
atmosphere and also into the soil (Neeraj et al., 2010).

On the other hand, the Alternaria genus causes several types of
plant diseases; the most important is called Alternaria blight is
also known as early blight, caused by two species: Alternaria
solani and Alternaria alternata. The development of this
disease is characterized by the appearance of rounded black
spots, which requires a temperature of 20 to 30 °C but also a
minimum moisture (Macdonald et al., 2007). Some Alternaria
species can attack, in different growth stages, a large number of
plant species (Cereals, Ornamental plants, Oilseeds,
Cucurbitaceae, Brassicaceae, Solanaceae, Brassicaceae,
vegetables and fruits, ...) (Srivastava et al., 1964; Lugauskas et
al., 2002; Thomma, 2003; Surviliené et al, 2004; Mitakakis et
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al., 2001; Petraitiené, 2005). The Alternaria species have been
also reported as pathogens of a high number of forest trees
species around the world. It is the case of Amaranthus
curentus, A. paniculatus and A. retroflexus, which are
responsible for necrotic lesions observed on the stems and the
leaves (Pusz, 2009). According to the literature, Alternaria
species were occasionally reported as endophytic fungi. In fact,
some researchers considered as a saprophytic endophyte, A.
alternata, which is isolated from needles of pine, (Lu et al.,
2000; Grunden et al., 2001; Tokumasu and Aoiki, 2002).

In the present study, we note the presence of Alternaria tenuis
in the roots of young plants of Eucalyptus gomphocephala.
Indeed, Alternaria tenuis is considered as agents of leaf spots
disease (Mittal et Sharma, 1982; Cabral, 1985; Nounsi ef al,,
2014). However, few Alternaria species are described as
pathogens or endophyts of Eucalyptus roots.

MATERIALS AND METHODS

The healthy Eucalyptus gomphocephala roots are cleaned from
soil particles by an abundant rinsing with tap water in a
colander. Then, only the fine roots were selected.

A lot of fine roots were used for the isolation of fungi on agar
medium. Fragments of these roots are deposited for 2 minutes
in alcohol 90° solution then rinsed for several times with sterile
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water. By the end, the fragments are quickly dried on sterile
filter paper and placed on water agar medium (20 g of agar per
liter of distilled water). The observations are made after one-
week incubation. Other root fragments were transferred into
PSA medium (200 g of potatoes, 20 g of Sucrose, 15 g of agar-
agar, and 1000 ml of distilled water). Consecutive picking out
from colonies growing around the root fragments, accompanied
by microscopic observations has yielded to get pure cultures of
Alternaria tenuis.

Another lot of healthy roots were treated according to the
technique of clearing and staining of Philips and Haymann
(1970). The roots are cut into a length of 1 to 2 cm and placed
into glass vials containing 10 ml of a potassium hydroxide
(KOH) solution 10%. These glass vials are then placed in the
water bath at 90 °C for 15 min. The Root fragments are then
bleached by adding a few drops of H,0O, to the KOH solution.
15 min later, the fragments are rinsed with distilled water and
then stained with a solution of cresyl blue (0.05%) for 15 min.
The fragments were finally rinsed with sterile distilled water
and observed under a microscope. Each fragment was carefully
observed throughout its length, to the magnifications of x100
and 400.

Several Eucalyptus plants roots, which have shown the
presence of Alternaria tenuis, were selected and cut into
fragments of 1 cm then mixed with disinfected sand and peat.
Young seedlings of apparently healthy Eucalyptus roots, which
contain no Alternaria tenuis, are prick out on the substrate
containing the infected roots. These ones are observed one
month after inoculation. The roots fragments are grown on
water agar medium and continually checked to control the
presence of fungi. Some other roots were used for observation
under the microscope according to previously mentioned
technique of Kormanik and McGraw (1982); Trouvelot et al.
(1986) and Kormanik et Mc Graw (1982).

RESULTS

Microscopic observations revealed that the roots, stained by the
technique of Philips and Haymann, Roots have septate and
melanized, internal and external, mycelium filaments. In
addition, we observe multicellular Alternaria conidia on the
root bark (Fig.1). Different stages of conidia formation were
observed (Figure.2). The mycelium is internal and developing
external conidia. Functional cells, also called 'reproductive
apical cells', emanate along the surface of the cortex. These
cells get across the root cortex and bud normally to give
daughter cells that will subsequently differentiate into
multicellular conidia. At first, cells are formed with transverse
bulkheads then longitudinal bulkheads appear. Mature conidia
were observed on the surface of the root cortex. Sometimes the
conidia germinate and produce filaments that grow from the
dictyospore basal cells (Figure.3).

The identified species, according to the taxonomic key of Nees
(1817), is Alternaria tenuis. We note the presence of a
bulkheaded mycelium (Fig.1. A and B), as well as the
formation of conidia inside the root cells (Fig.1. C and D).

After the roots inoculation, Alternaria tenuis is established at
the fine roots a month later. Multicellular conidia emanating
from the cells of the root cortex were observed as well as the

different stages of dictyospores formation. (Fig.2.). A. tenuis
was also isolated from the inoculated roots. At first, cultures
obtained from PSA are white, by the time, the color changes to
become olive green (Fig.4.A). We note that the mycelium is
bulkheaded (Fig.4.B).

Figure.1 Microscopic observations of Eucalyptus fine roots, stained
according to the technique of Philips and Haymann (1970), developing in
nurseries: bulk headed and melanized Mycelial filaments : A : internal, B :
external, C and D : Multicellular Alternaria conidia emanating from the
root bark.

& : { ! i
Figure 2 Different formation stages of Alternaria tenuis reproductive
structures, conidia, asexual spores.

Figure 3 Mature germinating conidia observed at the surface of the root
cortex, the filaments grow from basal dictyospore cells.
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Figure 4 A Colony of Alternaria tenuis obtained from infected roots; B:
bulk headed Mycelium; fluid mounting: cotton blue; M : x 400.

DISCUSSION AND CONCLUSION

Alternaria tenuis conidia have been highlighted in the
Eucalyptus roots by the staining roots technique used to study
endomycorrhizae. Different stages of conidia development
were observed. The germination of mature conidia can be
observed at the surface of the roots.

The roots, in which conidia are developed, can be called
'sporogenous roots ' show no signs of illness, they are healthy
looking roots. In this sense, we can consider Alternaria tenuis
as Eucalyptus roots endophytic fungus. It does not cause any
damage to the hosted roots. Inoculation by Eucalyptus roots
fragments, that hold Alfernaria, could induce root infection,
after one month of incubation. During the incubation period, no
symptoms of the disease were identified either on the roots or
on the leaf system of plants.

The isolation of endophytic fungi from different plant tissues
has been achieved since the mid-1970s (Hata and Futai, 1996).
Endophytes showed the power to protect their host plants from
insects and coleopteran attacks (Webber and Gibbs, 1984;
Petrini et al, 1989), the stimulation of seed germination
(Luginbiihl and Miiller, 1988), the growth (Leuchtmann and
Clay, 1988) and reducing disease (Jhonson et al., 1992; Smith
et al., 1996). Alternaria species are widely distributed in
endophytic mycoflora of a wide range of plants (Rotem, 1994).
In the studied Eucalyptus plants, Alternaria tenuis sporulates
well in the cells of the root cortex. It was isolated from the
culture medium and identified. In South Africa, Alternaria
species were isolated from the roots and the seeds of
Eucalyptus and Pinus (Viljoen et al., 1992). In Iraq, Alternaria
were also isolated from the roots of various types of plants,
including the leaves and the roots of Eucalyptus (Ali Hassan,
2012). In Australia and England, a comparative study, of
Eucalyptus leaves, bark and xylem endophytic fungi, cited the
Alternaria genus as an endophytic fungi of Eucalyptus (Fisher
et al., 1993). In India, Beena et al. (2000) noted the presence of
Alternaria as the endophytic flora of the Ipomoea pes-caprae,
Launaea sarmentosa and Polycarpaea corymbosa roots. In
Argentina, A. alternata and A. tenuissima were cited as
endophytes of Soybean (Larran et al., 2002).

In Pakistan, A4.alternata was identified as a causative agent of
wheat and rice root rot (Iram and Ahmad, 2005), the fungus has
demonstrated the ability to form conidia which infect roots. In
Florida (United States), Alternaria was reported as pathogens
of Torreya taxifolia roots (Alfieri et al. 1984; El Gholl 1985;
USFWS, 1986; Alfieri et al., 1987; Schwartz et al, 1995).
Moreover, Kucharek (2000) and Laemmlen (2001) reported
that the appearance of leaf lesions on the aerial part of turnips

is the expression of root infection by a pathogenic Alternaria
species.

A. tenuis is considered as a foliar pathogen of Eucalyptus, it
induces sporulating lesions on leaves (Nounsi et al., 2013). We
noted also the A. tenuis spores presence and development on
the root bark of the Eucalyptus plants. However, their presence
did not induce necrotic lesions either on the roots or on the
plant's leaves. The same observation was made after the
inoculation of the of Eucalyptus plants roots. Indeed A. tenuis
is well installed at the roots, it sporulates at this level but does
not induce symptoms either on the root mass or on the aerial
part. Inoculation of the leaf mass of different species of
Eucalyptus with A. tenuis, isolated from roots, will help to
clarify if those isolates are considered as Fucalyptus pathogenic
endophytes or not.

References

Alfieri, S. A. Jr., C. L. Schoulties, K. R. Langdon, and N. E.
El-Gholl. 1987. Leaf and stem disease of Torreya
taxifolia in Florida. Florida Department of Agriculture
and Consumer Services. Division of Plant Industry.
Plant Pathology Circular No. 291. 4 pp.

Alfieri, S. A. Jr.,, K. R. Langdon, C. Wehlburg, and J. W.
Kimbrough. 1984. Index of plant diseases in Florida.
Florida Department of Agriculture and Consumer
Services. Division of Plant Industry. Bulletin 11. p. 380.

Ali Hassan, M. K., 2012. Isolation and identification of
Alternaria species isolated from plant parts and
evaluated their enzymatic activities. Journal of al-
qadisiyah for pure science (quarterly) 17: 1-12.

balsamea from needles and galls of Paradiplosis tumifex.
Phytoprotection, 70: 97-103.

Beena, K.R., Ananda, K. and Sridhar, K. R., 2000. Fungal
endophyte of three sand dune plant species of west cosat
india. Sydowia, 52 (1): 1-9.

Cabral, D., 1985. Phyllosphere of FEucalyptus viminalis:
dynamics of fungal populations. Trans Br Mycol Soc 85:
501-511.

decaying pine needles in an oceanic subtropical region in
Japan. Fungal Diversity, 10: 167-183.

El-Gholl, N. E., 1985. Fusarium lateritium causing needle
spots on Torreya taxifolia in Florida. Plant Disease,
69:905.

Eucalyptus seedling nurseries in South Africa: a review. South
African Forestry Journal, 161: 45-51.

Fish, U.S. and Wildlife Service, 1986. Florida torreya
(Torreya taxifolia) recovery plan. U.S. Fish and Wildlife
Service. Atlanta, Georgia, USA, 42 pp.

Fisher, P .J., Petrini, O. and Sutton, B.C. 1993. A comparative
study of fungal endophytes in leaves, xylem and bark of
Eucalyptus in Australia and England. Sydowia, 45: 338-
345.

Grunden, E., Chen, W.D. and Crane, J.L., 2001. Fungi
colonizing microsclerotia of Verticillium dahliae in
urban environments. Fungal Diversity, 8: 129-141.

Hata, K. and Futai, K., 1996. Variation in fungal endophyte
populations in needles of the genus Pinus. Can. J. Bot.,
74:103-114.

Iram, S. and Ahmad, 1., 2005. Analysis of variation in
Alternaria alternata by pathogenicity and RAPD study.
Polish Journal of Microbiology, 54 (1): 13-19.

13557 |Page



Anasse NOUNSI et al., Highlighting of Alternaria Tenuis Conidia In The Roots of Eucalyptus Gomphocephala Through The Technique of Clearing
and Staining of Phillips And Haymann (1970)

Johnson, G. 1., Mead, A. J., Cooke, A. W. and Dean, J. R,
1992. Mango stem end rot pathogens - Fruit infection by
endophytic colonization of the inflorescence and pedicel.
Ann. appl. Biol., 120: 225-234.

Joly, P., 1966. Le genre Alternaria. Encyclopédie
Mycologique XXXIII. Edition P. le chevalier, pp.18-19.

Kormanik, P.P. and Mc Graw, A.C., 1982. Quantificationof
Vesicular-arbuscular Mycorrhizae in Plant Roots. In:
Methods and Principles of Mycorrhizal Research, Sheed,
N.C. (Ed.). American Phytopathological Society, St.
Paul, pp: 37-45.

Kucharek, T., 2000. Alternaria Diseases of Crucifers. Plant
Pathology Fact Sheet, pp.34.

Laemmlen, F., 2001. Alternaria Diseases. ANR Publication
8040, pp. 4.

Lamb, R.J., Brown, J.F., 1970. Non-parasitic microflora on
leaf surfaces of Paspalum dilatatum, Salix babylonica
and FEucalyptus stellulata. Trans Br. Mycol. Soc.,
55:383-390.

Larran, S., Rollan, C., Bruno Angeles, H. J., Alippi, H. E.,
Urrutia, M. 1., 2002. Endophytic fungi in healthy
soybean leaves. Invest. Agr. Prod. Prot. Veg., 17: 173—
178

Leuchtman, A. and Clay K., 1988. Experimental infection of
host grasses and sedges with Atkinsonella hypoxylon and
Balansia cyperi (Balansiae, Clavicipitaceae). Mycologia,
80: 291-297.

Lu, B.S., Hyde, K.D., Ho, W.H., Tsui, K.M., Taylor, J.E.,
Wong, K.M., Yanna and Zhou, D.Q.,2000. Checklist of
Hong Kong fungi. Fungal Diversity Research Series, 5:
1-207.

Lugauskas, A., Paskevi¢ius, A., Repeckiené, J., 2002.
Pathogenic and toxic micro organisms in human
environment. Vilnius: Aldorija; 2002 (in Lithuanian).

Luginbiihl, M. and Miiller, E., 1988. Untersuchungen iiber
endophytische Pilze. II. Forderung der Samenkeimung
bei Hedera helix durch Aureobasidium pullulans und
Epicoccum purpurascens. Ber. Schweiz. Bot. Ges., 90:
262-267.

Macauley, B.I, 1979. Biodegradation of litter in Eucalyptus
pauciflora communities. II. Fungal succession in
fungicide- and insecticide-treated leaves. Soil Biology
and Biochemistry, 11: 175-179.

Macauley, V. J. and Thrower, L. B., 1966. Succession of
fungi in leaf litter of Eucalyptus regnans F. Muell.
Transition British Mycological Society, 49: 509-520.

MacDonald, W., Peters, R.D. and Lacroix, R.H.C., 2007.
Effect of strobilurin fungicides on control of early blight
(Alternaria solani) and yield of potatoes grown under
two N fertility regimes. Phytoprotection, 88(1): 9-15.

Mitakakis, Z. T., Clift, A., McGee, A. P., 2001. The effect of
local cropping activities and weather on the airborne
concentration of allergenic Alternaria spores in rural
Australia. Grana, 40(4/5): 230-239.

Mittal, R.K. and Sharma, M.R. 1982. Studies on the
mycoflora and its control on the seeds of some forest
trees 11. Shorea robusta. Plant Pathol., 12(2): 170-174.

Neeraj, B. and Shilpi Verma, S., 2010. Alternaria diseases of
Vegetable Crops and New Approaches for its Control.
Asian J. Exp. Biol. Sci., 1 (3): 681-692.

Nounsi, A., El Asri, A., Ouazzani Touhami, A., Benkirane, R.

and Douira, A., 2013. Sur I’origine fongique des galles
observées chez les Eucalyptus. Journal of Applied
Biosciences, 62: 4665 — 4673.
Nounsi, A., Outcoumit, A., Selmaoui, K., Ouazzani
Touhami, A., Benkirane, R. and Douira, A., 2014.
Inventaire des champignons ectomycorhiziens du
Maroc. Journal of Applied Biosciences, 79: 6826 —
6854.

Pati, P.K., Sharma, M., Salar, R.K., Sharma, A., Gupta A.P.
and Singh, B., 2008. Studies on leaf spot disease of
Withania somnifera and its impact on secondary
metabolites. Indian J. Microbiol., 48: 432-437.

Petraitiené, E., 2005. Occurrence and harmfulness of
Alternaria blight (Alternaria spp.) in oilseed rape
(Brassica napus var. oleifera) and turnip rape (Brassica
rapa var. oleifera) and possibilities to reduce its
damage: summary of doctoral dissertation, Kaunas.

Petrini, L.E., Petrini, O. and Laflamme, G., 1989. Recovery of
endophytes of Abies

Philips, J.M., Hayman, D.S.; 1970. Improved procedures for
clearing rots and staining parasitic and vesicular
arbuscular mycorhizal fungi for rapid assessment of
infection. Trans. Brit. Mycol. Soc., 5: 158-161.

Pusz, W., 2009. Morpho-physiological and molecular
analyses of alternaria alternata isolated from seeds of
Amaranthus. Phytopathologia, 54: 5-14.

Rotem, J., 1994. The genus Alternaria: Biology,
epidemiology and pathology. APS Press, St. Paul, MN,
USA.

Schwartz, M.W., Hermann, S.M., and Vogel, C. S., 1995.
The catastrophic loss of Torreya taxifolia: assessing
environmental induction of disease hypotheses.
Ecological Applications, 5(2): 501-516.

Smith, H., Wingfield, M.J. and Petrini, O., 1996.
Botryosphaeria dothidea endophytic in FEucalyptus
grandis and Eucalyptus nitens in South Africa. Forest
Ecology and Management, 89: 189-195.

Srivastava, M.P., Chandra, S.and Tondon, R.N., 1964. Post
harvest diseases of some fruits and vegetables. Proc.
Nat. Acad. Sci. India, 34(B): 339-342.

Surviliené, E., Sidlauskiené, A., Vasinauskiené, M., Zitikaité,
I., 2004. Resistance of Brassica L. vegetables to
phytopathogens. Horticulture and Vegetable Growing,
23(1): 115-125 (in Lithuanian).

Thomma, J.H.P.B., 2003. Alternaria spp.: from general
saprophyte to specific parasite. Molecular Plant
Pathology, 4(4): 225-236.

Tokumasu, S. and Aoiki, T., 2002. A new approach to
studying microfungal succession on

Trouvelot, A., Kough, J. L. & Gianinazzi, V., 1986. Mesure
de taux de mycorhization VA d'un systéme radiculaire.
Recherche de méthodes d'estimation ayant une
signification fonctionnelle. In physiological and genetic
aspects of mycorhizical, V. Gianinazzi-Pearson et S.
Gianinazzi. (éd.), INRA, Paris, pp 217-221.

13558 |Page



International Journal of Recent Scientific Research Vol. 7, Issue, 10, pp. 13555-13559, October, 2016

Upadhyaya, V. P., Singh, J. S. and Meentenmeyer, V., 1989. Viljoen, A., Wingfield, M.J., and Crous, P.W., 1992. Fungal

Dynamics and weight loss of leaf litter in central pathogens in Pinus and Webber, J.F and Gibbs, J.N.,
Himalayan forest: abiotic versus litter quantity influence. 1984. Colonization of elm bark by Phomopsis oblonga.
Journal of Ecology, 77: 147-161. Transaction of the British Mycological Society, 82: 348—
352.
sfe sk ke sk sk s ok

How to cite this article:

Anasse NOUNSI et a/.2016, Highlighting of Alternaria Tenuis Conidia In The Roots of Eucalyptus Gomphocephala Through
The Technique of Clearing and Staining of Phillips And Haymann (1970). Int J Recent Sci Res. 7(10), pp. 13555-13559.

13559 |Page



