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ABSTRACT

Twenty isolates of the pearl millet smut pathogen,
Tolyposporium penicillariae, were collected from pearl millet
growing ecological savanna zones of Nigeria and studied for
morphological, cultural and pathogenic variations. All the
isolates were used for morphological and cultural studies while

10 isolates were selected for pathogenicity tests.

The dimensions of the sporeballs of T. penicillarlae of the

different isolates varied. The mean lengths and widths of 100
sporeballs from Jaji were the greatest (118.90 x 93.65 urn) while
those of the isolate from Bakura were the smallest (87.20 x 70.00
um). The sporeballs were dark brown and their shapes varied from
circular to near polyhedral. The mean number of teliospores
aggregated in a sporeball ranged from 549 for Jaji isolate to 758
for Bakura isolate. Teliospores were oval or spherical and
yellowish brown. The mean lengths end widths of 100 teliospores
varied from 8.36 x 7.46 um for Kano isolate to 10.9? x 9,57 um for
Jajli isolate. Germination of aggregated teliospores
(sporeballs) in water occurred at 6 to 12 hours of incubation
at 30°C.. The mode of germination was similar in all the isolates
and the following patterns were observed within the isolates:
sporidia borne laterally or/and terminally on promycelium;
sporidia produced in clusters on promycelium and sporidia
produced in branched chains directly by the teliospores without

the
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formation of promycelium, Sporidia were spindle shaped and
hyaline and the mean lengths of 50 sporidia varied from
11.147 um to 19.15 um for Jalingo end Gombe isolates
respectively. Mean incidence (percentage) of germination
of aggregated teliospores (sporeballs) varied from 25.67 per

cent for Karfi isolate to 64.33 per cent for Maigana isolate.

Some variations were observed in cultural
characters of the pathogen grown on five different media.
At 30 C maximum growth of T. penicillariae occurred on
potato dextrose agar while minimum growth was observed on
potato agar. Growth of the fungus remained sporidial and

yeas—-like even after several subculturing.

In the pathogenicity tests carried out with sporidial
0

inoculum (2 x 10 ) sporidial/ml) from1l -1 0 day-old cultures
and five pearl millet varieties, four pathogenic groups were
identified, namely highly virulent, virulent, moderately
virulent and weakly virulent. In general, no definite
correlation could be established between the pathogenicity
of the different isolates and their morphological or

cultural characteristics.
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1,  INTRODUCTION

Millets include a number of cereals of the grass
family, Gramineae (Rachie, 1975). The principsl millets

congist of six genera, reumely; Panicum, Paspalum, Pennisetum,

Echinocloa, Seteria and Zleusine (Leonsrd and Martin, 1963).
The princivel species of these geners are Panicum

milisceum L. (common millet), Paspalum scrobiculstum L.
(Ditch~millet), Pennisetum americanum (L.) Leeke (Pearl or
Bulrush millet), Tchinocloa frumentacea (Roxb) Link.
{Barnyard mi]let),\ﬁg@gq}g_g§§i;g§ Reauv (Faxtail or

Italican millet) and Eleusine coracana (Gaerth (Finger

millet) (Rachie, 1975). ¥

Among all thesé millets pearl millet (E. americanum

(L.) Leeke) is the most important and widely cultivated

species, It is an impertant common food grain and forage
crop in the tropics (especially in the semi-arid tropical
regions) and certain parts of the werm temperate regions

of the world (Rachie, 1$75: Vogel snd Graham, 1978).

The most important pearl millet producine countries
are China, India, Wigeria, Chad; Mali zand Tanzanils
(Rachie, 1975), An average annuasl world production of
rearl millet for the period, 1967 - 1071, hes been
estimeted as 36 million tonnes (F.A.0,, 1972). The

average yields of traditional cultivars 2re estimated to



be 650 kg/ha in Africa and L68 kg/he in India (Anonymous,
1976). In Nigeria about 5 million hectares are cultivated
annually to millet in the Savanna Zones and an average

yield of 56%kpg/he has been estimated (Thskare, 1980).

Pearl millet is seccad to sorghum in importance in the
savanne zones of Nigeria but more important than sorghum in
the Sahel Zone. It can adapt well to conditions of lighter
soil and has low water requirement for srowth and hence its
predominance in the drier Sahel zone (Rachie, 1975; Kassam
and Kowal, 1976). It is grown mostly in mixtures with
sorghum and legume crops such as groundnuts and cowpea,
except in the Sahel Zone where it is grown as a sole crop

(Kassam and Kowal, 1976).

Three types of pearl millet are grown in Nigeria,
namely gero, maiwa and dauro pearl millets. GCero millets
are the most popular and widely grown types due to their
early maturine ability (Mwasike and Thakare, 1982). They
are non-photoperiod sensitive, short seasoned types, sown
early in Mey with veginning of the rainv season and mature
between 80 to 97 days. Their cultivation stretches from
Seuthern Cuinea Savanna to Sahel Savanna areas, Gero
millets account for over 80 per cent of all the millets

grown in Nigeria (Ogunlela and Fgharevba, 1981),

Maiwa millets account for a much smaller acreace,

about 3 per cent of the total millet acreage (Ogunlela
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and Egharevba, 1981), Their cultivation is mostly in the
wetter areas between Southern Guinea Savanna eénd Sudan
Savanna, Maiwa millet is a photoperiod sensitive, long
seasoned type, and matures between 125 to 150 days. It 1s
sown the same Liue as sorghum after che rains have

established.

Dauroe millet is grown in certain areas of Southern
Guinea Savenne esvecially Southern Zaria area and part of
Jos Pletesu., It is a photoperiod sensitive type and matures

between 100 2nd 150 days,

In Nigeria, pearl millet suffers from many diseases,
In their decreasing order of importance, the most important

diseases of pearl millet are downy mildew (Scherospora

graminicola (Sacch) Schroet), smut (Tolyposporium

penicillariase Bref. and ergot {(Claviceps fusiformis
Loveless (King, 19703 Selvaraj, 1978). o

The prevalence and severity of these diseasés vary in
different pearl millet growing areas. Downy mildew is
prevelent in =1l the matiet growing zones while ergot is
confined mainly to high rainfall aress, Smut, although
common in fArier areas, is found wherever millet is grown

{Selvaraj, *1a78),



Other diseases of pearl millet include foliage

diseases such as blast (Pyricularia penniseti)s rust

(Puccinia penniseti)s Dactuliophors leaf spot (Dactulio-

phora elongst2)s bacterial leaf blotch (Pseudomonas &n. s

?

grain moulds (fusarium Spp.; Phoma sp., etc) (King, 19703
Selverais 197RY. Foliage diseases and grain moulds are
more common in areas heving an annual reinfall of about
600 mm or more (King, 19703 Selvaraj, 1978+ Sundaram, 19813

Tyagi, 1983).

Among the diseases of pearl millet in Nigeria,
attention seems to be geared mostly To the study of
downy mildew, which is regarded as the most important
disease of pearl millet, Smut has received comparatively
less attention. Although, there is a dearth of published
information on pearl millet smut in Nigeria, considerable
work on smut resistance has been carried out and good

-

sources of resistance have been identified (I.A.R., 1082,

The varieties of pearl millet grown in Nigeria show
differential vezction to smut., Also, differences 1in
reaction to smut have been ohserved on the same
varieties er~wn at different locations (Tyagi. personal
communicstion). Variebility in the smut fungus might
be one of the factors contributing to differences in

susceptitility or resistance of these varieties planted
at different locations.



Allerd (4960) remarked, "knowledge of two closely
interrelated phenomena, variations in the pathorenic
capabilities of parasitic organisms =nd differences within
host speciers in resistance to infectious disease, are
basic to the intelligent plenning of breeding programmes

designed to develop disease resistent varieties".

For effective resistaznce breeding programme; it would
be necesgsary to deteruinz whether the differences in
varietal response are duz to pathogenic or environmental
variation between the locations. Consequently, the
present work was initiated with the following objectives:

1) To study the morphological and cultural variation

of isolates of T, penicillariae from various locations

where pearl millet is grown in Nigeria.

2) To test isclates of T. penicillariae from

different savanna zones of Nigeria on a range of host

varieties under the same environmental conditions.

Tt is hove. that this study would provide some
informetion on variability (if any) in the pathogen
which mieht re useful in pearl millet smut resistance

breeding progra me in MNigeris.



2. LITPRATURE REVIEW

2.1 General

2.1,71 Historical

Smut of pearl millet is induced by Tolyposporium

penicillariae Bref, The genus Tolyposporium was first

described by Woronin in 1882(Fischer and Folton, 1957).

The species, T. penicillerire, was described by Bref&ld

in 1895 on Penicillaric spicata ¥illd (Pennisetum

typhoides 8tapf and Hubb) Mundkur, 1940} which is now

known as Pennisetum americanum (L.) Leeke.

2,1.2 Geographical digtribution

The smut of pééfl millet is prevalent in the ¢=2mi-
2rid tropicel regions of the world (Rochie and
Majmuder, 1980) but it hns also heen reported from
the United States of America (Wells et sl., 1963). It
is a common disease in various countries of Africa such
as Senegel,, Hukina Faso, Mali, Nigper, Wireris, Sudan,
and Tanzsuis, (Anonymous, 1978), In MNigeria, smut is
found in 811 the savanns zounes where pesrl millet is

grown (King, 1970; Selvaraj, 1977).



2.1.3 Economic importance

Initially the smut disecse of pearl millet was not
considered economically important but the ftrue magnitude
of the losses has now been appreciated, at least in
Africa and Asis (Remekrislnan,1963) and in North America

(Wells et al., 1963).

In Senegal, some vorieties of pearl millet went out
of cultivation due to high donage caused by smut
(Chevalier, 1931), Great vield losses of pearl millet
crop due to smut have been renorted in India by
Ramakrishnan (1963), though o figures were provided,
Also in northern India, smut hes been observed and
reported as 2 serious constraint in commercial plantings
(Thakur et al., 19832). In I'igeria, an annual yield loss
of pearl millet by smut disecse has been estimated at

about 1 to 3 per cent {Selvaraj, 1978).

2.1.b Symptoms

T. peniciliari=me 18 a floral inrfecting fungus which

infects the florets and trapslorms them into large plump

glumes (Bhatt, 19463 Wells et al,, 1963)., The young sori
from the infected grains are larger and greener than the

non-infected grains, The sori are about 3mm broad which



is about twice the size of normel grein (1 to 2mm), As
the sori mature, they become dark brown and their outer
membranes are tough 2nd mede up of the host tissue,

The disease incidence in a pearl millet spike may
vary between 1 ~ 2 sori per spike and up to 90 per cent
infection in 2 spike composed of several hundreds of
ovaries (Ramakrishnan, 1971), The infected grains occur
individually or in groups and they are very often confined
to one side of the ear or towards the base of the ear

(Wells et al,, 1963; Ramskrishnan, 1971).

2,2 Description of the Pathogen

The sori of T, peniciltlarvisme are dark or chocolate~

brown, bluntly rounded or conicsl =t the apex 2ond are
covered by a thouzh membrane composed of the host tissue
(Mundkur, 1940; Dhatt, 1946; Wells et 3l., 1963). The
smut sori consist of mnsses of commect sporebclls of
unequal size, ronging from L0 to 150 um in diameter
(Mundkur, 1940; ‘lells et 2l,, 1963}, Subba Rao and

Thakur (1983} reported thet sporeballs of T, penicillariae

varied in size from L2 x 325 = 50 *x 175 um,
The spore balls eontain severzl teliospores which

are tightly pressed together 2nd do not severate readily.



Teliospores are oval, ellipsoidal or spherical; light
brown to antimony yellow ochre with a thin spore walls
6,5 to 12.3 um in diameter with a mean of 9 to 9,3 um
and the contents granular (Mundkur, 19403 Wells et al.,
19633 Singh, 19/8), Subba Rao and Thakur (1883)
reported that the teliospores are mostly circular and
measure 7 to 12 um in diameter and that the numbers

ageregated in spore palls vary from 200 to 1,L00.

The teliospores gerninate while still held in
sporeballs to produce septate promycelia, maximum
germination occurring at 30°C (Subba Rao and Thakur,
1983), Spindle-shaped sporidia which vary in length from
8 to 25 um are borne on the promycelia, laterally and/or

terminally and these reproduce by budding in chains.

2,3 Method of Infection

Bhatt's extensive study on the mode of infection by

T. penicillarise revezled that its infectlon is not

systemic. Tt w°s ~rhaarved to ocour through stiegmas, in
young florets before anthesis; infection decrezges at or

after anthesis (Bhatt, 19116,

Primary smut infection occurs through air-horne
sporidia produced from serminating teliospores in the
s0il from the previous infTected crop (Bhatt, 104L6).

I
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When these sporidia £all on young emerging florets of the
crop they cause infectioni Studiles by Ajrekar and

Likhite (1933) and Bhatt (1946) showed that no other part
of the host vlant isg susceptible to smt infection except
ithe florets. lhuas. LO other part of the host plant other

than the srein develops the sori or show symptoms.

Vesudeva and Inyengar (1950) reported that secondary
infection occurs mostly by the sporidia from the earlier
infected ears which can be blown by wind to the florets
of newly emerging ears. Thus, secondary infection is

within a crop and is 1imited to only the nodal tillers.

Microscopic studies by Ajrekar and Likhite (1933)
and Bhatt (1946) of the infected grains at various
stages of the develnapment have shown that the fungus
~ccuples the space between the pericarp and the
aleurone layer, It forms its sporeballs after gradually

exhausting the starchy endosperm,

The mycelium is pinucleate, inter and intré§cé11ﬁ1ar,
exhibiting siianc pronching with two to four lobhed
haustoris, The downwarc advance is continued through
the wall of the ovary to the thalemus, In this region
it ramifies copiously, advancing towards the funicular end
and finallv invades the ovule. Before the whole tissue

is invaded, the walls of the hyphae begin to gelatinize
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+o form the sporeballs. The entire process-from the

tima of infection to the formation of the sporeballs or
the appearsnce of the disease symptoms has been observed
to take akrout two weeks, but this period may vary slightly
according to the atage @t which infection takes place

(Bhatt, 1946).

ol Factors Affecting Disease Development

The extent of germination of the teliospores in the
50il and the severity of smut infection generally depend

on Teather conditions during flowering in pearl millet.

patel and Dessai (1959) have reported that high
humidity up to 90 per cent is essential to secure high
infection by artificial incculation. In Nigeria,
Selvara] (1978), reported an increase in smut infection of
paarl miliet in 197L, which wes attributed to Favourable
weather conditions especially cloudiness and high
atmospheric humidity which prevailed that year. High
infection is usually obtained by covering the ears with
white perchment or polythene bags after inoculation

(Patel end Dessai, 1959; Thakur et 2l., 1983a).



2.5 Artificial Culture

Ajrekar and Likhite (1933) reported that T,
penicillariae can be easily cultured on corn meal,
bajra meal 2nd jowar meal agar as well »s on bolled
potato and carrot, The growth on all these media was
mostly sporidisl and very 1itt1e-mycelia1 growth was
geen, It hes also been observed by Subha Reo and Thakur
(1983) thet the pathogen srows well within three to five
days on potato or carrot agar at 359C and that its growth

remains sporidi=l even after repeated subculturing.

2.6 Physiological, Morphological and
Cultural Variation

Entities within morphologic species differ from each
other in one or more physiologic charscters a2nd this may
result in physiologic specializetion (Christensen -nd
Rodenhiser, 1940; Holton, 1953; Tarr, 1978). The main

criterion for physiologic speciclization in pathogenic

fungi is variation in pathogenicity,

In cereal smuts, pothogenic specinlization is common

in many species 2and was first found in Ustilago hordei in

Hordeum sativum (Faris, 1924, 1924b). It hes also been

found in Tilletis= spp., in wheot (Faris, 1924a) and in

the oot smuts (Reed, 192} and U, maydis in corn
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(Stakmen =nd Chriétesen, 1926); However, pathogenic
specialization has been most extensively and intensively
studied in Tilletis spp. which induce bunt or stinking
smut of wheat =nd Ustilags spp. in ceteals (especiailly U.

maydis in maize) (Pischer and Holton, 1957).

Large variability is known to exist in some fungil
causing diseases 1in penrl millet which include smut and
ergot (Subba Rao and Thekur, 1983; Chahal et al., 1985),
Many species of smut fungi are known to vary in their
spore wall ornamentation snd spore germination which has
contributed greatly to the dynsmic taxonomic history of

smut fungi (Holton gt al., 1968),

Subba Rao and Thakur (1983) observed large variabi-
1lity in cultural characteristics of multisporidial isolate
of T. penicillarizse grown an different medi=, This
variation in cultural characteristics of the smut in this
cageycould he due to differences in the different media
since only one isolate was used by these workers. Three
different patterns of teliospore germinsztion and for-
mation of chlamydospores in the stored culture indiczte

the kind of veriability thet exists in T, penicillarise

(Subbz Rao ard Thakur, 1983),

In view of this, it is probably likely that

physiologic specializetion exists in T. penicillariae,
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However, this agpect needs to be carefully studied so 28

. to underéﬁand the variability in this funpgus.

2.7 Control

The control of smut of pearl millet has been
attempted with the use of fungicides (vells et al., 106733
King, 19703 Bhownik ond Sundaram, 19?§ﬁzphathak and Gaury
1975 Selvara], 1978), liost plent resistance have also
been used in centrol of pveerl millet smut (Egharevba, 1978
I.A.R., 1983; Tyagl, 19833 TCRISAT, 1983). Frohlick and
Rodewald (1970) have 2also attempted to control the disease

through the use of cultural practices.

Most of the workers advocated the use of resistant
varieties as the only satisfactory snd economically
feasible method to control smut, Tests conducted in
Nigeria over 2 vears showed th=t lines KARS L6, KARS L7,
KARS, 69, KARS 75 and KARS 76 have good resistance to
smut (I.A.R,. 4093}, In a mulsllccstional testing by
ICRISAT in 19@2. lines 1CMES 101~1, 90L-3, 1600~ and

5001~2 were found to be highly resistant (ICRISAT, 1983).

" Some workers have attempted to control smut by
fungicidal sprays. Tn o test in India, Zhowmik and

t Plantvax znd ?itavax at

Sundaram (1971) reported tha
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2g/litre were very effective in reducing the number of
sori in srtificislly inoculeted ears of pearl millet.
In Nigeria, ¥ing (1970) h2s reported the efficacy of
Plantvax, Benlate, Vitavax, Ziram, Captan and

Thiabendazole in controlling peari millet smut.
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3, MATERIALS AND METHODS

2.9 Collection of Smut Samples

Twenty ssmples of pearl millet smut were used in
this study. The smutted heads were collected from
| different ecological savanna zones of Mimeria between July
and September, 198L. At the time of collection, the
smut sori were in variocus stsges of meturity depending
on millet variety and the dates of planting the crop.
A1l the samples were collected from gero type of pearil
millet except for Jalingo sample which was maiw2 type.
Dates and places of collection of the samples are given

in Table *.

Fach sample was made up of a number of smutted heads.
The samples were kept separately in labelled paper
envelope in the laboratory during the veriod of this

study.

3 2 TIsolation of the Pathogen

The sori from the infected ears were first surface
sterilized by soaking them for 12 - 72 hours in one per
cent solution of cuprous sulphzte to free them from
surface contaminants (Fischer znd Holton, 1957).
Thereafter, they were teazsed in a Petri dish with the

help of a sterilized needle to release the sporeballs,
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Table 1. Sources of isolestes of Tolyposporium
penicillarize used in the study

Isolaté.no; i Date Qf Collection Place of Collection
1, 28/7/8L Meiduguri(Borno State)
2, g/7/8L Dambuo (Borno State)
3. 10/11/8h. rakura (Sokoto State)
. 27/11/84 Gummi (Sokoto State)
. 23/7/84 Kano {Kano State)
. 28/8/8L Kadawa (Kano State)
7. 20/7/84 Samaru {Kaduna State)
8. 7/7/8h Zaria (Kaduna State)
9. 2/8/8L Jaji (Kaduna State)
10. 7/8/8l Yakasi (Kaduna State)
11, 77878l Soba (Kaduna State)
12, 20/11/8L. Mokwa (Niger State)
13, 2/11/84 Gombe (Bauchi State)
1., 11/8/84 Kari (Bauchi State)
15. 10/9/8L Jalingo (Gongola State)
16. 28/7/8L Bomo (Kaduna State)
IR T 28/8/8L Kura (Kano State)
48, 2/8/8l Dumbi (g«gun~ State)
19. 28/9/8k Maigana (Ksoduna State)
20, Karfi (Kano State)

28/8/8l
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The sporeballs were then sqguashed to rel 2se the
teliospores which were subsequently surface stefiliized by
soaking in one per cent cuprous sulphate iolution for

12 - 72 hours (Fischer and Holton, 1957).

With the g2id of a compound microscope, single
teliospores were picked up free hond ~nd platad on
potato dextrose agar in 9cm dicmeter Petri d shes. The
plotes were incubated -t 3OOC, For ench of t.e 20
samples, & single teliospore culture w2s miintained on

pototo dextrose ~g~r slants in MooCartney bottles,

3.3 Study of Morphological Varintion

' The morphologiczl characteristics of the different

isolates were studied microscopically.
3.3.1 Sporeballs

| Mensurements of length ond width of the sporebnlls
in smut sori were t-oken, 7The sporebnlls were mounted in
a drop of disciiicd witer on 2 microscope siide: their
sizes were mensured with the ald of an ocular micrometer
under low power of 2 compound microscope (x10 objective
lens), .The mensurements of 100 sporebrils were taken and

the mean c¢~lculated for ench sample.
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The shape of the sporeballs of each sample was noted.
With the aid of a t21ly counter; the number of teliospores
in 100 sporeballs of each sample was counted under the

low power of s compound microscope (x10 objective lens).

3.2.2 Teliospores

The teliospores were mounted in a drop of distilled
water on a microscope slide and the messurements taken
with the aid of an acular micrometer under high power of a
compound microscope (x40 objective lens). One hundred
teliéspore& were measured and the mean taken for each

sample, The shape of the teliospores was also recorded,

3.3.3 Germination of nggregated
teliospores (sporeballs)

Observations were made on the method of germination,
time required for germination and the incidence (percent-
age) of germinatvion or agrregated teliospores (sporeballs),

of the different samples,

Glanss slides containing drops of water, ench with
100 sporebnlls were maintained in moist chombers in =2n
incubator at 30°C. The aggregated teliospores were

microscopiczlly examined for germination at hourly
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intervals for 15 hours and germiﬁatinn percentage
recorded, Camera lucida prawings of stages of the

teliogpores germinztion were made. .

3. Study of Cultural Varistion

To study cultural chorecteristics, the 20 iscolztes
were grown on different media in 9cm diameter Petri
dishes,

The fn110§1na five medis weré used:

1) Poteto dextrose mgar (PDA): Peeled potato, 200g§
dextrose. 20g:; ager powder, 15g3 distilled woter,
1000m1 (Tuite, 1969).
. 411) Potato agar (PA): Peeled potato, 200g; agaf
powder, 15g: distilled water, 1000ml {(Tuite, 1969),
iii) Carrot agar (CA): Peeled carrot, 200g; agar ~
powder, 15g; distilled water, 1000m1 (Tuite, 1969),.

iv) Czapek-Dox agar (CDA): Magnesium glycerophosphate,
0,5g; sodium nitrate, 2,0g; potzsium chloride, 0.5g3
ferrous sulphate, 0,01g; potessium sulphate, 0,35;
sucrose, 30g: azor powder, 1573 distilled water
1000m1 (Tuite, 1969},

v) Sartoris '3est! synthetic =22ar (SRSAY: Calcium

nitrate O,Lg; potossium nitrate, 0,223 magnesium

sulphrte, 0,0%1g; potassium dihvdroszen phosvh=te,

0.2g; mo1t extract, 3.0g; distilled water, 1000ml
(Fischer ~nd Holton, 1957).
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Ali the media were autoclaved at 15 p.s.i, for 15
minutes., Thereafter, each medium was poured into steril
Petri dishes and allowed to set in » microwsave inoculating
chamber,

Each Petuyl dish was inoculated centrally with 8Smm
. sporidiz) disk of the pathogen growing on potato dexirose
agar, Eszch treatment had three replibetions. The Petri

dishes were incubated =2t BOOC for 10 davs,

The tyre of erowth, topogra2phy, margin, and colour
ﬁf colony were visually observed and recorded at 10 days
of incubation,- The radial growth of the colony was
measured daily for 10 doys. The lengths of 50 sporidia
on potato dextrose agar culture »f each isclate were

measured at 10 days of incubstion and the mean calculated,

3.5 Study of Pathogenic Variation

Five following varieties of pesarl millet were used
in the pathogenicity tests for two consecutive years:
MDN 131, MDN 137, MDM 1L3, MDN 4L5 and SE&. These
varieties 2re 21l gero type of pearl millet and are known
to shbw differences in recction to smut under field
conditions. renging from highly resistent to hichly

susceptihle (Tvagi, personsl communicetion).
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Ten isolates of T, penicillerise were used in the

study; they were selected to represent the different

ecological zones of millet production in Nigeria,

3.5.7 Raising of test Plants
Plente of each variety were r2ised in the gl=sshouse
in cley pots (Plem diameter =2nd 22cm deep) containing
sandy loem soil, Three plants were rzised per pot and
there were three pots per vzriety, each pot serving as a

replicate,

3.5,2 Preparation of inoculum

For each isolate, sporidiesl suspensions were prepared
in sterile distilled water from 1 ~ 10 day old cultures

ef T, pencillariae grown on potato dextrose agar. The

sporidial suspensinons were adjusted to approximctely

2 R 108 sporidia/ml.

3.5.3 Inoculstion of test vlants

Plants were inocul~nted using the method described by
Thakur et a1, (1983b), Five ml of an aquesus® sooridial
suspension (2 x 108 sporidiz1l/ml) wes injected into the
space between the flng leaf sheath ard the inflorescence

at boot-leaf stgze, The plants were immedi=tely covered
after inocul=tion with labelled white parchment bags.
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Five heads were inoculated in ezch pot. Thus, a
total of 15 heads (for three replicates) of each
variety were inoculated with each isolate of the pathogen.
Controls consisted of uninoculated pl@ants covered with

labelled white pacchiment bags n¢ boot-le=f stage.

While still covered, the inoculzated heads &s well
as the contreals, were sprayed with water, two to three
times everyday with CP-3 knapszack sproyer to maintain
2 high relz2tive humidity,., To avoid cress infection, the
plants inoculated with respective isolates and the
controls were kept seporate from each other in different

glasshouses.

3.5.4 Diseage assessment

Twenty days after inoculstion, the white parchment
bags were remeved 2nd the smut serverity assessed by

visuzl observation.

The heads were scored for percentage smut infection
using the standard smut rating kev, puhiished by
Internationsl Crops Reserrch Institute for the Semi-~Arid
Tropics (ICRISAT) in 1982 (fppendix 8).

- To indicnte the degree of resistzace or susceptib-
ility of the five peorl millet varieties, the mean smut

severities (percentage infection) were grouped 2s follows:
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Smut incidence (%) Reaction -tvpe

Up to 5 Resistant (R)

5.4 = 10 Moderately resistant (MR)
10,1 -« 20 Moderstely susceptible (MS)

-~ 20 Susceptible §)
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4. RESULTS

l;.1 Morphological Variation in

Tsolates of Tolyposporium -~ - % ii”-r

penicillerime

S

— s

Variations in morphologicel characteristics, such as
size, shape, colour, etc of sporebzlls, teliospores and
sporidi~ were studied for 211 the 20 isol2tes. The

results sre nresented bhelow,

L.1.1 Sporebells

There were significant differences in the dimensions
a2f sporebeslls of the different isolates (Appendices 1a and
1b). The mensn lengths ond widths ranged from 87.20 x
70,00 um for isolate 9 to 118,30 x 93.65 um for isolate 3
(Table 2).

There was no difference in shape and colour of
sporeb21lls of the different isolates. For all the
isolates the sporeballs were circular to near polyhedral.
and dark brown,

The mean number of teliospores per sporeball ranged

from B9 for isolate 9 to 758 for isolste 3 (Table 3).
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Table 2. Dimensions of Sporeballs of 20 Isolates of
IEE!EEE!!EEEE genicillariae
Isolate Length (pm) Widih (um)
Ho. —_—ﬁean Range Hea;”- Range
1 g7.,5°0°T8M L0490 Tk gofebidkl 40430
2 o, 753eTER 0475  83.10%0%%€ 40.160
3 118.90" 40,290 93,65 30-150
i 92,603 FERE 30490 .70 30140
5 101.55°°%¢ 50450 80,4075 30-130
6 \o1.30008T8R 30490 77.00° Fhidk 30-1140
7 99.1 5bcdef‘gl'l:'l. 60-170 87.05&‘]0(1 50-150
8 100, 8503518 o190  80,550°7E 40150
9 87,207 304470 70-00" 30-120
10 g7.2530Fend L0580 79.907¢TEMIIE  40-180
1 101.50%°° 50490  83.209°" 30-150
12 101.502°° 50-250 g1 osodefEhl 30-150
13 93,850 TEM 40490  76.40°TERHEL  30-140
14 954,536 7Ent 35190 Th.8°TEREL 30425
15 o1.05lef8nd Lo-208"  72.20M9 30140
16 140.15-° 50170  93.45% 4,5-150
17 101,55°°%° L0480  83.45°% LO-140
18 111..30%° L0-210  89:70°°° 40-150
19 %. E)L_:Iclefghi 1,0-170 % '656 fghijkl 35130
20 95.5069fghi 30-170 ?G,aOEfghljkl 30140

Using Duncan's hultiple range test, means with the same superscript are
not significantly different (P = 0.05).
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Table 3. MYean numher of teliospores p&r sporeball of
20 jsolates of Tolyposporiuu penicillariae

Isnrlate no, Number «f teliospores per Sporeball

Mean Hange
1 73k 203 - 1,532
2 66l 517 - 1,052
3 758 25k - 1,214
L 69L, 28 -~ 9N
2 751 AT = 1,2N
6 729 29% - 1,695
7 75k 712 ~ 1,666
8 698 336 - 1,562
9 54,9 301 - 1,056
10 708 296 - 1,005
11 694 v - 983
12 620 325 - 967
13 743 282 -~ 1,123
14 66L 266 - 976
15 582 %7 - 998
16 495 L3S - 1,102
A7 693 MB - 1,223
18 678 215 - 972
19 595 2,0 - 1,018
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However, differences in the number of teliospores per
sporeball of the different isolotes were not significent

{Appendix 2).

Lh.1.2 Teliospores

The dimensions of the teliospores were significantly
different between the isolates (Appendices 3a and 3b).
The mean length nnd width of teliospores of isolate 9
were the greatest (10.92 x 9.58 Pm) while those of
isolate 5 were the smallest (8.36 x 7.46 Fm) (Table L).

The teliospores were oval, sphericnl or ellipsoidal

and yellowish brown (vinaceous buff).

The time required for the germinrtion of ~2ggregnted
teliospores (sporeballs) ranged from 6 hours to 412 hours
for the different isolates (Table 5), A sporebnll was
considered to have germinnted when at lenst one promycolivm

or a sporidium had emerged (Fig. %a), Camera lucida

drawings of sporehsalls of T. penicillarise showing
different stnges of germination of the sporebnlls at

different times ~re presented in Figs. 1 ~ 3,

In genernl, there wos no germination up to © hours of
incubation (Table 5)., Sporidial fermation usunlly occurred
1 to 2 hours after germination ¢f the teliospores in all

the isolntes,
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Table L, Dimensions of teliospores of 20 isolates of
Tolyposporiwun pgnicillariae
Iselate Length (pm) . . ?idth (pm)
Ro. liean Range T ean Range
1 g,360098T8h 5 00043 75 7.59°080LIKE 5 0040.00
2 8,76 RAIKIINe 5 56 52 50 7.640+3KL 5.00+%0,00
3 9.08°RIEEEEY  8,75-12.50 8.4 2Pcdetah 5.0Q4%0, 00
4 9.36"°def8 €.25-15715 8,24°°%¢ 6.25-12.50
5 8,36" 5,004 2,50 740" 5, 00~10, 00
6 8.9 SEEBRKY 5 001,50 7,u3% 61kl 5.00410,00
7 v 50°0de 7.50-12.50 g op0defehid g o 50
8 9.35°088 %60 5 564250 8,53 5. 0012, 50
9 10,98 7.5045.00 9577 8.75-12.50
10 9.19°RA8TBBIIKL ¢ 254250 7.97°04efehijkl 5 8090, 00
11 9.21°0aeTEMIE 5 56 45 50 g,ozPcdefehlik 5 0640, 00
12 0.2P0800G M 1 50 15 50 oAl g oo 4y oc
13 9.69°° 17,50-12,50 8,52 5,08-40,00
T an? 7.50-42,50 8.,50°%4 5, 08~10. 00
15 9.60°%  5.00-45.00 3,21 000%F 5. 001250
16 9,200 TBRLIEL 5 g0 45 5 5.4570C3 7 5, 051250
17 8,922 BB 5 502 50 7.519%2 5: Og__m;oo
18 o4 Pedef '7’,.50_‘1 50 7.@Pfebikl  5,0012,50
19 9.2Obcdefghij 7;50412;50 ?,90efghijkl E.CmﬁJFO;OO
éd 9..32bcdefghij 7 504 -3-._-75 7»?8&‘:'}."'511131{1 5' O}J‘-—"l"}‘;fZ 5

Using Duncan's rultiple range test, means with tiiw same superscript are
not significantly dafferent (P = 0.D5). I
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Table 5, Time required for germinmatisn of sporeballs of 20

isolates of Tolypesporium penicillariage

Isclate no Time {hours}

.
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There were no differences in the modes of germination
of the sporeballs or agsregnted teliospores of the isolates,
However, there were three distinct modes of germinaticn
(resulting in sporidia production; of telioszpcrecs of each
isolate, Firstly, the teliospores germinnteld to form pro=-
mycelia from which sporidic arose laterally and/or
terminally. Secondly. the teliospores germinated to
produce promycelia from which spcriZia were produced
in clusters. Thirdly. teliosperes prosiuced sparidia
directly in branched chains without producing promycelia

(Figs. 1b, 2 and 3).

The germination percentages of agegreg=ted
teliospores (Table 6) were significantly different
between the isolates (Appendix l). The mean percentage
germination of the teliospores ranged from 25.67 per

cent for isolate 20 to 6l..33 per cent for ismolate 19.

L.1.3  Sporidia.

There were significant differsnces in -he mean
lengths of sporidia (Table 7) between the different
isolates (Appendix 5). Isolate 13 hnd the rroetest
mean length (19.15 um) while Zsolat> 13 had “»2
smallest (11.&7’Pm). For the isolat»s th: rooridia
were hyaline and single celled.,
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poridial chain

poridial chain

poreball

eliospore
ateral sporidium

Promycelium

FIG.-1 Camera lucida drawings of sporeballs of
Tolyposporium penicillariae showing :

(@) the carly stage of teliospore germination within the
first hour of the germination-

(b) sporidia production in branched chains without any
promycelium and sporidia borne laterally on the
promycelium between 1 and 2 hours after teliospore

germination.
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erminal
sporidium.

Sporidial ateral
chain sporidia
poridial
Spore ball chain

Teliospore

FIG- 2 Camera lucida drawings of sporeballs of
Tolyposporium penicillariae showing sporidia
production in branched chains without any
promycelium, between 3 and 12 hours after
teliospore germination.




erminal sporidium

:]—Sporidial cluster

romycelium

Lateral sporidium )

poreball
eliospore

poridial chain

|
50 pm

Camera lucida drawing of sporeball of
Tolyposporium penicillariae showing sporidia
borne laterally and /or terminally and in clusters

on promycelium between 3 and 12 hours after
teliospore germination
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Tuble 6, Mean germinaticn psrcentage of aggregated teliospores Akwouuuw”_.u.mv of 20

isolates of Tolyposporium penieil
hours of incubation at 300C,

lariee between 6 and 15

e

Isolate Germination percentage between 6 and 15 hours
no, ~ —
6 7.8 9 10 11 12 13 W 45
1 0 0 0 0 4,67 17.67 32,00 47.67 49.67  50,00°08780L
2 L 16,67 3467 52,33 56,00 60,00 60,67 61.00 61,33  61,33%°
3 0 0 0 0 3.67 20,00 29,00 36.67 37.67 4o 33EPiJklenop
& Q 0 0 3 1267 24,33 11,00 42,33 43,33 43,330 sAiddlmno
> 0 ¢ 0 3,67 10,00 24,33 45.00 46,00 46,67  46,67°8RIk
6 0 0 0 0 7.33 9.67 17.33 25.35 39,33  Lu.67 60K
! 0 o 0 6 12,00 26,00 40,00 49,00 50,67  51,67°°%°fEn
° 0 0 . 0 0 0 6.00 22.67 4h.33  53.67°0%f
2 ; 0 0 6.67 1233 20,33 26,67 4k.00 50,67  51,000¢FER
19 0 0 0 0 0 7.00 12,67 25.67  35.33 44, 33°Tenidkien
" 3.67 8.00 25.67 38.00 52,00 52.67 53.00 55.33 57.67  58.673°%¢
12 0 0 3,00 5,67 15,00 %6.67 38.00 39.67 40,00  40,008hidklnnopg
13 6.67 1433 35.33 51,00 58,00 59,67 61.33 63.00 63,00  63.33%°
h 0 0 0 3.67 11.00  27.33 38.67 50,00 51,67  52,33°°4°%8
15 0 0 0 0 0 3,35 5.35 12,33 26,67 31.33¥FF
16 0 0 4,00  5.00 10,35 25,00 29.67 30,00 3000 wo.oou“nw
abecde
! o 0 - o 6.6 “““MW Ww“mm 033 33 weyeteniias
19 6,67 22.67 42,33 57.67 62,00 63,00 64,00 6400 6433  6L.35"
20 0 0 0 0 0 0 3.33  3.67 10,00  25.677°

LSD (0,05) = 10,20

* Using Duncan's Wultiple Renge test, means in the last column with the same superscript (P=0,05)

are not significantly different,
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Table 7. Me

an length of sporidia of 20 isol

. 3& -

penicillariae grown on potato dextr

ztes of Tolyposporium

ose agar

Isolate no.

Length of sporidia (um)

fm o —

— T

Mean

13, s7aefEntx

e ——————

14.050ﬁefgh13k

15.55bodefgh

15.55hcdefg

12.95defghljx

15.05

15.15bcdefghi

17.55%°
13.890defghijk
15.55&efghijk
1h.30cdefghijk
16‘15abcd

bedefghij

1945°

oot
W Ll e

1 ad®

15 Boahcde

1h.556defghijk

1 5'65abcdef

18,30%°

13-55defgh15k

- ———— p———

Using Duncan's lultiple Range test

means with ©

not significantly different (p = 0.09).

-

o Al

o ——

Range

7.50-25.00
7.50~27,50
7.59~25,00
7.50-27.50
7.50-25,00
7.50-25.00
7.50-27,50
7.50-27.50
8.75=27.950

7.50-25,00
7.50-25.00

7.50-23.50
7.50-25,00
7.50-27.50
7.50-"25.00
6,75-25.00
7.50-25,0C
7.50-27.50
6,75227.50

7.50-25,00

- W

ne s.me superscript are
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4.2 Cultural Variation in Isolatesof

Tolyposporium penicillari=e

The 20 isolates were grown on five culture media
namely potato dextrose agar (PDA), potato agar (PA),
carrot agar (CA), Czavek-Dor =azar 'CDA) and Sartoris
'Rest! synthetic ager (SESA). Th=z culiural
characteristics of these isclates on the different

media are nresented helow.

l4.2.1 Cultural characteristics on

potato dextrose agar,

The results are presented in Table 8. The n=an
diameters of the different isolates wvere significant
(P=0,05) from each other (Appendix 6a), Isolate 13
had the greatest radial growth (25,80nm) while isolate
20 had the smelles* (1l.35mwn’
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There wss variation in the topography of the
colonies of the different isolates, Thus, isolates
1, 3, 4, 5, 7 ~ 11, 13, 1k, and 16 ~ 19 had finely

ridged, raised colonies with thick cenires; the colonies
being thin at the peripherv and appeszring frilled. On

the other hand, isclates 2, 6, 12, 15 and 20 had thick,

raised, broadly ridged,; Irilled colonies {(FPlate 1},

The margin of the colonies ranged from wavy to
lobate (Plate 1), Colonies of isolstes 1, 2, L, 6,
9 - 15, and 17 - 20 had wavy margin whilectheecothers :=.

isolates had colonies with both wavv and lobate margins.

The colour of colonies differred between the
isolates. Isolates 1, 2, ., 1B, 17 and 20 had buff
coloured colonies, while isolates 2, 6 ~ 9, 11, 13 and
1 had buff to cream colcnieg., Colonies with buff to
pale lutecus, dtuff to lioney and buff to rosy-buff

colouration were 2lso ohserved in tve other isolates,
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Table 8, Cultural characteristics of 20 isclates of To

osporiun
penicillarise on pobato dextrose agar
Isolate Kean diameter Topography** Hargin®* Golour
no, of colony of
(rum e colony***

3 16,10°%F Finely ridged, raised, thick
in the centre, thin at the iavy Buff
periphery and frilied,

2 17.679% Broadly ridged, thick,
raised and frilled Wavy Buff

abcde - . . .

3 21,53 Finely ridged, raised, thick Wavy and Buf'f to
in the centre, tain at the lobate cream
periphery and frilled,

L 19.530Q8f Finely ridged, raised, thick
in the centre, thin at the Wavy Buff
periphery and frilled,

5 23,3204 Finely ridged, raised, thick Wavy amd  Buff to
in the centre, thin at the lobate Pale
periphery and frilled, Juteous

6 17,753 Broadly ridged, thick Wavy Buff to
ragised and frilled, cream

7 20,13°9%¢ Finely ridged, raised, thick Wavy and  Buff to
in the centre, thin at the lobate cream
periphery and frilled,

8. 24_.9631)c Finely ridged, raised, thick Wavy and Buff to

' o Fothe cerntrt tMin at the lobate cream
periphery and frilled,

b . . .

9. 2,5 cde Finely ridged, vaised, thick Vavy Buff to
in the centre, thin at the cream
periphery and frillegd,

10, 17,884¢% Pinely ridged, raised, thick wavy Buff to
in the centre, thin st the cream

periphery and frilled,



Table

11

12

13

th

15

16

17

18

19

20

8 (contd,)

16,07°F

18‘55def

2%, 80%
17.814€f

1 8 ?6Cdef

18, 22%¢T
26.?83b

14,350
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Finely ridged, raised,
in the centre, thin at
periphery and frilled,

Broadly ridged, thick,
raised and frilled.

Finely ridged, raised,
in the centre, thin at
periphery and frilled,

Finely ridged, raised,
in the centre, thin at
periphery and frilied.

Broadly ridged, thick,
raised and frilled.

Finely ridged, raised,
in the centre, thin at
periphery and frilled.

Finely ridged, raised,
in the centre, thin at
periphery and frilled.

Finely ridged, raised,
in the centre, thin at
periphery and frilled.

Finely ridged, raised,
in the centre, thin at
periphery and frilled.

Broadly ridged, thick,
raised and frilled,

thick
the

thick
the

thick
the

thick
the

thick
the

thick
the

thick
the

Vavy

Wavy

Yiavy

Wavy

Wavy

wavy and

lobate

Vavy

Wavy

VWavy

Wwavy

Buff to
cream

Buff to
Rosy buff

Buff to
cream

Buff to
cream

Buf'f

Buff to
Pale

luteous

Buff

Buff to
Pale
Juteous

White to
Burf

Buff

*  Using Duncan's kultiple Range test, means _With the_s-ome-

superscript (P=0.05) are not significantly difforent.

*# Topography and margin descriptions are based on deseriptions by Subba Rao

and Thakur (1983).

*** Colour description is based on Commonweslth wycological Institute (CMI)
Mycological colour charts (Rayner, 1970),



Plate 1: Cultural characters of 20 isolates of
Tolypesporium penicillariae on potato
dextrose ngar,
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L.2.2 Cultural choracteristics on potato agan

The results are presented in Table 9. The mean
colony dismeters were not significantly different

(P=0,05) between the isolntes (Appendix 6b).

A1l the isolates hzd finelwv ridged colonies which
were raised, thick in the centre, thin =2t the periphery
and frilled except isolote 17 whick hzd thick, rzised

broadly ridged frilled colony,

The mergins of the colonies in isolates 1, 5 - 7,
10, 11, 13 ~ 15, 18 and 20 were wavy =nd lobate while
those of the other isolates were wavy. The colonieg -rzr:o

dull white. buff or honey,



Table 2. Cultural characteristics of 20 isolates of -TEW
peRric jllariae on potato agar.
Isolate Mean diameter Colour of
no, of colony To;)ogr;-.phy“‘f Margit* colony***
(I?;m)
____—__-————"'_—_--v—- ———

1 17.0 Finely ridged, raised, thick Wavy and pull white
in the centre, thin at the
puriphery and frille d.

2 15.65 Finely ridged, rpised, thick Wavy Honey to
in the centre, thin at the pull white
periphery and frilled.

3 16.7 Finely ridged, paised, thick Wavy pull white
in the centre, thin at the
periphery and frilled.

Iy 16.65 winely ridged, raised, thick wavy pull white
in the centre, thin at the
periphery and frilled.

5 16,03 Finely ridged, raised, thick Lavy and pull white
in the centre, thin at the lobate
periphery and frilled.

6 16, Lk Finely ridged, raised, thick vavy and Honey to
in the centre, thin at the lobate Dull white
periphery and frulled.

7 16,01 Finely ridged, raised, thick wavy and pull white
in the centre, thin at the lobate
periphery and frilled.

8 17,15 ninely ridged, raised, thick Wavy Honey
in the centre, thin at the
periphery and frilled.

9 15,98 Finely ridged, raised, thick Wavy Honey
in the centre, thin at the
periphery and frilled.

10 17.46 Finely ridged, raised, thick Wavy and pull white
in the centre, ghin at the lobate
periphery and frilled.



Table 9 (contd.)

"

12

13

AL

15

16

A7

18

19

20

16,70

16,07

16,50

15.45

15.98

16.10

16.15

15.25

13.65

13,60

Finely ridged, raised,
in the centre, thin at
periphery and frilled.
Pinely ridged, raised,
in the centre, thin at
periphery and frdilled.

Finely ridged, raised,
in the centre, thin at
periphery and frilled.

Finely ridged, raised,

in the centre, thin at
periphery and frilled.

Finely ridged, raised,
in the centre, thin at
periphery and frilled.

Finely ridged, raised,
in the centre, thin at
periphery and frilled.

Broadly ridged, thick,
raised and frilled.

Finely ridged, raised,
in the centre, thin at
periphery and frilled,

Finely ridged, raised,
in the centre, thin at
periphery and frilled,

Finely ridged, raiscd,
in the centre, thin at
periphery and frilled.

thick
the

thick
the

thick
the

tnick
thoe

thick
the

thick
the

thick
the

thick
the

thick
the

Wavy and
lobate

Wavy

Wavy and
lobate

Wavy and
lobate

wavy and
lobate

wavy and
lobate

'.“ aw

wavy and
lobate

wavy and
lobete

Dull white

Buff

Dull white

Dull white

Dull white

Dull white

Buff

Buff

Buff

Dull white

s+ Topography
and Thakur

su* Colour de
Hycologic

seription 18 based on Comuonwe21th 1ycolog

end margin deseription

(1983).

a1l colour charts (Rayner, 1970) .

s are based

e . e, —

on @:scriptions by Subba Rao

ical Institute (cMI)



.23 Cultqgg}“oharacteristics on carrot agal

The mean colo
antly

n Table 10. ny
e not signific

6C) «

re presented i

The results =
.4+ isolates wer

dismeters af the aifferent
(P:0.0S) aifferent from each other (Appendix

dy thick: raised and

a finely

tyres and thin

Tsolete 43 had proadly ridge
e other jsolates ha

fiile all

smooth colony ¥
v, colonies

ridgeds reised. smoot with thick cen

peripheries.
the jgolates W

1onies of all

The margins of the CO
The colonies were pale»luteous, pale-luteous and

wavye
white, buff 2

nd crezm oY vuftf end white.
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Table 10. Cultural characteristics of 20 Isolates of To;xgosporium

Eenicillariae on carrot agar

'_'_,.,.--—__

Colou of
colo

Isolate Mean diameter Topograpﬁf“‘ Margin*®
no. of colony
i
1 14.70 Finely ridged, raised, thick wavy

in the centre, thin at the
periphery and smooth.

2 15.98 Finely ridged, reised, thick  Wawy
in the centre, thin at the
periphery and smoothe.

3 15.2 Finely ridged, raised, thaick Wavy
in the centre, thin =t the
periphery arnd smooth.

L 16,91 Finely ridged, raised, thick wWavy
in the cenire, thin at the
periphery and smooth.

5 16.01 Finely ridged, raised, thick Wavy
in the centre, thin at the
periphsry and smooth.

6 14.98 Finely ridged, caised, thick Wavy
in the centre, thin at the
periphsry and smooth.

1 16,52 Finely ridged, raised, thick Wavy
in the centre, thin at the
periphery and smooth.

8 18,40 Fineiy ridged, raised, thick Wavy
in the centre, thin =t the
periphery and smooth.

9 17.70 Finely ridged, roised, thick Wavy
in the centre, thin at the
periphery and smooth,

10 15.8 Finely ridged, paised, thick wWavy
in the centre, thin at the
periphery and smooth.

Pale Juteous

Pale luteousd

Pale
luteous

Buff to
white

Buff to
crean

Pale
Juteous

Pale
Juteous

Buff

Buf' f

Buff to
white



Table 10 (contd,)

k!

12

13

1AL

15

16

17

18

19

15.61

16,44

19,26

15,48

17.40

45,08

16,60
15,89
15,80

14,55

.-h_’?:—

Finely ridged, raised,
%gr§%ﬁa%§ng£§’sﬁg%%h%”

Finely ridged, raised,
in the centre, thin ut
periphery and smooth,

Broadly rid;ed, thick,
raized and smooth

Rinely ridged, raised,
in the centre, thin at
periphery and smocth,

Finely ridged, raiscd,
in the centre, thin at
periphory and smooth,

Finely ridged, raised,
in the centre, thin at
periphery and smooth,

Finely ridged, raised,
in the centre, thin at
periphery and smooth,

Finely ridged, raisocd,
in the centre, thin at
periphery and smooth,

Finely ridged, raised,
in the centre, thin at
periphery and smooth,

Finely ridged, raised,
in the centre, thin at
periphery and smooxh,

thick
the

thick
the

whirck
the

thack
(it

thick
the

thick
tho

thick
the

thick
the

thick
the

Lavy

Wavy

Wavy

Wavy

Wavy

Wavy

Wavy

Wavy

Wavy

Wavy

Pale
luteous

Buff to
Cream
Buff to
Rosy Buff
Pale

luteous

Pale lut-
tc white

Pale
luteous

Pale lut-
to whi-.

Pale
luteous

Pale
luteous

Pale
lutecus

&  Topography and margin descriptions are bas:d on descriptions by Subba Rao

and Thakur {1983},

w¥% Colour description is based on Commonwealth lycological Institute (CMI)
Mycological colour charts {Rayner, 1970),
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L.2.4 Cultural choracteristics on Czapek-Dox agar

The results are oresented in Table 11. The differences
mean
between fcolony diameters of the isolates were significant
(P=0,05) (Anmendix Ad). 1Isolzte 3 hed the createst radial

growth (20.36mm) while isolate 20 hed the sm2llest (12.617mm).

A1l tre isnlotes hed finelv ridged, raised, frilled
colonies with thick cenmtres snd thin peripheries (Plate 2),
The mergins of colonies in isolztes 9, 11, 12 and 16 were
wavy &nd lobate while those of the other isolates were

only wavy.

Colony colour was buff for isolztes 1, 16 and 20;
rosy buff for isolates 2, 3, 6, 15 and 183 and rosy buff
to buff for isolates L, 8, 9, 11, 12 and 14. In the other
isoletes the colonies were honey, rosy buff to honey, rosy

buff to szlmon or honey to dull white.



Table 11.

-

- Lo -

Cultural chare.cteristics of

20 Isolates of _E_qlmcsporium

Eenici.llariae on Czapek-D7X agar

Isolate Mean Giameter Topography‘" Margin Golour of
no, of cclony colony ***
(om

1 12.98b odlo Ly ,adged, rarscd L1k Wavy Buff
in the centre, tnin at the
periphery and frilled.

2 13.21“ Finely ridgsd, preiscd, thiek Wevy Rosy Buff
in the cenlre, thin ot the
peripbery and frilled.

3 20.36a winely ridgsd, ~miscd, thick Wavy Rosy Buff
in the centre, thin ot the
periphery and frilled.

L 18,25 pinely ridged, raised, 4ok Wevy Rosy Buff
in the centre. thin at toc to Buff
periphery and frilled,

5 13,60 Finely ridged, raised thick  Wawy galmon t0
in the centre, thin at the Buff
periphery and frilled.

6 11,.66° Finely ridged, raised, thick  Wawy Rosy Buff
in the centre, thin at the
periphery and frilled,

7 13.9‘1b Finely ridged, raised, thick Wavy Rosy Buff
in the centre, thin at the to Salmon
periphery amd frilled<

8 16.23%° Finely ridged, raised, thick Wavy and Rosy Buff
in the centre, thin at the lobate to Buff
periphery and frillede

9 14.20° ginely ridged, raised, thick Wavy and Rosy Buff
in the centre, thin at the Llobate to Buff
periphery and frilled -

10 12.91n Finely ridged, raisad, thack Wavy Honey

in the centre,
periphery and

+nin ot the
fl'illi.:d. -




11 14,95 Finely ridged, raised, thick Wavy end Buff %o
in the centre, thin at the 1obate Rosy Buff
periphery and frilleds

12 1&,?3b Finely ridged, raised, thick Wavy and puff to
in the centre, thin at the lobate Hosy Buff
periphery and frilled .

13 13.550 Finely ridged, raised, thick Wavy Honey to
in the centre, thin at the Dull white
peEr iphery and frilled,

14 13.?8b Finely ridged , raised, tRick Wavy Buff to
in the centre, thin at the Rosy Buff
periphery ond frilled.

15 ‘l":>.52."IJ ¥inely pidzed, reissl, tnack Wavy Rosy Buff
in the centre, ghain at tae
p-—;riph&ry and frilled.

16 13.?&? Finely ridzed, raised, thick Wavy and Buff
in the centre, thin 2t the lobate
periphery and frilled.

17 11,.51b Finely ridged, raised, thick Wavy Honey
in the centre, thin at the
periphery and frilled,

18 1&,18b Pinely ridged, raised, thick Weavy Rosy Buff
in the centre, thin at the
periphery and frillede

19 1}.61b Tinely ridged, raised, thick Wavy RoSY Buff
in the centre, thin at the to Salmon
periphery and frillede

20 12.b0U Finely ridged, raised, thick Wavy Buff
in the centre, fhin at the
periphery wpa frilled.

» Using puncezn's wultiple Ronge test, TE 53 with the s~=me

Superscript (P:U.O5) are not significuntl& gif ferent.

. Topography ;n;_aargin deseriptions &Xv passl On . scriptions by Subba Rao
and Thakur (1983) .

a#%  (Colour joscraiption js bnscd on Commonwz¢lth Mycclcﬁiﬁnl Instituta_(CﬁI)
uycologicel cclour charts (Kayner, 1970).



Plate 2 Cultural cherascters of 20 isolatss of
Tolyposporium penicillariae on Czapek-Dox

agar
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4,2.5 Cultural charccteristics on Sartoris 'Best!

synthetic z2gar.

The results are presented in T=ble 12. There was no
significent difference (F=0,05) in the mean colony

diemeters of the different isol~tes (Appendix 6e).

Isolates 3. @oand 16 - 20 h=d brcadly ridged, thick,
raised 2nd frilled colonies. while the other isolates had
finely ridged, roised, frilled colenies with thick centres

and thin peripheries.

The margins of the colonies were wavy for isolztes
3 -12, 17, 18 and 20, Isolztes 1, 11, 14, 16 2and 19 hac
wavy 2nd lobate margin while isolate 2 had an entire

margin,

The colony colasur wos rosy buff for isolates 1 - 3,
7y & 10 = 12, 14 = 16 2nd 19: rosy buff to white for

isolates L, 6, 9, 13, 17, 18; 2nd white for isol~ate 5.
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Table 12, Cultural characteristics of 20 isolates of Tolyposporium
penicillariae on Sartoris 'Best' synthetic agar.
Isolate Mean diameter Topography** Margin®®* Colour of
no. of colony colony**#*
mm)

1 15.10 Finely ridged, raised, thick Wavy and Rosy Buff
in the centre, thin at the lobate
periphery and frilled,

2 16,40 Finely ridged, raised, thick sZntire Rosy Buff
in the centre, thin at the
periphery and frilled,

3 17.05 Broadly ridged, thick Havy Rosy Buff
raised and frilled,

L 18.30 Finely ridged, raised, thzack Navy Rosy Buff
in the centre, tnin at the to white
periphery and frilled,

5 14,10 Finely ridged, raised, thick Wavy 4hite
in the centre, thin at the
periphery and frilled.

6 15.94 Finely ridged, raised, thick Wavy Rosy Buff
in the centre, thin at the to white
periphery and frilled.

7 16,20 Finely ridged, raised, thick Wavy Rosy Buff
in the centre, thin at the
periphery and frilled,

8 16,05 Finely ridged, raised, thick Wavy Rosy Buff
in the centre, thin at the
periphery and frilied.

9 15.51 Finely ridged, raised, thick Wavy Rosy Buff

' in the centre, thin at ths to white
periphery and frilled,
10 17.36 Finely ridged, raised, thick Wavy Rosy Buff
in the centre, thin at the
periphery and frilled.
1 17.7 Finely ridged, raiscd, thick Wavy and Rosy Buff
in the centre, thin at the lobate

periphery and frilled.



1e 12 (contd.)

Tab
12 A6 4T Finely ridged raised, thick Wavy Rosy Buff
in the centre, thin at the
pvriphery rilled.
13 14.97 Finely ridged raised, thick Mavy Rosy Buff
in the centre, thin at the to white
periphery ( illed.
1L 16,05 Finely ridged, raised, thick Wavy and Rosy Buff
in the centre, thin at t lobate
periphery and frilled.
15 17.01 Finely ridged, raiscd, thack Mavy Rosy Buff
in the centre, thick at the
periphery and frilled.
16 18,12 Broadly ridged, thick yavy and Ro3Y Buff
praised and frillede lobate
A7 17.78 Broadly ridged, thick, davy Rosy Buff
raised and frilled- to white
18 15.70 Broadly ridged, thick, Wavy Rosy Buff
raised and frilled. to white
19 16.67 Broadly ridged, thick, Wavy and ROSY puff
raised and frilled. 1lobate
20 15.50 Broadly ridged, yhick, Wavy Rosy Buff
raised and frilled. to buff
g Tcpog;raphy and margin aescriptions ayre based OB jescriptions py Subba
Rup and Thakur (1 983).
esw  Colour qescription is based on Gommonwealth éiycologicel Institute (CHI)
charts (RayneT, 1970) »

}&ycologic

al colour
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Plate 3« Cultural characters of Zaria isolate on five
culture media,

Key to culture nmedia used

1 = Potato dextrose agar,
2 = Potato agar,

5 = Carrot agar,

4 = Czapek-Dox agar,

) = dartoris 'Best' synthetic agar,
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Plate 4, Cultural characters of Dambuo isclate on
five culture nedia,

Rey to culture media used
. ———
1 = Potato \ZAar,

n
i

Potato

~

= Carrot agar,

L% Y]
I

Czapek-Dox agar,

-
1

y = sartoris 'Best' synthetic agar,
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Plate .7. Cultural characters of Jalingo isolate on
five culture nedia,

Key to culture media used

Potato dextrose agar,

]

Potato agar,

Carrot agar,

St I S T
1l

"

Czapek-Dox agar.

Sartoris 'Best' synthetic agar,

\uﬂ
I
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Plate 8, Comparison of growth rate of three isolates of T,

penicillariae on potato dextrose agar and potato
agar,

1 = Gombe isolate on potato dextrose agar,

2 = Maigana isolate on potato dextrose agar,
3 = Bakura isolate on potato dextrose agar,
L = Gombe isolate on potato agar,

5 = haigana isolate on potato agaer,

&

== Bakura isclate on potato agar,
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4.3 Pathogenic Voriation in Isolctes of

Tolyposporium peniciltiariae

Five varieties of peorl millet were tested for their
recction to inoculation with some of the abhove isolates in

198l ond 198E.

L.3.1 athozenicity of six isol~tes of

Tolynosnorium penicillorine in

ke AT b

i 1 md b R

five voricties of vesarl millet in 198L

aix isol~tes were used in = preliminsry study in 108l.
The mesn smut severities of the six isol=tes in five
varieties of ne~ri millet ore presented in Table 13. The
results indicste that there were significnont differences
(P=0.7) between the isolates (Appendices 7.1a2 - 7.1e).

The reaction types of the five vorieties of pearl

millet to six isolates of I. penicillarine are given in

Table k.

Varieties MDN 145, DM 143, ond g6 were susceptible
to o1l the isolates, DY 421 we-s susceptible to Zarin,Samaru,
Drmbuo ond Moiduguri isolotes, and moder2tely susceptible
to ¥eno 2nd Jalingo iscl~tes, MO 137 wos moderniely
susceptible to Somaru, Drahuo end Heidoegvri isol-tes; it
wrs moderately resistont to Zazrin ~nd Kano isolstes ond

resistent to Jolingo isol-te,
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Table 13, Mean smut incidence (%) of six isolates of Tolyposporium penicillariae on five
varieties of pearl millet artificially inoculated in 1984

Isolate Mean incidence of smutted grains (%) in varieties
l!.?.bz 1% MDN 137 MDN 145 MDN 143 S6

Zeria 2.9 (.07 5.6 (.07 5.0 (57.4) "cdef 5.7 GBDTNS 757 (69.5)%
Samaru 16, (20,4)%°%% 6.8 (11.7)%®° 73,3 (60.8)* 63.3 (56.8)™ 82.8 (69.5)%°
Kano 14,5 (16.9)°7°% 3.7 (8.6)°"@ 70,3 (60.1)b0de 62,0 (52,9)%°° 51.0 (47.5)%
Dambuo 22,0 (25.6)™ 1.5 (16.0)® &.2 (69.9)" 70.7 (59.3)* 90.3 (76.5)°
Maiduguri  22.8 (27.3)° 7.6 (13.3)%P 71.3 (60,2)%P%4 53.0 (46.6)°°%°T 56 7 (51 0)?
Jalingo 5.0 (10,1)%° 1.2 (4.9)> 38,3 (37.3)8 30.7 (32.9)® 21.0 (26 8)F

Using Duncan's kultiple Hange test, means in each column with the same superscript are not significantly
different (P=0.01)

* Mean of three replicates,

Values in bracket = ingular transformed values,
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keaction types of five varietics of pearl millet to six

isolates of Tolyposporiui penicillarice,

— oy ——

Resoticn Type

Isolate . i

JDN 131 LON 437 MDI 145 BDN L3 86
Zaria S VR S S S
Sanaru S JRE 5 S S
Kano WS bR o S S
Danmbuo S o S S S
Maidupguri S KS S S ]
Jalingo MS B S S S




- 66 -

4.3.2 Pathogenicity of 10 i#olates of Tolyposporium

penicillariae in five varieties of pearl
millet in 19885,

Ten isolates were used in 2 more deta2iled study in
1985, The results presented in Table 15 indicate that
there were significant differences (P=0.01) between the

pathogenicities of the isolates (Appendices 7.22 - 7.2e).

The reaction types of the five varieties of pearl
millet to the ten isolates of T. penicillariae are given in

Table 16,

Varieties MDN 145, MDN 143 and S6 were susceptible to
all the isolates, MDN 131 was susceptible to Zaria, Gombe,
Dambuo and Maiduguri isolates; it w2s moderately susceptible
to Samaru, Bakura, Gummi and Kono isolates; resistant and
moderately resistant to Jalingo and Mokwe isolates respect-
ively., MDN 137 was susceptible to Gombe and Dambuo isolate
and moderately resistant to Bakura, Gummi 2nd Kano isolates.

It was resistant to Jalingo and Mokwa isolates.

The Jalingo isolate could be easily differentiated
pathogenic
from the others because it was least/to MDN 131 and
MDN 137. The interactions between the isolates and the
five varieties nre shown in Fig. 5. On the basis of the
apparent differential intsractions between the isolates of
the pathogen 2nd two of the five varieties, namely MDN 131

and MDN 137,the isolates can be placed in the following
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four psthogenic groups:

Group I 4 Gembe =-nd Dembuo.

Group IT : Maiduguri, Zerir 2nd 5°m2rud.
Group III g Bakura, Cummi ond Kano.
Group IV % Jolingo and Mokwn2,



Table 4. Mean smut incidence (%) of 10 isolates of Tolyposporium penicillarise on five varieties of pearl
millet artificially inoculated in 1985,

Isolate Mean incidence of smutted grains (%) in varieties

MDN 131 MDN 137 MDN 145 MDN 143 s6

) " * [ w®
Zaria 14.0023.3)%  5,3(10.9)%°%%  77.0(64.7) 2% 58,9(53.1) 2edere 58,7(53.9)%%®
Samara 12.8(17.0)%F  9,3(12.9)%P°8  67,3(55,6)P%4%T8 55 o(48.0)8000eTEEL g 405 oybed
Jalingo 1.3(4.7)F 1.0(4.8)% 27.3(30.6)* 29.3(31.7)9 15.3(19.7)
Gombe 53.3(47.0)* 19.7(23.8)" 73.0(60.1)8P%%8T 95 3(59,7)300d 76.7(63.7)%°¢
Dambuo 18,1(21,8)% 17.7(21.8)%° 87.4(7.7)* 70.3(60.4)* 88.0(75.3)%
Maiduguri  32,0(33.4)°°  10.9(17.2)%°  77.7(66.7)%" 59,0(50,3)2P16TBE g4 (53 6)bodet
Bakura 9.5(13.9)%°f 3.3(6.5) % 51.7(46.0) B 47.7(13.1,) 8894 37.7(37.3)80%
Gunmi 15,4(19.2)%¢ 5.1(9.3)"c8 77.3(66.4)%° 67.0(57.6)2cdef 70.9(66.1)
Mokwa 7.5(9.4)3¢F 0.2(1.2)8 L5, 7(42,3) 884 70.3(59.9)%° 40 3(39.7)80
Kano 14.9(16.9)%F 4. 3(9.1)P%d 7.2(60,9)%bcde 70.1(58, 8)2b°de 45.3(42.6)3¢ "8

Using Duncan's Multiple Range test, means in each column with the same superscript are not significantly
different (P=0,01),

* Mean of three replicates,
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Table 16, &eaction types of five varicties of pearl millet to 10

isolates of Tolyposporium penicillariae,

Reaction type

Isolate -

MDN 134 “DH 137 LDN 145  LDN 143 86
Zaria S us S 8 S
Senaru MS us S 5 S
Jalingo R R 5] 5 NS
Gombe S S S 5 S
Dambuo S 8 S s S
Maiduguri S ES S 5 K
Balaura MS MR S S 5
Gummi M3 MR S S 8
Mokwa MR ] ) S S

Kano MS MR S S )
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5 DISCUSSION

The results of this study have shown that some
variations exist in the peearl millet smut pathogen, T.

penicillariae, with respect to morphologic2l 2nd cultural

characteristics as well as with regerds to their pathogeni-
cities in five millet wvnrieties,

Morphological charncteristics such as spore wall
ornamentation, spore colour snd size, and spore germination
are known to contribute greatly to the dynamic taxonomic
history of smut fungi (Holton et al., 1968), 1In

Tilletia tritici in wheat, the spores of some races are

more prominently reticulate than those of other races

(Holton, 1935). Races of Sphacelotheca sorghi have been

reported to exhibit some differences in length, colour
and manner of rupturing of the sori (Melchers et 21,,
1930),

In this study, morphological variation in T.

penicilarisrec vas reflzcted in c2z:2: of sporeballs,

teliospores and gporidin, No varistion was found in the
number of teliospores per sporeball.

Subba Rao and Thakur (1983) reported veriation in
the pattern of germination of teliospores aggregated in
sporeballs of T, penicillarise, In this study, three

different patterns of teliospore germination were observed



in a1l the isolates, namely sporidia borne laterally or/
and terminelly on the promycelium, sporidia produced in
clusters on Promycelium 2nd sporidia produced in branched
chainsg directly from the teliosperes without any

promyceliuu,

It has been reported by Subba Rao and Thakur (1983)
that no germination of aggregated teliospores occurred up
to 9 hours of incubation at 15°C to LO°C in water. They
also reported that promycelia became visible by 10 hours,
and that by 16 hours most sporidia were liberated from
the promycelia, PRy contrast, results of the present
study showed that germination of aggregated teliospores
of sowe isolates cccurred at 6 hours of incubation at
BOQC in water., However, the time recuired for germination
of the aggregated telicspores in water at 30°C varied
between the different isclates. For instance, the
teliospores of some isolates germinated within six hours
while others germinated six hours later., There was also
some varistion in the viabilitv of the teliospores. In
general, after the onset of germination time of
teliospores, there was a gradual increase in germination
percentage between nne and three hours. This was
followed by a rapid increase in germinatiocn between four

and gyx hours of onset of germinatinn,
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Variation in smut fungi as expressed by differences
in cultural characters is common in many species (Fischer
and Holton, 1957). This is usually exhibited in the rate
of growth, type of growth, colour of colony and consistency
(that is, whether predominantly sporidial or mycelial),
Rodenhiser (1928) has reported that some races of lcose
smut of wheat, Ustilago nuda differ widely in growth rate
in culture at the same temperature. Specialization based
on cultural characteristics has z1lso been reported in 1oang

smut of sorghum, Tolvposporium ehrenberpgii (Kamat, 1933).

In the present study, variatidns in growth rate;
colour, mergin and topography of colonies of the isolates
were observed, These cultural variations appeared to
depend on the media on which the isolates were grown. Thus.
these differences were best manifested on pctato dextrose
agar and Czapek-Dox agar, that is, a wide range of

cultural types occurred in these twc media.

In discussing variations in cultural characteristics
among isolaces vi sauc fungi, risuner and Holton (1957)
concluded that they are a function c¢f the genetics of the
nrganism as well as the tType and constitusnts of the
culture media used in different studies Flscher and
Holton (1957) demonstra®ted the phenomenon in grass smuts

including Ustilago bullata, which grew better on potato
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dextrose =2ger and Blakeslee'!s agar than they did on the
other media studied by them.

Subba Rao and Thakur (1983) reported that T,

penicillariac grav Lotter on pototo and carrot agar medin

thon on potato dextrose acgar, This is contrary to the
observations mnde in the present study. All the isolates
showed more growth on potato dextrose agar than on potato
agar or carrot =2gar, The discrepsncy between results
obtained in this study and those of Subbz Rao and

Thakur (1983) may possibly be due to genetic differences
between Indin 2nd Nigeria isolctes of the pethogen. On
the other hoand, the observations in the present study
that growths of 211 the isolates on 211 the medin were
purely sporidirl ~nd yeast~like (even ~fter repented
subculturing) ~re in conformity with those of Subbn Rao
and Thekur (1983).

Pathogenic varintion h2s been observed to be
common in mary ennriee Af cerenl smits and hove been
reported by previous workers in Tilletin spp. (Faris,

192), Ustilago zeae (Stakman ond Christensen, 1926),

Sphacelotheca sorghi (Meclchers et 2l., 1930) 2nd in

Ustilogo bullate (Meiners and Fischer, 1952).




- 75 -

The pathogenicity tests carried out in this study with
isolntes from different Savonna zones of Nigeria provided

evidence thot T. penicillarice is specinlized with respect

to the varieties ond types of pearl millet it attacks, Two
varieties, viz MDN 131 and MDN 137 proved to be better than
the other three varieties in menifesting the pathogenic
differences between isolates of the fungus, In this
respect, the two varieties were clnssified ~s susceptible
or moderntely susceptible to isol-tes from CGombe,
Maiduguri, D~mbuo, Zariz ond Som~ru while they were

resistont to J~lingo isolate,

On the bnsis of their interactions with the two
varieties, the 10 isolates may be divided into four
pathogenic groups, namely highly virulent (Gombe 2and
Dambuo isolates); virulent (Maiduguri, Zarian and Semaru
isolates); moderntely virulent (Bakuros, Gummi ~nd Kano
isolates) and wenkly virulent (Jalingo and Mokwa isolates),
All the isolates were however, virulent in the three
other host varicii-u, Lt is interesting to note th~ot the
two lenst virulent isolates were from the most humid areas,
In addition, the Jnlingo iscl-te wns obtnined from
maiwa (a photoperiod sensitive) type of pezrl millet
while the rest of the iscl-tcs were from gero (2 non-
photoperiod sensitive) type. This could possibly be one

of the rensons for its low virulence.
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The diagramatic representations of the interactions
between the isolates and the five varieties appear to
suggest that there were differential interactions between
some isolates 2nd the varieties. For example MDN 145
appears to possess vertical resistance (Sensu Van der
Plank, 1963: 1982) to Jalingo, Mokwz and Bekura isolates,
The resistsnce of the same varietvy to Zaria, Gombe, Dambuo,
Maiduguri- snd Cummi isoletes arnd to some extent Samaru,
and K=mo - - isolates eppearsto be about the same;
thet is, iti?inroximately uniformly resistant to these
isolates thereby satisfying Van der Plank (1963; 1982)
concept of horizontal resistance, A similar conclusion
can be made about the inderaction between MDN 131,

MDN 137, MDN 143 and S6 and the isolates although the
isolates to which the respective varieties are vertically
or horizontally resistant are not necessarily the same,
It appears therefore, that these varieties possess both

vertical and horizontal resistence to the isolates of
T. penicillariae,

The degree of virulence of Combe and Jalingo
isolates could probably be correlated with their rate
of growth on potatec dextirose agar and on the size of
sporidia vproduced on the same medium., For example, the

Gombe isolete was the most pathogenic =nd it had
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relatively long sporidia and the highest growth rate, The
Jalingo isolate, on the other hand, wns the lenst patho-
genic »nd h2d relotively short sporidia ~nd the lowest
growth rote. However, cll this could possibly be incidental
observotions, since corresvonding chorocteristics nare not
shared by other isolntes in the some p~thogenic groups ~s
the Gombe ~nef J-lingo isolates. For instonce, Dambuo
isolate wrs =g virulent 28 the Gombe isol~te but did not
possess the ~bove cultural and morphological characteris-
tics as the 1l-tter. Also, lokwz isolate was 2s weakly
virulent on MDN 131 2nd MDN 137 2s the Jalingo isolate,
although it wns not culturally or morphologicnlly simil-r
to the Jalingo isolate.

Thus, no definite correlation could be estz2blished
between either morphological or cultural choracteristics
of the different isolates and their p~thogenicity. It
could be that morphologiczl and culturel char-~cters have

no definite rel~tionship with virulence in T, penicillariae,

This study has provided bosic informntion on T,
penicillarice in Nigeria, 2nd clso rrised some questions
for further investigations, The inform~tion g2thered should
be used by Nigerian millec*® resecrchers in enreful plenning
of the breeding nrosrammz for incorpor-~ting resistance

against pe~rl millet smut. In porticul~r, the 2lready
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existing pathégenic veriation within the pathogen should
be taken into cansideration in preparing inoculum for
artificial inoculation of pearl millet lines during
screening for resistonce. For instance, it is important
that such inoculum includes one vl the most virulent

isolates.

Whether or not it is necessarv to use a mixture
consisting of representrtives of the four pathogenic
groups is 2 mrtter for future rese=arch, esvecizally in
respect of the compatibility or otherwise of the isolates.,
Also, the method of inoculati-n, th2t is, whether
isolates shouléd be mixed 2and applied simultaneously or
whether the components of the mixture should be applied

sequentially should be determined by future research,
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6., SUMMARY 7ID CONCLUSIONS

Morphological, cultural and pathogenic variations in

T, penicillariae, the inaucing organism of smut of pearl

millet were inwaastis=*ed, Sput anecimens were collected
from various millet rrowing ecological zones in northern
Nigeria. Twenty isolates were used to study morphological
and-cultural variations while 10 of them were selected for

pathogenicity tests.

Morphological variation was reflected in the sizes of
sporeballs, teliospores and sporidia, The time required
for germinatinn of teliospcres and the visbility (as
reflected by percentage germination) of the aggregated

teliospores of the different iselates also varied.

Tn culture, the fungus showed variation in
topography,margin and cclour of colonies in the following
five artificial media: potato dextrose agar, potato agar,
carrot agar, CzapekaDox agar and Sartoris 'Best' synthetic
agar, All isolates of the fungus Erew}ggqbotato dextrose
agar, followed by Czapelr Tox agar, vhile their growths on
the other three mediz were not significently different.

The growth of 211 the isclztes of the pathogen was

sporidie]l and yeast~lilie on 211 the media.
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Pathogenic variation was reflected by the reaction of
five varieties of pearl millet (vDN 131, MDN 137, MDN 143,
MDN 145 end S6).to ten isclates of the pathogen, On the
pasis of their interaction with MDN 131 and MDN 137, the
ten isolstes coula pe placed Iin four pathogenic pgroups,
namely highly virulent (Gombe and Dambuo isolates),
virulent (Meiduguri, Zari=a =snd Samaru jisolates),
moderately virulent (2Zslura, Cummi and Kano isolates) and
wzég%xfulent (Jalingo end liokwa isolates). By contrast,
all the isolstes were pathogenic in MDN 14,3, MDN 145 and
s6.,

In general, however, no definite relatisnship could
be established between either morphological or cultural
cheracteristics and the pathogenicity of the different
isoletes.

The relevance of this study in breeding pearl millet
for resistence to smut has been discussed. However, some
more work is needed before a reliable methodology can be
evolved for screening millet cultivars for effective

recistence to smut disense,
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APPENDICES

Appendix I, Analysis of varianee of dimensions of sporeballs
of the 20 isclates of T, penicillariae

(2) Length of spereball

—_— . e ———— — o ——

Seurce DF S8 MS F
Treatments 19 10486 55.89 3,.66%
Error 180 27114.50 150.6L

Total 199 37600, 50

(b) Width of sporeball

S —— e el E M B W B

Source DF 85 MS F
Trestments 19 876,75  1460.36 5. Lok
Error 180 15098, 80 83,88

Tot=1 199 238L5,50

¥ - Significent at 5% level.
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Appendix 2. Analysis of v-oriance of mez2n number of

teliospores per sporeball of the 20 isolates
of T, penicillarice

Source DF SS MS F
Trealuciivo ' 2 285260 15013.90 O.91NS
Error 80 151953 1649420

Total 99 16013

NS = Not significen® ¢t 6% level,

Appendix 3. Anelysis <7 voricnce of dimensions of the
Teliosp~res of the 20 isolates of T. penicilla=-
riae

(a) Length of Teliospores:

- —— PR

Source DF SS MS F
Trestments 19 16,0l 2,112 6.17
Error 180 70.75 0.39

Totel 190 116,79

(b) Width of Teliospores:

- — e B e —

Source DF S5 MS F
Treatments 19 110, 8 2,15 7.2L"
Error 180 53,566 0.29

Total 190 ol Ll

# = Sipnificant ot 5% level,
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Appendix L. Analysis of varisnce of mean germination
percentage of zpgpgregated teliospores of 20
isolates of Jo penicillariae between & and
15 hours of ircubation =2t 30°C,

Source DF SS MS P

Hour's 9 157755 1°639.40  L58.63
Isolotes 19 98183,30 5167.54 127.15
Hours x Isolates 171 37018.20  216.48 533
Error L.00 1€256,70 40,6l

Tot~1 500 319213

*#* = Highlv significent =2t 1% level.

Appendix 5, Anelvsis of vnrisnce of the mean length of
sporidiz of thie 20 isolzte of T. penicillariae
grown on potato dextrose 2g2r medium

el

Source DF S8 MS F
Treatments 19 332,40 17.49 2.8u*
Error 80 Loz Ll 6,16

Total Q0 B82L.8L

45 - f-"' e s e I e "'L... 5% ].ET:-'
& s, . —



Appendix

(a)

(b)

(c)

(a)

= 09 =

6., An=slysis of vrriance of di~meter of colonies of
the 20 isolates of T. penicillorize on *five
different media

Di~meter of colonies on potato dextrose sgar medium

Source DF SS MS F

Treatments 19 66L..37 3L.97 2,23%

Error Lo 626,84 15.67

Totzl 59 1291.21

Dizmeter of colcnies on potato agar medium

Source DF S MS F
NS

Treatments 19 53,33 3,12 1,06

Error 1,0 118,29 2,96

Tot~1 59 177.63

Dicmeter of colonies on carrot agar medium

Source DF SS MS F

Trestments 19 86.65 L.56  0.32Y5

Erro» h) 573.65 14,34

Total 59 660,30

Di=meter of eolonies on (zapek-Dox acar medium

Source DF SS MS F
Tre~tments 1§m_‘d. 208,681 10,983 1,529%
Error Lo 287,265 7.181

Total 59 495,947



Appendix 6, Contd,

(e} Diameter of colonles on sertoris 'Best' synthetic
gear medium

Source | DF éé MS | F
Tre-*~m*® 19 71,59 3.788 1.067NS
Frror Lo 14h1.96 3,549

Total 59 213,957

ki

Significant st 5% level.

NS Vot sisnificent st %8, level,

Appendix 7. Anelvsis of verisnce of Psthosenicity of isolates
T. penicillerise of five varieties of pearl millet

Appendix 7.1 For 1984

{a) Varietyy DN 131

L W P e

Source D S5 MS - F
Isolates o 8L01,90  1400.30 8, 1l*x
Error 68 _ 16862, 20 172,10

Total 10 2526L,10 2L.2.90

Source DF 58 MS g
Isolstes - = 6 2592,23 433,20 5.3
Error 32 799,66 81,55

Tot=1 104 10590, 84 101, 8L



Appendix
(c)

(d)

(e)

Appendix
(a)

7.1 Contd,
Variety: MDN 1L5
Source " DF SS MS F
Isolates & L5759.10 7626,50 29,59%#
Error 28 25255,60 257. 70
Total 10l 7101L.60 #82,80
Variety: MDDV 143
Source ﬁ? Sé MS F
Isolates 6 3L975.00 5829,20 20,18%*
Error 23 28307,90 288,90
Total 100 63282,90 608,50
Variety: S6
Source DF SS MS F
Isolates 6 €3603,50 10600,60 L1,06%*
Error 98 25300,.60 258,60
Total 10l 08904.10 854.80

*¥* = Highly significant at 1% level.
PeZ Fwe 0o0B
Variety: MDIT 137
Scurce DE 35 MS F
Isolates 10 31978 .40 3197.80 20, 313
Error 15l 221270 157.14L0
Tot=1 164, 56224 .20 3L2.80



Appendix

(v)

(c)

()

(e)

7.2 Contd.
Variety: MDN 137
Source DF SS MS F
Isolates 10 QoL9, L7 90L..95 10,23%#*
Erro. ' kg 13620,68 88.45
Total 16l 22670,35 138,23
Variety: MDN 1L5
§ource Dy 88 MS P
Isol=tes 10 53097.80  $309,R0 27,27%%
Error 1581 35632, 30 231,10
Totel 161 968730.10 602,00
Variety: MDN 143
Source DF SS MS F
Isolates 10 1,8118.,90 14811,90 22,65%%
Error 158l 32711.20 212.140
Total 16l 80£30.10 h92,90
Variety: 656
Sourcce DF Sé“* - MS F
Isolates 10 6735910 6735,90 2L, 33%*
Error 151 L2€30, 00 276.80 '
Total 160 109084 _ 110 £70,70

¥

Highly simificant at 1% level.
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