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Abstract: The aim of this work was to assess the macroscopic and microscopic characteristics and the variability between isolates of
Sporisorium scitamineum present in Cote d'lvoire. Smut whip samples were collected in 2017 and 2018 in Céte d'lvoire from four agro-
industrial complexes. The fungus was isolated out on PDA medium at the Laboratory. The morphological characters were described on
the basis of the growth diameter, texture and colonies colors. The microscopic description focused on the spore’s size from medium and
teliospores from whips. An analysis of variance was applied to the measured parameters and the means comparison was performed
according to the Newman-Keuls test (post-hoc ANOVA test) at the significance level of 5% using the STATISTICA 7.1 software.
Macroscopic results indicated two groups of isolates. Group 1 contains 85% of the isolates and characterized by a white mycelial colony
with a cottony appearance. The G2 group comprising 15% of the isolates and marked by a yeast-shaped mycelial colony. The diameter of
the teliospores varied between 8.36 um and 10.25 pm. The size of the spores varied between 9.14 and 11.65 pm. This study made it

possible to highlight the variability between the isolates of Sporisorium scitamineum in Céte d'lvoire.
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1. Introduction

Sugarcane, Saccharum officinarum is a Poaceae, cultivated
for the sugar contained in its stems [1]. It is cultivated in
about 109 countries in the tropical and subtropical regions of
the world [2], on more than 26.9 million hectares of land. It
contributes more than 60 per cent of global sugar production
[3]. It plays a considerable role in the world economy, in
terms of agri-food [4]. In recent years, sugarcane has been
used for the production of ethanol, biofuels and energy [5].
In Cbte d'lvoire, it is mainly cultivated for sugar production,
estimated at 214,000 tons per annum. It contributes about
0.9% of GDP and 3.3% of the agricultural sector.
Unfortunately, plantations are attacked by several fungal
pests, including Sporisorium scitamineum [6], described as
an agent of smut. This disease was reported in 1877 in Natal,
South Africa [7]. It spread very rapidly in all sugarcane
producing countries causing numerous yield losses ranging
from 30 to 50% for susceptible varieties [8]; [9]. Control
methods are mainly based on the use of resistant varieties.
However, some authors have reported that the disease is
difficult to control because the pathogen sometimes
produces new physiological strains to overcome the host
resistance mechanism [9]; [10]. To this end, several
physiological strains have been reported in several countries
including Hawaii, Taiwan, Brazil, and Pakistan [10]. These
strains have been reported on the basis of morphological
characters [11]; [12]. In the past in Cbte d'lvoire, knowledge
on isolate strains has been limited to the study made by [13].
Therefore, as smut is and continues to be a threat to
sugarcane cultivation, it seems necessary to initiate a study

to assess the physiological and morphological variability of
the pathogen in order to prevent the risk of an epidemic.
This study carried out in the laboratory aims to evaluate the
morphological and microscopic variability between isolates
in order to develop against this pathogen, an effective
control strategy at low cost without risk of contamination for
the user, the environment and production.

2. Material and methods
2.1 Plant Material

The research was carried out on four sugar complexes in
Cote d'lvoire in 2017 and 2018. The Integrated Agricultural
Unit (IAU) of Zuénoula is located between 7°30 and 7°40
north latitude, and between 6°50 and 6°15 west longitude;
The Integrated Agricultural Unit (IAU) of Borotou-Koro is
located between 08°31 north latitude and 7°17 west
longitude. The two sugar perimeters of Ferkél and 2 are
located in the north of C6te d'lvoire between 9°20' and 9°60'
north latitude and between 5°22' and 5°40" west longitude
respectively. Surveys were carried out in the four production
areas. Nursery plots and industrial plantations were visited.
Samples of charcoal whips were collected from the
sugarcane varieties encountered and stored in plastic bags. A
collection of 556 whips of Sporisorium scitamineum was
collected from different varieties and stored in the laboratory
at room temperature. Also, in order to highlight the
variability among isolates, a collection of nine (09) samples
was collected specifically from the sugarcane varieties
mainly grown in the different zones and coded (Table I).
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Table I: Isolates taken from different varieties in four production zones

Locations Plots Varieties | Isolate codes Symptoms Geographical coordinates
Zuénoula | PIV39D | R570 R570Z Whip 0%76 °3161'§87552\’>1v
Zuénoula | A47 | CO997 | CO997Z Whip St
Zuénoula A54 R570 R570BK Whip 0%20%.9322,’\\'/\/
Ferké 2 P3-53 | SP711406 | R93/2140Y Whip 0%95}2%.343961}\7\/
Borotou-Koro | Pivléd | R93/2140 SP711KD Whip not emerged 0%87030257107\’\/1\/
Borotou-Koro | 36C | R97/6177 | R97/6177K Whip 0%32171323’\\'/\/
Borotou-Koro | E68 | CO997 | CO997E Whip 0%*;%%%%%’;‘\/
Ferké1l | B3-12 | SP701006 | SP711M Whip eyt
Borotou-Koro | Piv7D | NCO376 | NCO376B Red Whip oI

2.2 Isolation and identification of strains

The whips were cut into 1 cm fragments using a sterilized
scalpel at a rate of eight explants per sample. These pieces
were disinfected with 70% alcohol for 1 minute, followed by
soaking in 5% sodium hypochlorite for 03 min [14]. These
fragments were thoroughly rinsed with sterile distilled water.
Using sterile forceps, the explants were removed and
inoculated onto PDA medium in Petri dishes and sealed with
stretch film before being kept in the dark for 5 days at 25 +
2°C [14]. After 7 days of incubation, mycelial strands of the
fungus at the growing front were removed with a punch and
transplanted on PDA medium into a Petri dish to obtain a
pure colony [15] Strains were identified on the basis of their
cultural traits described by [16] and by referring to the
identification key of [17] charter. The strain isolation rate
was calculated according to localities according to the

following formula: Tx (%) = Ni;’mo_l_x

Isolation rate; Ni: the number of samples from which
isolations were made; Nt: the total number of samples.

2.3 Morphological observation of isolates

The description of the crops was done according to the
method described by [14]. based on the cultural aspects of
the strains. These were the texture and colouring of thallus
[16].

2.4 Microscopic observation of isolates

The microscopic description was carried out according to the
method described by Rosalyn et al., (2006) [18]. The size of
spores from the cultures and the diameter of teliospores from
the carbon whips were evaluated. A teliospore suspension
was prepared in test tubes from the carbon whips. Using a
computer-coupled camera, the diameters of 50 teliospores
were measured and repeated 4 times for each isolate, i.e. 200
teliospores/strain [18]. The same methodology was adopted
for the measurement of spores. After 15 days of culture, a
spore suspension was prepared in the test tubes. From this
solution, the sizes of 50 spores were taken at a rate of 4

replicates per suspension, 200 spores/strain [18]. Spore and
teliospore shapes were also describe

2.5 Statistical analyse

An analysis of variance was applied to the measured
parameters and the comparison of the means was performed
according to the Newman-Keuls test (ANOVA post-hoc
test) at the 5% significance level using the STATISTICA 7.1
Software. This was followed by a Principal Component
Analysis (PCA) using the same software.

3. Results

3.1 Isolation rates by locality

Table 1l presents the isolation rates of Sporisorium
scitamineum by locality. Statistical analysis indicated a
significant effect of locality on the isolation rate of isolates
(P < 0.05). The localities of Zuénoula and Ferké 2 had the
highest isolation rates with 52.85% and 52.63% respectively.
As for the Borotou-Koro zone, the isolation rate was the
lowest with 37.63% or 102 isolates. The locality of Ferkél
showed an intermediate rate of isolation with 43.47% (10
isolates). On average, the isolation rate was estimated at
45.31% or 261 isolates obtained.

3.2 Macroscopic description of the culture on PDA
medium of Sporisorium scitamineum

Macroscopic description of the isolates showed two groups
according to texture, box coloration and growth topography.
Group 1 (G1) represents about 85% of the collected isolates.
Isolates are characterized by abundant mycelial texture with
white coloration on the upper surface of the petri

Table I1: Isolation rate of Sporisorium scitamineum in
different localities

Volume 9 Issue 3, March 2020

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR20307072052

DOI: 10.21275/SR20307072052

Locations Total |Isolation rate | Total i§olates
samples (%) obtained
Borotou-Koro 271 37,63 % 102
Zuénoula 263 52,85 % 139
Ferké 1 23 43,47 % 10
Ferké 2 19 52,63 % 10
Total 576 45,31% 261
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Means followed by the same letters in the same row are not
significantly different at the 5% threshold according to the
Newman-Keuls test dish and light yellow on the reverse side
of the dish (Table I11). The second group (G2) comprises
15% of the collected isolates. This group is characterized by
a sparse mycelial texture with a yellow coloration on both
sides of the petri dish and is yeast-like. Both groups showed
flat and radial growth (Table 111).

3.3 Microscopic description of spores and teliospores of
Sporisorium scitamineum

Microscopic description of the isolates revealed that spore
length and teliospore diameter vary between isolates. All the
spores obtained on culture medium are cylindrical in shape.
Among the G1 group isolates, spore length ranged from 9.2

Table IV: Microscopic characteristics of spores and
teliospores of Sporisorium scitamineum

Teliospore diameter (um)
Groups | Minimum Maximum Medium
Group1 | 7,33+0,39a | 10,25 +1,30a | 8,85 +1,2a
Group 2 | 7,35+0,42a | 10,30 +1,32a | 8,80 +1,24a
Spore length (um)
Groups | Minimum Maximum Medium
Group 1 | 9,21 +1.06a | 12,42 +3,64a | 10,61 £2,32a
Group 2 | 9,68 +1,35a | 12,07+1,52a | 10,43 +2,13a

The means followed by the same letters in the column are
not significantly different at the 5% threshold according to
the Newman-Keuls test.

Table V: Morphological characteristics and mycelial growth
diameters of isolates

UM to 12.42 pm, i.e. an average of 10.61 pm. For group G2, solate codes | 01Oy staining - Average Growth Diameters
- Surface / Reverse | of colonies (cm) at 28°C
spore length ranged from 9.68 pum to 12.07 pum, with an - -
. . R580Z  White / Light yellow 7.40+0.14a
average of 10.43 um (Table 1V). Teliospore diameter ranged C09977 Yellow/ Yellow 730+1.13a
from 7.33 pum to 10.25 pum with an average of 8.85 pum. R93/2140Y White / Yellow 7.25+0.35a
Teliospores are circular in shape with a thick wall, the R97/6177K | White / Yellow 72520352
diameters of which varied according to the isolates collected SP711KD | White/ Yellow 6.40+0.14b
R570BK White / Yellow 7.25+0.35a
Table 111: Macroscopic characteristics of Sporisorium CO997E  White / Light yellow 7.40% 0.14a
scitamineum isolates SP711M Yellow / Yellow 7.0+ 0.7ab
Macroscopic description NCO376B White / Yellow 7.70+£0.28 a
G Proportion Text Colour T h The means followed by the same letters in the column are
TOUPS | ot isolates exture Surface[Reverse| | P94 not significantly different at the 5% threshold according to
Abundant White Flat the Newman-Keuls test.
Group 1| (85 %) Aerial mycelium| Light yellow growth
Short aerial Light | Light Flat SPIUM..
0, B ~
Group 2| (15 %) mycelium yellow | yellow | growth

Two groups were formed; in group G2, the length of
teliospores ranged from 7.35 to 10.30 pm with a mean of
8.80 um (Table 1V).

3.4 Studies of the morphological variability of strains
collected from different sugarcane varieties

Analysis based on colony texture and colour revealed two
types of Sporisorium scitamineum strain colonies. Among
the isolates, more than 77.77% showed a very abundant
mycelial texture of white on the upper surface and yellow on
the reverse side of the culture dish and were formed by
strains R580Z, R93/2140Y, R97/6177K, SP711KD,
R570BK, CO997E and NCO376B (Figure 1). Whereas,
strains coded by C0O997Z and SP711M accounted for 22%
of the isolates and showed a sparse mycelial texture with a
yellow coloration on both sides similar to yeast (Figure 1).
Analysis of the mean colony growth of the strains indicated
a significant difference (P < 0.05), as shown in Table V.
Based on their radial growth diameter, the strains were
classified into three groups. The first group has rapid growth
and is characterized by a growth diameter between 7.70 cm
and 7.25 cm; this group is composed of seven strains coded
R580Z, CO0997Z, R93/2140Y, R97/6177K, 570BK,
CO997E and NCO376B. The second group has intermediate
growth, with an average growth diameter of 7.0 cm
composed by the coded strain SP711M. Finally, the third
group called the slow growing group is marked by an
average growth diameter of 6.40 cm and comprises the
coded strain SP711KD (Table V).

RETOBK

' :';,- -‘.A.
o

Figure 1: Morphological aspects of isolates after 5 days of
culture

3.5 Studies of microscopic variability between
Sporisorium scitamineum strains collected from different
varieties

The analysis of variance shows a highly significant strain
effect (p < 0.01) for the diameter of the teliospores (Figure
2). Two groups of isolates were observed based on
teliospore size. Isolates R580Z and SP711KD had the largest
teliospore diameters with values of 10.17 um and 10.25 pm,
respectively. Isolates coded as CQ0997Z, R570BK,
R93/2140Y, R97/6177K, CO997E and SP711M had the
smallest teliospore diameters ranging from 8.36 pm to 9.12
pm. Spore length analysis indicated a very significant

Volume 9 Issue 3, March 2020

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR20307072052

DOI: 10.21275/SR20307072052

1378



International Journal of Science and Research (IJSR)
ISSN: 2319-7064
ResearchGate Impact Factor (2018): 0.28 | SJIF (2019): 7.583

difference (p < 0.01) between isolates and allowed the
isolates to be classified into two groups. Isolates coded
C0997Z, R570BK, R93/2140Y, CO997E and SP711M
obtained the highest spore sizes ranging from 10.41 um to
11.65um. Isolates coded as R580Z, R570BK, R97/6177K
and NCO376B had the smallest spore sizes with values
ranging from 9.14 to 10.17 pm.

M Téliospore
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Ib bl P b

RET0Z CO9%97Z  RSTOBK R93/2140Y SPTIIKD ROTEITTK COS97E  SPTIIM ,\TTJTEBI
SOl
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Spore and teliospore sizespum (pm)
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Figure 2: Average size of different strains Sporisorium
scitamineum

3.6 Correlation between isolates

Principal Component Analysis (PCA) showed that factor 1
(axis 1) contributes 55.85% of the total variance and factor 2
(axis 2) contributes 34.64% of this variability (Figure 3).
Teliospore diameter has a negative correlation with both
factors F1 and F2 with coordinates -0.9 and -0.1. Spore size
is positively correlated with the two factors F1 and F2 with
0.31 and 0.82 as correlation coefficients, respectively. As for
growth diameters and phytosanitary parameters (disease
incidence), they showed a positive correlation with the F1
factor and a negative correlation with the F2 factor with
(0.62 and-0.64) and (0.75 and -0.32) respectively. The
dispersal pattern of PCR individuals thus revealed four
groups of strains (Figure 3):

The first group consists of strains R580Z and R93/2140Y
which showed a negative correlation with the two factors
(F1 and F2). This group is characterized by large-diameter
teliospores,

The second group consists of the strains coded Co997E and
SP711M. They have recorded a positive correlation with
both factors and are distinguished by large spore sizes,
strains C0997Z and SP711KD form the third group with a
negative correlation with the F1 factor and a positive
correlation with the F2 factor. They are characterized by
rapid mycelial growth with a high incidence of smut, finally,
strains R570BK and NCo376B form the fourth group,
characterized by a positive correlation with factor F1 and a
negative correlation with F2. These strains are characterized
by large spore sizes, with strong mycelial growth and a high
rate of infection. It is also characterized by small diameter
teliospores.

4. Discussion

The structure of isolates of Sporisorium scitamineum, an
agent of smut, was studied. The localities of Zuénoula and
Ferké 2 obtained the highest rates of isolation of fungal
strains. Also, the morphological study, based on the
appearance and coloration of the colonies, showed a
significant difference between the colony growth diameters
of the Sporisorium scitamineum strains. This study identified
two types of Sporisorium scitamineum strains with white
mycelial colonies and yellow yeast-like colonies. These
results are in agreement with those [14] who found a
difference between nine strains of Sporisorium scitamineum
in Kenya with white and yellow yeast-like mycelial
colonies. In addition, our results corroborate those of [19].
who reported the existence of six all-white and yellow
strains at the front and back of petri dishes. However, the
studies of [20] contradict our results. These authors reported
the existence of three types of Sporisorium scitamineum
colonie. Teliospore analysis revealed strains with large
teliospores with diameters ranging from 10.17 um to 10.25
pm, and strains with small teliospores with diameters
ranging from 8.36 um to 9.12 um. The spores obtained
showed two forms. Long spores from 10.41 to 11.65 pum
long and short spores from 9.14 to 10.17 pm long were
observed. These results are similar to those obtained by [18]
in the Philippines. However, the observed spore sizes do not
agree with those obtained by [19] in Kenya. This author
obtained smaller spore and teliospore sizes between 6.46 and
7.22 ym
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Figure 3: Circle of correlation and strain dispersion Groups
of Sporisorium scitamineum obtained in Céte d’Ivoire
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This physiological difference between strains can be
correlated with changes in the genome of Sporisorium
scitamineum ([20], 1983; [10]. To this end, several countries
have reported the presence of physiological strains of
Sporisorium scitamineum ([10]. As for the work of [9], they
demonstrated that this variability of the pathogen may be
due to the appearance of new physiological races over time.
Moreover, it is also due to the influence of the climatic and
environmental conditions of the area. This is in line with the
work of [21] and [22] who demonstrated the effect of the
environment in the variation of Sporisorium scitamineum
strains. This shows that there may be variation in spore size
that could be related to the strain or due to the strain's
adaptation to the environment. To this effect, our results
confirmed a variation between strains depending on
sugarcane varieties and production areas. Two types of
colonies were thus identified in Céte d'lvoire. [23]
demonstrated with similar results that the pathogen
sometimes produces new physiological strains to overcome
the host resistance mechanism. However, the work of [10]
and [24] demonstrated using AFLP markers that there is a
very low level of overall genetic variability except for the
few isolates from South-East Asia. Thus, a further
confirmatory study should be carried out using molecular
diagnostic techniques. Our results showed that there could
be variation between strains of Sporisorium scitamineum in
Céote d'Ivoire. This could be a risk in the event of a serious
epidemic, and methods for sustainable control of this
pathogen should be considered.

5. Conclusion

This study allowed us to demonstrate that there is structural
and physiological variability between isolates of
Sporisorium scitamineum in Céte d'lvoire. Based on
morphological and microscopic description, differences
were observed between isolates according to sugarcane
varieties and production areas. This could be a risk in case of
a severe epidemic. However, a further confirmatory study
should be carried out using molecular diagnostic techniques
and consideration should be given to establishing sustainable
control methods for this pathogen.

6. Acknowledgement

We would like to thank the African Centre of Excellence on
Climate Change, Biodiversity and Sustainable Agriculture
(ECA-CCBAD) for funding this research. We are also
grateful to the sugar companies, SUCAF-CI and
SURCRIVOIRE, for having authorized the prospecting in
their sugarcane plantations.

References

[1] Arzate A., 2005. Extraction et raffinage du sucre de
canne, ACER. 45 p.

[2] Fauconnier R. et Bassereau D., 1970. La canne a
sucre, Maisonneuve et Larose, Paris, 441p.

[3] Dotaniya L., C. Datta, R. Biswas, K. Dotaniya, L.
Meena, S. Rajendiran, K. L. Regar, and Manju
Lata., 2016. Use of sugarcane industrial by-products for

improving sugarcane productivity and soil health. Int. J.
Recycl. Org. Waste Agricult 5: 185.

[4] Macedo I.C., Seabra J.E.A. et Silva J.E.A.R., 2008.
Greenhouse gases emissions in the production and use
of ethanol from sugarcane in Brazil: The 2005/2006
averages and a prediction for 2020. Biomass Bioenergy
32: 582-595

[5] Muhammad K. 2011. Identification and
characterization of Rust Resistance Gene (s) in
Commercial Cultivars of Sugarcane (Saccharum
hybrids L.). PhD. Thesis University of Punjab, Lahore,
Pakistan. pp.196.

[6] Piepenbring M. Stoll. et Oberwinkle F. 2002 The
generic position of Ustilago maydis, Ustilago
scitaminea and Ustilago esculenta (Ustilaginales).
Mycol. Progress 1: 71-80.

[7] Martin J., Abbot V. et Hughes G., 1961. Sugarcane
diseases of the world, Volume. 1, Elsevier Pugl. Pub.
Company, Amsterdam, 542 p.

[8] Yoseph A., Van D. et Colong D. 2008. Farmers’
perceptions of sugarcane stem borers and farm
management practices in the Amhara region of
Ethiopia. Inter. Journ. Of Pest Manag. 54 (3) : 219-226.

[9] Schenck S., Pearl H., Liu Z., Moore P. and Ming R.,
2005. Genetic variation of Ustilago scitaminea
pathotypes in Hawaii evaluated by host range and AFLP
markers.  (Abstract). Sugar Cane International,
Agricultural Research Service. USDA, USA U.
scitaminea). Canadian Journal of Botany, 62: 2043-
2046.

[10] Braithwaite K.S., B. Croft and S. Brumbley, 2004.
Genetic diversity within collections of the sugarcane
orange rust fungus. In: Hogarth, D.M. (ed.) Proceedings
of 2004 Conference of the Australian Society of Sugar
Cane Technologists, held at Brisbane, Queensland,
Australia,Editorial ~ Services Pty Ltd, Brisbane,
Australia, 26: pp82.

[11]Lambat A.K., V. Chenulu and B.L. Chona. 1968.
Morphological variation in the sugarcane smut Ustilago
scitaminea Syd. LA.R.I., New Delhi, India.36 :102-109

[12] Gillaspie Jr., AG., RG Mock and J.L. Dean. 1983.
Differentiation of Ustilago scitaminea Instruments
Corporation, New  Windsor, Britain.isolates in
greenhouse tests. Plant Disease. 67:373-375.

[13]Kouamé D.K., Péné B.C. et Zouzou M. (2012).
Sélection variétale de la canne & sucre en C6te d’Ivoire :
Synthése des résultats et proposition d’un nouveau
schéma de sélection. Journal of Scientific Research. 84
(2): 194-209

[14] Yohannes Zekarias, Mashilla Dejene, Girma Tegegn
and Firehun Yirefu, 2013. Proc. Study on Cultural and
Pathogenic Variability of Ustilago scitaminea Isolates
in the Sugarcane Plantations of Ethiopia Ethiop. Sugar.
Ind. Bienn. Conf., 2: 111-120

[15]Jean L. et Maisonneuve B., 2010. Production de
souches monospores d’un  oomycéte, parasite
obligatoire, Bremia lactucae Regel. Cah. Techn. Inra, 69
. 29-34

[16] Mahin B.l and S.A. Moosawi-Jorf 2007. Isolation and
identification of yeast-like and mycelial colonies of
Ustilago scitaminea using specific primers. Asian
Journal of Plant Sciences, 6 (7): 1137-1142.

Volume 9 Issue 3, March 2020

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR20307072052

DOI: 10.21275/SR20307072052

1380



International Journal of Science and Research (IJSR)
ISSN: 2319-7064
ResearchGate Impact Factor (2018): 0.28 | SJIF (2019): 7.583

[17]Munsell soil color charts 1994. Munsell color.
Macbeth  Division of Kollmorgen Instruments
Corporation, New Windsor, Britain.18p

[18] Rosalyn T. Luzaran et Dela cueva F.M., 2006.
molecular and morphological characterization and
microscopic variation of sugarcane smut (Ustilago
scitamineum) in philippines, sugar research institute a
technical paper presented at asian conference in plant
pathology(acpp) held in darwin, australia on april , 12p

[19] Abera Tafesse, 1991. Characterization of Ustilago
scitaminea Syd. isolates and evaluation of sugarcane
(Saccharum officinarum L.) varieties for resistance to
smut. MSc. Thesis. Alemaya University.pp235

[20] Ricaud C., B. Egan AG. Gillaspie and C.G. Hughes.,
1989. Diseases of sugarcane, Major diseases. Elsevier,
Amesterdam, pp: 339

[21]Pérez L and F Mauri 1983. Ustilago scitaminea,
Sydow in Cuba: Biology, physiology and varietal
reaction. Proceeding of International Society of
Sugarcane Technology, 18(2):778-795.

[22] Lee-Lovick GL. 1978. Smut of Sugarcane-Ustilago
scitaminea. Rev.Plant Pathol. 57:181-188.

[23] Mansoor S, Khan MA, Khan N. A. 2016. Screening of
Sugarcane Varieties/Lines against Whip Smut Disease
in Relation to Epidemiological Factors. J Plant Pathol
Microbiol 7: 366p.

[24] Lnthokoane and Rsrutherford. 2001. DNA-AFLP
differential display of sugarcane (Saccharum spp.
Hybrids) genes induced by challenge with the fungal
pathogen Ustilago scitaminea (Sugarcane smut).
Proceeding of South African Sugar Technologists
Association, 75: 104-107

[25] Raboin L.M., A Selvi K.M., Oliveira F. Paul et C
Calatayud M.F. Zapater P. Brottier R Luzaran O.
Garsmeur J. Carlier and A. D’hont., 2006. Evidence
for the dispersal of a unique lineage from Asia to
America and Africa in the sugarcane fungal pathogen
Ustilago scitaminea. Elsevier Inc.pp:243

Volume 9 Issue 3, March 2020

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR20307072052 DOI: 10.21275/SR20307072052 1381





