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INTRODUCTION

Pearl millet (Pennigetun amgr_i_gamm (L.) Leeke) is a
staple cereal 'for a vast proportion of humankind living
in the hot, drought=~prone arid and semi-arid regions of
less-developed countries of the world, particularly Africa
and Asla, It is congidered to be one of the most drought
and heat tolerant crops grown in rixarginal, 1ight, sandy and
rocky soil, Pearl millet is believed to have originated
in tropical Africa where many allied species are ‘also found
(I{risfﬁaswami, 1951), Its cultivation, primarily as a food
crop, exténds frﬁm several countries of East and West
Mrica to India and Pakistan in South Asia (Rachie and
Majmudar, 1980) whereas "in the southeastern United States,
it 1s cultivated solely as a forage crop (Jomson gf al.,
1976)‘.- Though pearl mllet is a COérse'grain cefeal, its
grain contains as mich as 16% protein, 4,5% fat, 46 mg/100 g
caleium (Burton gf zli,1972), %7 g lysine, 1ok g tryptophan
and 21 g methionine pez: 100 g protein (Aykroyd et al.,
1963) and therefore, 1t Es a potential source of nutrition
to large numbefs of mnger and malnutfition affected people
living in the tropical and sub=-tropical countries of the
world, Pearl millet plays an important role in the



agricultural economy of India as it is the fourth important
cereal crop of the country., Of 42,35 million hectares under
the millet crop in the world, 18,50 million hectares
(43,7%) is in India with an average annual grain production
of 11.80 Imetric tong anci average grain yield of 638 kg/ha
(F20, 1984). In India, the crop is mostly grown in the
'states 0 Andhra Pradesh, Gujarat, Hary.ana, Kamataka,
Madhya Pradesh, Maharashtra, Punjab, Rajasthan, Tamil Nadu
and parts of Utfaf Pradesh, In Haryana, it is the main
kharif season crop with an area of 841 thousand hectares
and gnnual grain production of 552 thousand tonnes
(Anonymous, 1985).

During the 1960s, with commerciai cultivation of F 1
hybrids, based on cytoplasmic-genetic male sterility, pearl
millet production was increased by 36% over the traditional
varietles within a few years in India (Singh, 1983)., But
this was a short-lived change. In the early 1970s, the
‘popular high yielding hybrids sﬁccul_nbed to downy mildew
(Sclerospora graminicola (Sacc.) Schroet), ergot (Clavigeps
fusiformis Loveless) and amut (Zolvposporium penicillarise
Bret.). |

Smut has been recognised as an important floral disease
of pearl millet in Africa and Asia since the early part of
thia"éenmry (‘thtler; 1918; Chevalier, 1931; A)rekar and
Likhite, 1933; Ramakrisman, 1971). The disease has also
been reported from North America (VWells st al., 1963)..
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The potential sericusness of the disease in India was
rgalized only in the 1970s when the F1 hybrids in large
commercial plantings in northern India became heavily
infected (Rachie and Majmudar, 1980); Smut appeared in
epiphytotic proportion in certain parfs of Uttar Pradesh
and Haryana in 1967 (Bhownik end Sundaram, 1971). Presently,
in Haryana, this disease is considered important next to
downy mildew and‘becomes severe in years when humid weather B
prevalls during the flowering period. Smut has received
relatlvely less attention of pathologists than downy mildew
and ergot in India (Rachie and Majmudar, 1980). Earlier
studies provided preliminary information on some aspects of
the disease in India (Ajrekar and Likhite, 1933; Bhatt,
1946; Vasudeva and Iyengar, 1950). With the establishment
of Intermational Crops Research Institute for the Semi-
Arid Tropics (ICRISAT), a systematic research effort was
made on‘’studying various aspects of the disease (Subba Rao
and Thakur, 1983; Thakur et als,1983a, 1983b, 1986).
However, even today there are many important gaps in our
knowledge of the pathogén, that inhibit our attempts to
control it and therefore, more efforts are needed to better
understand this problem and find out solution, At present,
smut is considered to be a congtant threat to pearl millet
growers only in the northern India where frequent rains
during the flowering period favour its development, However,
it may pose a problem in other parts of the country as well
in the near future by acquiring climatic adaptability



and producing new pathogenic races or blotypes. An effective
and economical control of smit can be obtalned through host-
plant resistance and breeding.sm‘b-resistant varleties and
hybrids should receive priorify in research, A second
approach ﬁ:o control smut should be based on the use of
chemical fungicides elther alone or in combination with
resistant cultivars, Chemical fungicide‘s in combinatibn
with resistant cultivars provide a more'durable or highér
level of control than cah be achieved with each method
individually (Williams, 1984), To achieve this it is
important to have a thorough understanding of the biology
and variations in the pathogen populations and inheriténce

of resistance to dev_ise a suitable re‘sistan’cv breeding strategy.

The presen_t studies were, therefore, undertaken to
elucidate informations on the following aspects.

1« Variability in Tolyposporium penicillapise: To study
the morphological, cultural and pathogenic variability
among different isolates of the pearl millet smut
pathogen, collected from different locations in India,

2 Inheritanc:e studies: To study the inheritance of smut
resistance and assoclated genetic 'arc':hi'cecturevusing a

| hali-diallel cmssing system,
.3+ Chemical control:v To assess the relative efficacy of a
few iungicildes in reducing; smut incidence,

# 3k



REVIEW OF LITERATURE.

A survey of literature on the pertinent aspects of
the proposed investigation entitled "Studies on pearl millet
smut with speclal reference to pathogenic variability,
inheritance of resistance and chemical control" reveals tha;
not much iniormétion is avallable on these aspec‘ts.
However, works done by earlier workers relating directly
or indirectly to the dliferent aspects of the investization
are reviewed in this chapter under the following headings.

1e Taxonomy of TQ‘ lypogporium species.

2,  Symptomatology and blology of pearl millet smut,

34 variabmty in Tolyposporium penicillariae .

lys Smut resistance in pearl millet,

54 Inheritaxlce of smut resistance,

6,  Chemical control,
241 Iaxonomy of __Ql_mmzm Secles

The genus Jolyposporium belongs tO the class
Basidiomycetes, subclass Teliomycetidae, order Ustilaginales
and 1amily Ustilaginaceae, The family Ustilaginaceae
containg a numﬁer of economically important pathogens, The
genus Tolyposporiunm includes several important species
parasitising cereals and forage grasses, such as
Tolyposporjun penicillapiag Bref., I. ghrenbersii Kum, I,
setaricolup H and P, Syd, T,andropogonis Patel and Kulkarni



( Thirumalachar and Neergaard, 1977).

Zolyposporium as a genus was first described by Woronin
in 1882 for the smut on Juncys bufonius L. which had pre-
viously been described by Schroeter in 1872 under the name
Sorosporium j_\,ms; Schroet (Thirumalachar, 1966), The main
differentiating character of Iolyposporium with that of
Sorosporium was attributed to the more permanent nature of  _
the époreballs composed of dark colored gpores. Subsequently
the genus also got recognition from other authors
(Schellenberg, 1911; Dietel, 1928; Liro, 1938; Ciferri, 1938;
Fischer, 1953; Zundel, 1953).‘ However, Fischer and Holton
(1957) failed :to find differences among well recognized
basidiomycetou's genera such as &mmz_igm, JTolyposporium,
Ihgsanhgza and Glomosporium, on the basis of permanent
nature of the sporeballs. This led them to conclude that
the diff erentilatlng characters had not been weli understood
and a better basis for séparating them should be found
out. Thirumalachar and Neergaard (1977) also doubted the
authenticity of differentiating the genera Tolvposporium
and Sorosporium on the basis of permanent nature of -
sporeballs. They were of the opinion that if the material was
old or in a poor state of preservation, lthe sporeballs would
easily crumble into separate spores which might mislead
the investigator to consider it as a Sorosporium.

It was Clinton (1906) who first pointed out that the
gpores in ;rp_lmsng_mm species held together by folds or
thickening of the outer walls., He suggested that the small



projections of the outer walls articulate with one another
with those of the adjoining spores t6 form the sporeballs
which were by no means permanent in the true sense.
Thirumalacher (1966) stressed this character as more reliable
in separating Tolvoosporium from Sorosporium than what had been
given before, He then outlined the differentiating characters
separating Sorosporium and Tolvposporium from Thecaphora.

In the former two gener'e{ the sporeballs are formed by the
aggregation of spores, while in Thecanhora, the spore 1s
multicellular’by septation, The two adjacent cells of

the spore have a common wall, Clinton's concept of the

genus Tolypogporium, with sporeballs and spores held together
by‘o.rticulating processes 0of the outer wall has been

accepied by several authors in the description of the genus
(Fundkur and Thirumalachar, 1952; Fischer, 1953; Thirumalachar,
1966; Ainsworth, 1971). Ainsworth (1971) summarized the whole
concept of description of the genus by describing

Tg' lyposporium as "Spores firmly united as balls by projections
‘from spore walls", If the Ainsworth's concept is to ve
accepted then in T, junci the type of the genus designated

by Voronin lacked this character and so Thirumalacher and
Neergaard (1977) after examinations of numerous collectior}s
of I, juncl including the Woronin's collection suggested

that the smut examined by Woronin was not Tolvposporium

but a Sorosporium and the original name S.junci Schroet,

was correct, 'I"hey further stated that as the type species

of the genus Iolvposporium turned out to be a Sorogporium,

which had been earlier described, a new nanie should be
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proposed with a new type species, to accomodate the genus,
The authors proposed to erect a new genus Tolyposporidium

Thirum, and Neergaard gen. nov. with the type species

Tolvoosporidium everniug (Syd.) comb. nov., syn.
Tolvoosporium evernium syd, on Paspalum distichum L. collected

irom Punjab, India, (Thirumalachar and Neergaérd, 1977)
The authors thus described six gpecies under the geﬁus
Tolyposporidium including the pearl millet smut fungus as
Tolyposporidium p@igilla.:iag (Bref.) comb, nov, However,

the genus did not get much recognition from the research
|

workers,

Tolvpogporium penicillaprige Bref., the incitant of smut
disease of pearl millet was described first by Brefeld (1895).
on Penicillarda sicata Willd.(-Pennisetun tvphoides) sent
to him in Berlin by A, Barclay from India. A fragment of the
type specimen was sent later by E, Ulbrich of the Berlin
Botanical Museum, where Brefeld's herbarium was deposited to
India (Mundkur, 1940). Collection of this smit have since
been made on Pennisetum typhoides at various places in India.
Since the early part of this century, I. penicillarige has
been described as a major parasitic fungus on pearl millet
in India (Butler, 1918; Ajrekar and Likhite, 1933). It
was also reported from Africa (Chevalier, 1931; Yen, 1938).
Wells gt 2l.(1963) described the fungus under the generic
name Iolyposporium. Of late, all the publications pertaining
to the fungus, describe it as I, penicillarise (Ramekrishman,
1971; SubbaRao and Thakur, 1983; Thakur et al.,1983a, 1983b).
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However, Vanky (1977) erected a new genus Moegziomyces for
this fungus. Supporting Venky, Chahal and Kumar (1985)

also described the smut pathogen as Piogsé;onggs penicilliarige
(Bref.) Vanky, based on the soril character without columella
and where spores firmly agglﬁtinated in many spored sporeballs
by surface ormahents appearing as irregular meshes. This
genus 1s yet tolget wide recognition and the popular name

I. penicillarise has still been preferred by most of the }

research workers,

242+ Symptomatology and biolosy of pearl millet smut

2¢2¢70 Symp tomatology: The smut constitutes an important

group of fungl affecting plant speciess They are so called
because they form black, dusty spore masses that resemble soot
or smut or the infected plant partse In nature the dikaryotic
mycel lum of most of the smuts gppears to be obligately
parasitic on flowering plants. According to Dufan-(1973),
there are about 1100 species of smuts that attack

Mgiosperms, Although some species are geographically confined
to relatively small areas, othles are found whereever their

hosts grow,

Tolvposporium penicillarise, Bref,, the causal agent
of smut of pearl millet is found in almost all areas of Asia
and Africa where the crop is grown, It is a floral parasite
and thus confines only to the inflorescence (Butler, 1918).
Ajrekar and Likhite (1933) also observed tha’b no other part
of the plant excepf kemel got infected when the plants were
ar"ciii.cially inoculateds They ofcourse did not rule out
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completely the possibility of successful infection through
pinpricks of the shoot., Howevér, they confirmed that no
part of the'hos.lt plant other than the grain developed the
sporeballs. Mundkur (1940) reported that the smutted
ovaries of pearl millet generally enlarged into 6va1 or
pear sha ped bodies of 3=4 mm long and 2-3 mm broad. These
bodies were bluntly round or conical at the gpex, and called
sori. They were chocolate-brown in colour and covered by a
tough membrane composed of host tissue. The sorli composed
of sporeballs, mostly of unequal sizes, Bhatt (1946)
conclusively proved that smut infection took place only
through the flower, His persistent attempts to cause seed=
ling, shoot and localized infections using various methods
by the spores and the mycelium yielded negative results,

He further stated that the young flowers showing no extemal
signs of the stigma or anthers were the most susceptable.
The later stages showed comparatively less infection and
finglly no infection was possible when the flowers had
been pollinated, Reporting for the first time the
occurrence of the disease in the USA Wells g% al.(1963)
stated that the disease could be recognized only in the
advanced stage when developing seeds and the 1ndividua11y
diseased ovaries protruded from the lemma and palea. They
found the diseased ovaries dark-green in colour with a
digmeter of 2-4 mm, about twice that of normal seeds. The
disease incidence in a spike v’aried from 1=2 ’sori per spike
upto 90% infection in a spike composed of several hundred

ovaries, OVaricolous nature of the pathogen has also been

l
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reported by several authors (Ramakrishnan, 1971; Rachie
and Majmudar, 1980; Thakur et al., 19832, 1983b).

2e2¢2, Blology: Literature pertaining to the reports of
laboratory culturing of pearl millet smut pathogen is rela-
tively. scanty. No work was initiated on this agpect until
1920. However, contrary to the earlier belief of difficulty
in vitro germination of gporeball, Ajrekar (1931) first
demonstrated that the sporeballs could be easily germinated
on boiled potato and boiled carrot slices. In the light

of above finding, Ajrekar and Likhite (1933) successfully
grew the fungus by placing sporeballs on commeal, bajrameal
and jowarmeal agar media, They detected very little

mycel ium in the fungal growth and reported that the growth
consisted almOSt.entirely of sporidia., Husain and Thakur
(1963) tried different media and found bajrameal agar and
jowameal agar quite suitable for isolating the fungus/ and
tryptone yeast-extract agar for optimum growth of the
organism, Bhowmik and Sundaram (1971) first reported
sufcessful cultivation of the pearl millet smut organism on
the common laboratory medium potato-dexmse-e;gar (PDA).
Tripathi and Bhaktavatsalam (1977) found Haskin's MB=50
medium to be the best for growth of the fungus followed
closely by PDA, In énutritional and physiosical study on
Tolvposporium penicillarise in yifro, Pathak and Shekhawat
(1980) grew the organism in seven synthetic media. Brown's
medium supported the maximum growth in terms of average
mycelial dry weight and sporulation followed by dextrose-
_asparagine-phosphate medium. The Op'timum temperature and pH
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for growth and sporulation of the fungus were 25°C and

745, regpectively. The fungus was also grown on 11 different
carbon sources. The maximum growth and sporulation occurred
on inulin followed by dextrose. Growth and sporulation

were poor on starch, glycerol, D-fructose, D-galactose,
sucrose and maltose, In an attempt to produce large
quantities of sporidial inoculum to facilitate large-scale
field inoculation Subba Rao and Thakur (1983) tested seven
commonly used semi-synthetic media to observe their

relative eificacy in supporting growth of the organism. They
concluded that large quantitles of sporidia could be produ-
ced on potato agar (PA) or Carrot agar (CA) and in shake
culture of potato extract or carrot extracts They reported
‘35°C to be the optimum temperature for maximum sporidial
grouth, In contrast to the findings of Pathek and.
Shdthavat (1980), the authors reported a purely sporidial
"growth of the organism in all seven media tested without

any trace of mycelium, The sporidial growth was successiully

maintained even after repeated subculturing.

Ajrekar and Likhite (1933) reported that the attack of -
the disease was more severe in wet seasons, than in the dry
ones and thus weather conditions during flowering was found
to play a major role in disease initiation and spread. This
vas later supported =nd confirmed by others (Bha’ct, 1946;
Patel and Desal, 1959; Bhowmik and Sundaram, 1971), Thakur
et a1.(1983b) conclusively showed that the relative humidity
(RE) curing the period from inoculation to disease assessment
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played a critical role for smut development and a significant
change in weather conditions can mgke any screening

'techniqwe ~ ineffective,

Butler (1918) reported the pearl millet smut disease
tov be air-borne, This has also beeh supported by many
authors (Ajrekar and Likhite, 1933%; Bhatt, 1946; Vasudeva
and Iyengar, 1950; Thakur et al., 1983b). Ajrekar and Likhite
(1933) also stressed the possible role of alterate hos}ts in
disease perpetuation, However, they themselves were unaple
to find out any such host, The authors observed that no
resting period was necessary for the sporeballs to germinate,
at least on artificial media. Vasudeva and Iyengar (1950)
confirmed this even on the host plant and suggested the
possibility of secondary infection alding disease spread
from a crop sown earlier to a later-sown crop. Thakur ef al.
(1983a), however, were of the opinion that since secondary
spread of the disease within a crop in the field were limited
to only the late nodal tillers so the grain yield was not
significantly affecteds Bhatt (1946) investigated the role
of seeds in initiation of the disease and concluded that
seeds in no way found responsible for initiating the disease.
He further stated that soil was ibund to serve as a potential
depository for. the smut spores where they would pass the
winter and in the following crop-~season geminate during
the rain and cause infection on g suitable host,

The possible role of pollination in reducing the disease
was emphasized by Bhatt (1946), He stated that 1f the - -
flovers were pollinated first before receiving' viable smut
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spores, the chances for infection were reduced to the
ninimum giue to withering of the stigmatic lobes., Thakur

et al.(1983a) supported this view and stressed the possibi-
lity of controlling smut in commercial F1 hybrids by provi-
ding encugh pollen at flowering time from smut-resistant
pollen donor lines,

2e3+ Variablldity in Tolyposporium penicillariae

Although it had long been known that within gpecies of
many iungl there were morphologically 'indistinguishable but
physiologically different lines or races but it was not until
1919 that the phenomenon was recognized in the smut fungi,
Kniep (1919) was the first to report difference in the
a,ppearance‘ of sporidial cultures of Qﬁj;_ilagg-yiolagga (Pers.)
Fuckel from different host plants., Zillig (1921) demonstra-
ted that pathogenic variation of this fungus could be '
difierentiated by their ability to inf ec;c certain members 6i
the family Caryophyllaceae but not othei's. Christensen and
Rodenhiser (1940) stated that the smut iungi within a species
could be divided into different groups on the basis of |
characters ofx artificial media, physiologic and ecologic
characters, bidchemical effects, and morphology. Holton
&t 21.(1968) were of the opinion that though variation was
pronouncedih‘mo!st of the smut fungi in both morphology and
physiology stili}. studies on variation :Ln the smu{: fungi
were confined primarily to the economically important smuts
of cereal crops and a few closely related specles that

parasitized grasses. Spore size, shape and colowrand
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exospore omametltation are considered to be the principal
criteria in species delimitation in the smt fungl

(Fischer, 1953; Duran and Fischer, 1961), Holton gt al.
(1968) reported that even within the same species variation
in spore colowpwas common in some Tilletis and Sphacelotheca
species, Variation in sorus characteristics is common to
several species and races of Tilletis (Fischer and Holton,
1957). Smuts are known to be highly variable in their
eifect on host plant development, Fischer and Holton (1957)
found that some species and races influenced markedly the
heizht of the host plant; others exert a pronounced effect
on proliferation or tillering of the infected plant, She
smuts of wheat, oats and sorghum were especially notable
for variation in this respect. According to Holton et al.
(1968) the greajtest variation in the smuts fungl is
diéplayed by haploid cultures on agar media. Fischer and
Holton (1957) sfated that even monogporidial cultures of
many specles usually varied widely in colony characteristics,
some of which might represent temporary response to
environment; the great majority however, were inherently

pemanent,

Variation in the‘ smut fungl has its most f‘undamental
impact on pathogenicity,Halisky (1965) stated that vthe
differential reaction of two or more host varieties could be
taken as indication in the degree of variation in virulence
of the parasite.  Pathogenic specialization was discovered

first in Uromyces yiol y a smut of the pink family
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(caryophyllaceae), in 1921 (Fischer and Holton, 1957).

Since then everﬁr smut specles investigatr-,d in this regard has
been exhibiting some degree of variation in pathogenity,
According to Holton gf 2l.(1968) variation in pathogenity

in these smuts is the key factor in the host~parasite inter-
action relating ito development of resistant varieties for

smut control,

There are so far no reports on variability in the pearl

millet smut pathogen, Iolypogporium penicillapiae,

2elte S psi in pearl mi

There has been very little efforts to screen and identify
resistance in pearl millet to smut. Murty et al.(1967) first
endeavoured to classify the world collectlon of genetic stocks
of Pennigsefum on the basis of its disease reaction to smut
pathozen and reported a few accessions from India and Africa
to be resistant, Pathak and Sharma (1976) screened 322
pearl millet lines, collected from different parts of India *
and found all the lines susceptible, However, on the basis of
variation in their reaction to the organism 11 lines were
reported to be moderately resistant, Sangwan and Thakur
(1980) categorised 318 commonly available genotypes of pearl
millet from different sources in Ihdia into different zroups
on the basls of their smut reaction, While they found one
inbred, 158 from Anna Panmnai, Tamilngu to be free from smut
infection the other 838 genotypeé were reported to be

moderately resigtant. . . A S
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- With the establishment of A1l India Co-ordinated Project
for Millets Improvement by I(?.AR in 1968 and the International
Crops Research ins’citute for the Semi-Arid Tropics (IéRISAT)
in India in 1975, systematic screening work involving large
numoers of germplasm Eollections to identify resistance to
smut in pearl millet was initiated and within a éhort span
of time considerable progress has been made towards identifica-
tion of stable sources of resistance. As a result of continuous
efforts on breeding for smut resistance, Thakur et al.(1986)
reported stabililty of resistance in few agronomically elite
pcaerl nillet 1in‘es which have shown high levels of smut
resisvance across different locations in India and Vest

Africa for several years.

2+5. Inhoritance of smut resistance:

Not much information is available on inheritance of
smut resistance in pearl millet. Yadav (1974) reported smut
resistance to be controlled by elther single or double gene,
His experiment with some local varieties revealed varied
behaviour in F1,F2‘am test cross progenies, Varieties
'Kota local' and 'Orawar local' showed monogenic incomplete
dominance, 'Jakhrana local' and 'T5' showed monogenic comnlete
dominance and 'Pratapgarh local' and 'Fatehabad local’
exhibited duplicate action of 2 genes for resistance,
Observation at ICRISAT center indicate resistance to be
governed by dominant gene (Unpublished), which is easily

transferrable.
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Along with resistance, for yield stabilisation,it
would be essential to combine tralts which confer high
productivity. It is an usual feature that primitive varie-
Hes that evolve in the centre of origin of the crop of ten
constitute the main source of resistance for diseases but
yield poorly (Leppik, 1970). Therefore, it would be
essential to charaqtérise the genetlcal architecture of »
population for yield and yield contributing traits, Most of
the tralts of economic importance in a crop plant are quanti-
tative in nature and governed by polygenés. Fisher (1918)
introduced the concept of additive, dominance and epistatic
gene effects and variance., Since then several statistical
design have been proposed by different workers to characterise
the inheritance pattern of quantitative traits on various
crops (Mather, 1949; Jinks and Hayman, 1953; Hayman, 1954,
1958, 1960; Jinks, 1954; Griffing, 1956; Kearsey, 1965; Jinks
and Perkins, 1970)., Of these, the diallel analysis is conside-
red to be a powerful fechnigue in resolving the genetic
constitution of parents in respect of quantitative

variation,

2.6+ Chemical control

The successiul gpplication of chemical fungicides for
the control of millet smut, caused by Ugtilago cramerd
Kcke., was reported long back (Hecke, 1902, 1903).
Subsequently, many fungicides were tested against the
disease by several workers (Melchetrs, 1927; Vasey, 1918;
Yu gt 21.1934). A few attempts have also been made ‘to
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control pearl millet smut by using chemical fungicides.

Two methods of chemical control of pearl millet smut
have been attempted, One is seed treatment and the other is
use oi foliar sprays to prevent the initiation and further

sproad of the disease.

24641, Seed treatment: Butler (1918) reported that the pearl

millet smut could not be controlled by seed treatment, His_.
attempts to check the disease by see‘d treatment with the use
of formalin, copper sulphate solution or even hot water
treatment had failed, However, several workers reported
ceresan and agrosan GN to be the most effective seed
treating fungicides against the pearl millet smut (Dey, 1949;
Anonymous, 1972). Bhaktavatsalam and Tripathi (1975)
reported carboxin to be very effective in reducing the smut
of pearl millgt when used as a seed treating chemical,

In a screening of nine fungicides, against the fmlgus,
Tripathi and Bhaktavatsalam (1977), later found that

captan was the most toxic fungicide for growth inhibition

followed by carboxin, ziram and oxycarboxin,

24642+ Foliar gprayving: \;Iells (1967) found two compounds,
2, 3~dihydro-5 cartoxanilido-6-methyl=1, 4=oxathin (DCMO) and
2,'3-dihydr6-5-;arboxanilido - 6-methyl-1, l4e=oxathin-4, |
Ledipxide (DCMOD) highly effective when used as head and
foliage sprays in reducing the incidence oi smut caused

by Tolvposporium penicillarise. Bhowmik and Sundaram (1971)
tested the effilcacy of certain systemic fungicides against
siut disease of pearl millet and found that plantvax at 2 g
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per litre of water was mogt effective in reducing the .
numbers of sori in inoculated ears followed by vitavax,
benonyl and ziram. Mathur et al.(1971) tested five fungi-
cides against naturally infected pearl millet plants and
observed that all the five fungicides redchd the Infection
and increased yield.considerably. ‘However, the heptaene
antibiotic, aufeoiungin was found to be the most efiective _
folloved by ziram and blitane, Pathak and Gaur (1975) on

the other hand,‘ did not find heptaene antibiotic as effective
as captafol, When sprayed on artificially inoculated plants
significant smut reduction was observed by captafol (2ppm).
Sharma and Sharma (1976) tested seven chemicals as foliar
sprays against smut and concluded that all the chemicals
reduced smut incidence and gave higher yield compared with
control, Zineb and the blend of mancozeb\and dinocap were,
however, found superior to other chemicals for s;mut coﬁtrol
and correspondingly gave higher yieldé. Chahal (1979)
reported OXycarboxin to be the best when used as a foliar
spray which redﬁced the smut incidence significantly.
Oxycarboxin was clposely followed by carboxin, captafol and

benomyl, 1

%%




MATERIALS AND METHODS

Investigations included in this chapter camprised
labo‘ratory, screenhouse apd field studies, While parts
of the studies relating to inheritence and variability
were carried Sut in the laboratory, screen house and
#leld of Millet Pathology section, ICRISAT Centre,
Patancheru near Hyderabad, the remalning studies were
conducted in the laboratory and field of Plant Pathology
department, Haryana Agricultural University, Hisar, Detalls
of the methodology in conducting these studies are presented

be:].ow.
30‘10 V 1 Patho
3s191s Collectio vat 0 olates: In an

attempt to study the variabdlity in the isoclates of pearl
millet st pathogen (Iolyposporiup pepdcillariae), smutted
pearlmillet inflorescence were collected fram six Itidian
locations (Tablei1).

Collections were made during October frem the
rainy season crops of 1985 fram the pearl millet cammercial
hybrid BJ=104, The smutted heads were sun-dried for two days
and than sealed in polytbene bags and presefved at 5-6°Q
in a refrigerator throughout the duration ot study,

341620 Morphologlcal studiess All the six isolates were
exanined to find out 1f there was any morphologlical difference
in spore ball, tellospore end sporidia among different
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TABLE 1

Isolates of I penicillariae used for the variabi-
lity study

Sre Isolate Host Source
No, genotype

1. HSR BJ=104  Department of Plant Pathology, Haryana
Agricultural University, Hisar.

2. ICR Bl-104 Millet Pathology, ICRISAT Patancheru,
Andhra Pradesh, tnata, -

3, JDH BJ-104 Central Arid Zone Research Institute,
J odhpur, Rajasthan.
4, JPR BJ=-104  Agricultural Research Statiom,
Durggpura, J alpur, Rajasthan.
5 LDH BJ-104  Punjab Agricultural University,ludhiana.
6e MGH BJ=104  Famer's field, Mshendragarh,Haryana.

HSR = Hisar; ICR'= ICRISAT; JIH = Jodhpur; JPR = Jaipur;
LDH = Ludhiana; MGH = Mghendragarh,
|

isolates, The detalls of the studies have been described
below, | |

3.1.-2.1. .Sy,o.r_ebal,l::Sporeballs were obtained by
crushing matured smut sorl on a cleen dry sterile Petri dish.
Thege sporeb_alls were then mounted on a drop of water '1n a
clesn slide with the help of a sterile forcep and the slide
was exanined under a campound microscope for colour, shape
and size of the sporeballs, In measuring sizes, 150 spore-
balls in different microscopic felds in three slides were
examined to get the mean value,

36142020 Tellospores: Teliospores were separated
fran the sporeballs by crushing them underneath a coverslip

on a clean glass slide. Observations were recorded on
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individusl teliospore for colour, shepe and diameter with
the help of a compound microscope. Mean data for diameter
were recorded fram a total of 150 observations in three
slides in different microscopic fields,

3e1¢2¢3¢ Sporidiat The sporidia used for the pre-
sent investigation were obtained fram 5 day old cutture of
sporeballs on Potato-agar medium at 35 C, The details of
culturing procedure have been described under ! ailtural
studies' in this chapter. 150 sporidia fram three different
Petri dishes were exgnined and mean value for length was

noted along with observetions on shagpe and colour,

341e3. Spore gemination studies:For this study, spore-
balls of all the six isolates were suspended in steriidlzed
distilled water in cavitir slides and the slides were kept
in Petri dishes lined with moist blotting paper and these
plates were then inaibated at 2 C. For each isolate three
replications were maintained, Obgervations on gemination
peréentage were made after 20 hours of incubation according
to the procedure described by Subba Rao and Thekur (1983).
In an another set of experiments, observations were made
regularly at D minutes 1terval to find out the optimum
gemmination time required by teliospores of different
isolates.

Zelolig Mjmﬂgg: Quitural studies for each isola-
te were donev on five dl fferent media comprising three cammon
semi-synthetic and two synthetic media, ‘

" 3etlelels Qultural medias The names and constitu-
ents 0f the media used in the present investigation are
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described below, Preparation procedures followed according
to @M1 (1953) end Subba Rao and Thekur (1983).
A, Semisynthetic medias
I Potato Agar (PA)
20 g peeled potato extract
15 g eagar-agar
11 distilled water,
II  Potato Dextrose Agar (PDA)
| 20 g peeled potato extract
D g dextrose |
15 g agar-agar
1 1 distilled water
III Carrot Agar (CA)
200 g peeled carrot extract
15 g agar-agar
11 distilled water
B, Synthetic medias
IV Brown' s medium
2,00 g dextrose
2,00 g asparagine v
1425 g tribasic potassium phosphate
0.75 g magnesimn sulphate
.00 g agar-agar
11 distilled water
v | Richards's mediums
10,00 g Potassium nitrate
5400 gPotassi.m dihydrogen phosphate
250 g magnesium sulphate
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‘002 g ferric chloride
50400 g sucrose
15400 g agar-agar
| 1 1 distilled water
The media were adjusted to pH 6, and autoclaved at 141

2 for 0 minutes in conical flasks, After sterilization,

kg @
2 ml of each mediumwas plated aseptically in 9 an diem Petri
dishes, On solidification of the media, the Petri dishes
were dwerted on the 'leminar flow table and kept oneupon
another in stack for 24 hours, after which these were exami-
ned and the contaminated dishes were discarded, These Petri
dishes, which escgped contamination were only used for the

1solation and multiplication of the fungus,

3e1ek4e2. Isolation and preservation of the fungus:
For routine isolation of the fungus and for multiplication
purpose potato agai‘ media was nomally used. Unruptured
mature snut sori were separated fram the inflorescence and
surface sterilized with 041% merairic chloride for 2 minutes.
These were then rinsed with sterile distilled water tudce
and crushed aseptically with help of a sterile forcep on a
sterile Petri dish to obtain the sporeballs, The sporeballs
were used to inoculate the medium in Petri dishes, The
inoculated Petri dishes were then ket for incubation for
7-8 days at 35°C under OW fluorescent lamps in a Percival
135 CC incubator with alternate 12 hrg light and dark.
Axenic culture of each isolate was transferred to PA slants
and stored in a refrigerstor, Periodic sub-culturings of the
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isolates were done regularly during the period of the
investigation, ] |

3e1e4e3s Eftect of different media on growths
Five day old culture of each isolate was used for this study.
The isolates were at first adjusted to a fixed sporidial
concentration (4 x 10° sporidia m1™") in sterile distilled
water to maintain uniformity, Then with help of sterile
micropipette measured quantity (0401 ml) of sporidial
suspension was inoaulated at one point of Petri dish contai-
ning 20 ml of medium and similarly in each Petri dish 5
di fferent sites were inoculated with equal quantity of spori-
dial suspension, Each isolate tested on each medium was
considered to be a treatment, Four replicationg were main-
talned for each treatment, For different treatment
separate micropipettes were useds After inoculation all the
Petr:l.y dishes were marked properly and k.qﬂ: in incubator at
35°C exposing to alternate 12 hrs light and dark, After 1
hrs, the plates were removed fram the incubator and observa-
tions were recorded for colour, type of growth and mean colony

"diameter of all the isolates separately.

3¢145. Phyvslological studies:

3e1¢5e1e Effect 0f tamperature on growth: Five day
old culmre‘o! each is0late was first adjusted to a fixed
sporidial concentration (4 x 10° sporidia o™ in sterile
distilled water, Measired quantity ( Gu0O1ml) of sporidial
suspension was placed at one point of the Petri dish containing
D ml of potato agar medium with help of g sterile micro-
pipette, Similarly four other different points of the Petri
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dish were also inoaulated with the sporidial suspension,
After inoculation, Petrl dishes were kept in inabators at
six different temperatures 15 C, 2'C, 25C, 30 C, 35 C and
p°C, For each temperature four replications were maintained.
The plants were provided with alternate 12 hrs light and
dark, After 120 hrs, thevse were removed fram the incubators
and observations were recorded for colour, type of growth _

and mean colony dizmeter of all the isolates,

3e1e502¢ Effect of pH on growth: Sensitivityto
H-ion concentration (pH) is known in different fungi and
isolates, Since the growth of these isolates was slow in
culture, an experiment was designed to determine the effect
of pH on growth of different isolates, The potato-agar medium
(PA) was adjusted to five pH levels (5 to 7) and equal amounts
(20 ml) of the medium fram each pH level were plated in
9 m diam, Petrl dishes, The dishes were inoculated with
equal quantity (0.01 ml) of sporidial suspension from stock
sporidial concentration (4 x 10° sporidia m1”1) of each
isolate at 5 different sites of a Petrd dish, Four replica-
tions were maintained for each treatment, The Petrl dishes
were incubated at 35°C with 12 hrs alternate lght and dark
for 12 hrs after which observations on colour, type of
growth and mean colony diameter of all the isolates were

recorded,

3.1'.6'&'231@;3&3&1_@“3: In order to elucidate patho-
genic variability in Tolvyposporjum penicillariae,pathogenicity
tests with different isolates were conducted under identical
conditions. Three resistant pearlmjllet genotypes,



PLATE 4, SHOWING SMUT INOCULATION TECHNIQUE WITH HELP OF
AN ATOMIZER AT BOOT-LEAF STAGE

PLATE 2, PATHOGENICITY TEST IN THE SCREEN HOUSE BY
REGULATING TEMPERATURE AND HUMIDITY AFTER SMUT
INOCULATICON
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IQPS 700~1-5-4, ICWPS 900-9-3 and IQPS 1500-7-32 and
three susceptible genotypes 833B, 834B znd 843B were inoa-
lated with each of the six isolates, in the screen house.

A commercial pearl millet hybrid BJ-104 which is well known
for ii:s high susceptibility to smut was also included as a
susceptible check. Inoculations were done following the
standard inoculation technique (Thekur gt al. 198 3b) a.t boot ~
leaf stage under identical conditions, using equal quantity

6 sporidia nl™ ! from

0f aqueous spordial suspension (1 x 10
5 day old culture of each : isolate. % earheads 0f each
genotype, in three replications were used for each isolate
whereas 10 heads of each genotype in each replication were
also inoculgted with distilled sterile water. Immediately
after inoalation, the heads were covered with perchment
bags and labelled properiy. Overhead sprinkler irrigation
for three times a day each of one hour duration was provided
to malntain high humidity. About 45 days after inolation,
inﬂorescences 0f each genotype, were harvested s_epara‘cely
for each isolate and scored for smt severity visually
using standard scoring scale (Pate3 ) on the basis of percen
tage florets converted into smut sorl as suggested by

Thakur et al. (1983b),

302, lpheritance Studd es:

The presenvt genetic investigations involved 6 diverse
and elite lines of pearlnillet obtained from the Millet
Pathology section, ICRISAT, Hyderabad. These lines were sele-
cted for the study on the basls of reaction to smut, diversity
in height,flowering,ear length and yield.



PEARL MILLET SMUT SEVERITY ASSESSMENT KEY

Percent Smut Incidenc

PLATE 3., PEARL MILLET SMUT SEVERITY ASSESSMENT KEY
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The distinguishing features of these lines are given
in Table 2. Thesg lines under reference have been numbered

fran 1 t0 6 and hereafter they will be referred to by their

nunber only,
TABLE 2

Parent number, name and distinguishing characters of the
pearl millet lnes used in dlallel crossing

Parent Nezme Smut Important agronamic
Reaction  traits

1 IQPS 900-9=3 R A tall, lodging-resistant,
average tillerinf long-
headed inbred. !oﬁ.s medium
maturing possessing :
medium - sized seeds.

2 IQMPS 700-1=5-4 R A tall, high-ylelding,
average tillering, medium
maturing inbred, It is
long headed with small-
sl zed seeds.

3 IMPS 1500-7-3-2-R A tall, average tillering,
late maturing inbred, It
has medium-sized heads
with bold seeds.

4 833 B S A dwarf, aversge tillering,
medium-maturing, mainteiner
It is long-headed with bold
seed, It produces lodging-
resistant hybrids,

5 843B S A .dwarf, average tillering,
early-maturing, maintai-
ner, It is small-headed
with medium-sized seeds.

6 834B S It is of medium helght
average tillering, eariy
maturing, ‘- loose-bristled,
meintainer, with mediun-
sized, heads with bold

- seeds.

R = Resistant;
S = Susceptible,




PLATE 4, A VIEW OF THE SMUT NURSERY WITH BAGGED PEARL MILLET
EARHEADS AFTER INOCULATION FOR THE INHERITANCE STUDY

PLATE 5, PEARL MILLET EARHEADS SHOWING RECEPTIVE STIGMAS
BEFORE ANTHER EMERGENCE :
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These pearl millet lines were crossed in all possible
teway canbinations ( excluding reciprocals) during rainy season
of 1985 at H,AU,, Hisar,

~ The 15 Fy8 and 6 parental lines were grown during post-
rainy season at ICRISAT center, Hyderabad, Each entry was
raised in row of 4 meter length, The nomal cultural practi-
ces were adopted, Selfing of the F1 progeni es wére done 1;0
get F‘2 seeds, Back crossing of 15 F1s wvith both the parents
were also magde to get BC1 and B02 seeds,

In the rainy season of 1986, the 15 F1s,‘ 15 Fos, 15BC1 s
and 15 BC2 S along with 6 parents were gfown in the field of
ICRISAT center, in a randomized block design with three
replications for each entry. Nomal cultural practices were
adopted throughout the growing period of the crop. At the
boot-leaf stage, 100 inflorescence of each parent and F1,
200 inflorescence of each BC,| and BC2 and 500 inflorescence
0f each F, were artificially inoculated with sporidial sus-
pension (106m1'1), prepared fram a virulent isolate, Check
was malntained by inoculating the heads of BJ=104, The method
of inoculation followed was according to Thakur et al. 1983b,
Just after inoculation, the heads were covered with perctmant
bags and labelled properly, Overhead sprinkler irrigation
was provided daily to malntain high humidity in the field.

302610 WW: For recording data on
folloving charéct;ers except smut, 10 random plants in F1 and
parents were used excluding border plants, For' smut, all the
inoculated 1nrlofescence were recorded for smut severity in

parents, F,s, F?_s, BC,S and BCZS'
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3e2¢1e1e Characters studieds

a) ‘Smut severitys The snut severity
was scored at the time of harvest on the basis of percentage
florets converted into smut sori with ald of the standard
dl agrem used for the purpose, ‘

b) Days to 50% boot leaf stage (DIBL):
Total numbers of days fram sowing to boot leaf stage of
each entry was counted when approximately 50% of the plants
achieved that stage,

c) Plant helghts The plant helght was
measured in ¢m fran the base of the plant to tip of the ear
0f the main tiller at maturity,

d) Ear length: The main ear of each plant
was measured in cn fram its base to tip, ,

e) Number of effective - tillers. The
number of ear-bearing tillers per plant were wlmted, at’the
maturity of the crop.

£} 1000 grain welghts 1000 grain wel ght
was taken in graﬁ with help of a single pan »electrical balance,

g Yield/plant: Yield of 40 randmly
selected plants were teken in gram and welghing was done with
single pan electtical balance. The value was later converted
to yleld per plant basis.

3 Statistdcal Proceduress |
All quantitative data relating to different investigations
were statisti callsl' analygsed, Data were computerised on Tfax
Digital Computer system at ICRISAT Center, Hyderabad, Data

on per cent record wére subjected to statistical analysis
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after angular transfomation. The method of enalysis of
varimcé for Randamized Block Design was according to Panse
and Sukhatme (1967) and LSD calculated at 5 per cent and
1 per cent level of probabdlity. The partitioning of total
veriance into different components was done as shown in
Table 3 |

TABLE 3

Partition of total variance into camponent variances

Source deZe M.S.S.

Repli catiop -1 Mr _ﬁlz_
’%‘re»atnen‘l_: t-1 . Mg %%
Error (r=1)(t=1) Me

Where,

r = number of replications

t = number of treatments,
Mr,Mt and Me are the mean sun of squares due to replication,
treatment and error respectively., The replication and treat-
ment variance aré tested agalhst tnelr corresponding error
variance, using F test at their respective dégree of freedm
gt P = 0,05 and 0401s "

3e4s Diallel Analy sig:

The inheritax!me studi es were performed usi'ng diallel
analysis Iolloﬁing Griffing' s method 2, model 1 (1956) and
Haymen (1954), detalls given by Singh and Chaudhary (1977).
The analysis is based on the following aSMpti‘ons. (1)
Homozygosity of the parents, (1i) diploid segregation
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(111) no genotype x environment interaction (iv) no q:istaéis
(v) nomultiple alleles and (vi) no linkage.

3ol e Graphical analygis:

The grephical analysis was done as described by
Hayman (1954). For each character, Vr, VWr grephs were prepe-
red. Vr is the varlance of all the off-springs of each array
and Wr is the covariance of each array with the non-recurrent
parents,

Wr values were taken on x axis and Vr values were
teken on y axis, A parabola line was drawn which gave the
limites for Wr, Vr points. The limiting parabole of such a
graph was constructed with the help of W:c':2 and the regression
line was drawn by Wr values which fitted best to the point
of origin, The description of graphic analysis was done as
described under, |

1) If regressdon line intersects the Wr axls well
below the point of origin, it suggests the presence 0f over
daninance.

i1) 1t regression..iine intersects the Wr-axds
through the origin, 1t susgests complete daminance.

111) If the regression line intersects the Wr-axls
above the point of origin, it suggests partial daminance.

iv) If the regression line touches the parabola
limits, it suggests no daninance.

v) Parents falling near the origin show prepondere-
nce of daminant and thdse falling awgy from the origin show
preponderance of the recessive genes.

vi) A glgnificant 'b' value shows that there are
interaction of genes in the parents for particulgr trait,
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3e4e2. Testing of hypothesis:
The diallel theory is based on certaln assmptions.
The validity of the hypothesis was tested by foilowing tests.

1. t° test as suggested by Hayman (1954) for
testing the uniformity of Wr.Vr velue.

42 _B=2 , (Var, Vr-Var,ur)?
Var, Vr x Var, Wr-Cov< (Vr, VWr)
The value computed is tested ageinst the table value of F

with &4 and (n~2) degrees of freedam, vhere n is the number
of parents, Signi ﬁcant value indicates faiiure of atleast
one of the hypotheses postulated,

2. Test of significance of bs The significance of
difference of 'b' from zero as well as fram unity was tested
by using 't' test; t= beO/SE 0f b and (1=b)/SE of b with n-2
degree of freedam where n is the number of observations., 1f
'b' deviates signélﬁcantly from unity, presence of epistasis
is indicated,

|
3eke3s Component analvsis ,

The following genetic components of variation
were camputed edopting the method given by Jinks and Hayman
(1953) and Hayman (1954).

D = VOLQ.E

F = 2VOLO-4 WOLO1-2 (n-2) E/n
q = VOLO-4 WOLOY 4 4VALY - (3n-2) E/n

H, = 4V4L1-4VoL1-2E

h? = KML1-MLO)2 - (n-1) E/n®

The statistics in the above formulae may be
explained as follows:

VOLO = Variance of the parents
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Vr = Variance of the rth array
ViL1 = Mean variance of the array

Wr = The covariance between the parents
and thelr off spring in the rth
array. '

WOLO{1 = The mean covariance between the
parents and the arrays
VOL1 = The variance of the means of array,
(ML1-MLo)  The difference between the mean of
the parents and the mean of their n®
progenies,

E = The expected environmental camponent
of variance vhich 1s obsgerved fram
analysis of variance for design,

The environmental component of variation(E) was calcule-
ted as suggested by Aksel and Johnson (1963). The remaining
genetic camponents were calculated accordiﬂg to the diallel
analysi's proposed by Hayman (1954). These ares

D = Camponent of variance due to the additive effects

of the genes.

Hy = Component of variance due to the daminance effects

of the genes,

5 = (H1( 1fU-\f)2 where,
U .= Proportion of positive genes inthe parents,
V= Proéortion of negative genes in the parents.
h? . Net dominance effect (as the algebric sun over all
loci in heterozygous phase in all crosses).
F = It indicates the relative frequency of daminant and
recessive alleles in parents, It may take negative
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(=) sign it there is an excess of recessive alleles
or the positive (+) =ien indicating excess of
dominant alleles, The value of F will be zero is
daninant and recessive alleles of each gene are
distributed equally zmong parents and the relation-
ship of H,,H, and h? vd1l be

2
H1 =H2=h

3ebelty Estimation 0f standard error of genetic cunponentsz

The standard errors, to test the significance of
the six componerltsl(D,H1;H2,h2, F and E) of varlationli sted
above, were calmléted using the equation. 1/ 2 var.(Wr\-Vr) =52
vhich was used as common multiplier, Now fram Hayman's
(1954) Table 1 the specific multipliers for each camponent
was calaulated, Considering n=6, these were;

For D; 1417 = (n° + lll‘)/n5 .
F; 6.96 = (4n° + 200 - 1603 + 16n9)/n>
Hy; 7452 = (0% + 4™ - 1207 + 0?) o
Hy 6400 = (360%)/0’
h2; 2:72 = ('16‘nh + 1602 - 32n + 16)/1'15
E; 0.17 = n'Y/n°

30445+ Estimation of components of variation of ,F2:
The components of variation of F, were estimated
by the formula given by Jinks (1956). The expected statistics

for F2 generation are the same form as those of F1 except

that of contribtution of h is halved by one generation of
inbreeding, For this reason the coefficient of H, and H, ere
% of those of the F1 statistics, while the coefficient of F
is helved, belng second and first degree of statistics in h,
respectively (Jinks, 1956; Hayman, 1958;Mather and Jinks, 1971).
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3ebebe Tegh of significonce of camponents of varlations
The signi ficance or the various statistics was te-

sted by 't' test at n-2 degree 0f freedam. Here n is the num-
ber 0of parents,

t =
S,E.0f parameter
3eke7e Proportion of genetic componentgs

The different proportions of the genetic camponents

are worked out according to the procedure given below,

3ebeTe1. Degree of daninance: The m ean degree of
daninance inF, was calculated at (H1/D)%~ (Hayman, 1954) and
in F, it was '} (H.‘/D)"} following Verhalen gt al.(1971).
In case of F, (H,'/D)’15 =0 (no daminance)

1 ( complete daminance)
'3 1 (over ¢mminance)
£ 1)0(Partial daninance)

3e44Te2¢ Proportion of genes with positive and
negative effects in the parentss

It was calculated by the ratio (H2/11H1).
It denotes the mean product of Ul and Vi aversged over all the
parents of a diallel set of crossese When U and V are
symmetrically distributed, i.e., UsVz 0,5, the ratio will give
the value of Hz/lu!'l.l = 0625

304, 7e3e Proportion of daminant and recessive
genes in the parents: It was calculated by the following

formulae,

(@ 3 )& + F

For F, = =—02L : ; and for
Yo (o)

1-F

(4 (gt o3

(: (s )b -3 F
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If the ratio=1 (equality of dominant and recessive genes)
= 31 (excessive dominant genes)

= 1 (excess of recessive genes

3¢4.704, Number of groups of genes which control
the character and exhibit dominance:

It was calculated by the following formula.
2
h®/H,

It is an spproximate measure of sets of genes exhibiting
dominance, '
3elteTe5e Estimation of heritability:

Heritability in narrow gense defined as
the ratio of additive/or additive x additive genetic variance
to the total phenotypic variance., For F,] it was estimated
by using the formula glven by Singh and Chaudhary (1977).
(%)D+(%)H1 - (%)Hz-(%)F_ .
(3)D+(3)E, = (2)H,~(3)FE

Herd tability (F1)

and for F2 1t was calculated following Verhalen and Murray
(1969).

4D
Herd tabili ty (Fz) = . '?"5 HT- g o
Jeke8s Combining ability analvsis:
The combining ability analysis was carried out
by the procedure given by Griffing (1956), Method 2 and Model
1 was used for the present study. Method 2 was applicable to
the present situation as parents and one set of F1s were
included while reciprocal F,s were not.
The mathematical model for the combining ability in Model.
I is assumed to be:
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Xij = I + gi+sj+sij+1/§c $ 13kl

i’j =1’2’.000.0P’

'k = 1,2|. Y
i = 1’2,0 oo o 0 0o o C
Where,

m 1s the population mean, g'i(gj) is the general combi-
ning ability effect for the ith (jth) parents, sy4 is the
specific ability effect for the cross between the ith and jth

parents such that 81§ = Sy and ©j 4kl is the effect of
1jklth observation,

3e4eBe1e Estimation of the combining ability variance:
General and specific combining ability
variance were estimated by the following formulae.
The sum of squares were calculated as follows:
S, = 1w [e(xge + xii)2 -4 x% . .]
s g %y3° = Ume2 Glxy |+ x44)? 4+ 2/(n1)(ne2) 2

[¢2]
[}

Sg = the sum of squares due to general combining
ability

Sé = the gum of squares due to specific combining
ability

n = the number of parents.

x4 = the total of the array of 1th parent,

X4 = the mean value of the ith parant, -

Xes = the grand total of ¥p(n-1) progenies and

parental values and

the progeny mean value in the diallel table.

|

>
-
Ci
u
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Analysis of variance table for combining ability giving
expectations of mean squares was set up as follows: '
TABLE 4

Expectation of mean squares for general and specific combining
ability

SouI'Ce d.fc M.SISO Ex‘pectatiOn of mean
squares
General combining n-1 M ¢ 2 «(n+2)(1/n-1) Egiz
ability - 8 e
Specific combining n(n=1) M 6 2«(2/m(n-1)§¢s, T
ability 2 S & J
3
Error . n M, §°2
e
e
Vhere,
n = number of parents

Mgy Mg,Mg are mean sum of squares (variance) due

to‘ GCA, SCA and error respectively.

The mean sum of squares of general combining ability and
specific combining ability were obtained by divid;ng thelr
sun of squares by respective degrees of freedom. The error
mesn squares (MJ) for combining ability analysis was obtained
dividing error mean square (Me) obtained from the general
analysis of the experiment by the number of replications,

For 'F' test, each mean square was tested against M “at n,
and n, degree of treedom,

3,4,8,2 Estimation of general and specific combi-
- ning ability effects:

The various effects of general and speci-
{ic combining ability were estimated as follows}
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General combining ability effects of ith parent:
8 = ne2(xy +xgy - 2/nx..)
Specliic combining ability effects of 1jth cross;
Sij = x13-1/n+2 (xi. +Xgy o+ Xy o+ xij) + 2/(n+1) (n+2)
Xo's
Where,

n, xi, X;4 and X.. are same as explained above.

30 ka9 h 1 s B

Standard error of the estimates was calculated as
the square root of the variance of the estimates, The varian-

ces of the various estimates were Ealculated as follows:

6 2. Me:variance(U) = 'Hrf:TT 62

énﬂ; 2

nin+2 6

Variance (s;.) (ing%iZLT-‘ g2
a 813/ = (n+1)(n+2

Where n is the number of parents and & ? = Me/.

Variance (xij)

Variance (gi)

3eb4e10, Critical difference:

Critlical difference used to test the significance
of difference oflthe two estimates was taken as product of the
't! for error degrees of freedom and the standard error of
the difference of) the two estimates taken as the square root of
the variance of the difference of the two estimates, The
variance of the difference of the two estimates was calculated

as follows.

§ariance (81'33) = rﬁzgy- ¢ 2 for general combining
ability (1 # 3) estimates of

different parents.
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Variance (Sid - Sik) = neo 62 for specific combining
ability estimates within

(1455 k)
arraye.
Variance (Sij-skl) = "(ﬁ"z'f 62 for compalring two specific
(143,k,1; 3#&k,1; kA) combining ability effects.

Where, n is the number of parents and 6 2. Me*/

3.5, Studies with Fungicides: o
35.1. lest fungjcides:
Seven promising systemic as well as contact
fungicides of different chemical composition, were selected

to test their efficacy against Tolyposporium penicillarise.
The characteristics of these fungicides are glven in Table 5.

305¢2¢ In yitro studies:

Different concentrations of each fungicide wer
prepared on active ingradlent basis by dissolving in sterile
distilled water as suggested by Nene and Thapliyal (1979).
In case of acetorie soluble fungitoxicants initiglly 20%
acetone solution was used. Subsequent dilutions were pre-
pared in gterile distilled water. Aftsr adjusting the
dilutions to tﬁe required concentrations, the fungiéides
were used to study the effect on teno§pore germination and
growth of the fungus, '

34562+ 1 Effect of different fumgicides on
teliospore germination:

A virulent isolate of Tolvposporium
penicillariae from the rainy season crop of 1985 from the
pearl millet hybrid NHB=3 was used for this study. Matured

smut sorl from the affected inflorescence were carefully
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crushed in a sterile Petri dish to get teliospores. Teliospore
suspension was made in sterilized distilled water. The
concentration Qas so adjug,ted that each drop on an average
contained 10-15 'teliospores under low-power microscopic field.
For the present invest igation, the fungitoxicants were adjus-
ted to 0, 1, 50, 100, 200 and 500 pz/ml on active ingredient
basis. 2 ml of each of the fungicidal solution (of double
concentration) was taken in a clean sterile test tube and 2 ml
of standard spore suspension was added to 1t to make required
fungicide sporé concentration. A drop of mixture of fungi-
cide and spore was placed on a clean and sterile glass cavity
slide, The slide was kept in a Petri dish lined on both the
Sides with moist:ered filter paper. Three replications with
three Petrl dishes in ¢ach replicate were maintained, Zach
Petri dish had two cavity slides. Controls were maintained
with teliogpores in sterile distilled water. | All Petri dishes
were kept in an incubator at 30°C for 30 hours. After the
required incubation period, a drop oi' lactophenol was put on
each cavity slide to arrest any further germination. Then,
teliogpore germination was recorded and the percentage of
inhibition of germination with respect to control was caloula-
ted by the following formula.

| Germination in « Germination in fungitoxicant

control (%) solution

Per cent' = . —x 100
inhibition Germination in control (%)

3.54202, Effect of different fungicides on fungal
growth:’

Potato agar medium (pH 6,0) was used as
the growth substrate for this experiment, Desired volumes of
the individual fungicide were incorporated aseptically in
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100 ml cooled (40°C) steriled medium in 250 ml flasks to

give final concentrations of fungicide in the medium to 0,10,
20, 30,40 and 50 Mg/ml, on active ingredient basis,

20 ml of ea;ch resultant mixfures ‘was poured into a
sterile Petrd dish (9 om diam) and allowed to solidify., Each
dié,h was then inoculated centrally with .0/ m1 of inoculum
of sporidial concentration 6 x 10° sporidia m1'1, taken from-~
the 5 day old Igimspmm penicillardae colony growing on
potato agar mediym, The inoculated petri dishes were incu-
bated at 35°C and colony dlameter was measured after 120
hours. . Three replicates consisting of 6 dishes were used
for each concentration of a fungicide together with fungi-
cide-iree control dishes,

345¢3s Foliar soray:

Different fungicides selected for earlier experi-
ments were also used as foliar spray in recommended doses,
in the field trials on artificially inoculated plants in
order to determine their relative efficacy in reducing the
smut severity so that more effective fungicides against the
disease could be identitied, The details of methodology have
been described below,

345 3s1s Pre=inoculation spray: (at oot ewmengence smye)
For this investigation, plots of 3x 2 m
size were planted with susceptible hybrid NHB-3 in a Randomi-

zed Block Design with three replications. Each plot was
used for a single treatment. An individual treatment was

assessed on 25 plants taken at rendom, Earheads that were
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ready for emergence from the boot within next 48 to 72 hours
were protected from outside contamination by covering .them with
pollination bags, as suggested by Pathak and Gaur (1975).

The plants were sprayed with fungitoxicants éh hours before
inoculation on thé upper foliage including the ears until
dripping wet by telmporarily lifting the papér bags with due
care to avoid iunéicidal drift to adjacent plots, Plants in
control plots were sprayed with water only, After 24 hours, -
5 ml of tellospore suspension was inoculated fo the boot

with help of an atomizer as described elsewhere, An uniform
teliogpore suspension was earlier prepared by soaking 300
surface-sterilized green sori in 2 litres of sterile water
for 24 hours followed by straining through sterile mulsin
cloth, After inoculation, the heads were sprayed with a fine
mist of water and the bags were replaced to maintain high
humidity, Considering the climatic condition, regular spray
of water fof 2~3 times a day was carried out throughout the
duration of experiment to maintain required umidity. Data
on gmut severity, were recorded after complete grain formation
according to the standard smut severity assessment key stated
earlier and the mean disease severity was calculated, The'

per cent values were transformed into angular values (Sin-1

jpercen’cage Infection) and the data were subjected to statisti-
cal analysis. Relative efficacy of different fungicides in
reducing smut severity was determined on the basis of control.

3,532, Post-inoculation spray:(aF feot-ewengener dhye,

For this investigation, different numbers

‘of post-inoculation, sprayings varying from -4 were done on



47

adtificially inoculated plants in separate experiments, lald
out in Randomized’ Block Design with 3 replications in order

to find out the optimum numbers of post-inoculation fungicidal
sprays to reduce the smut severity effectively. In each
experiment, 25 plants taken at random from a piot of 3x2m
size meant for each treatment were inoculated first with an
uniiorm teliospore suspension prepared as described earlier.
The inoculated heads were bagged immediately and high humidit;
was maintained by water spraying. 24 hours after the inocula-
tion, foliage including the ears were sprayed with the fungi-
toxicants by carefully 1ifting the bags. Bags were replaced
alter the spraying, Relative umidity was maintalned above
70% by regular spray of water for 2=3 times a day. The 2nd,
3rd and 4th spray were done at 7 days interval from Ist,

:d and 3rd gpray respectively, Data were recorded once grain
formation was complete and effectiveness of different numbers
of post-inoculation fungicidal spray was determined by |
analysing the data statistically atter angular trensfirmation,

345¢3e3. Pre-inoculation followed by post~
inoculation spray{at bool ewengemes dh}(.)

In order to, find out the possibility of
controlling the pearl millet smut with a suitable combination
of prophylactic and curative sprays the present investigation
was planed. Separate experiments consisting of plots of
3 x 2m size in 3 R,B,D, design were lald out to assess the
fungitoxicants in thpeedifferent combinations, In the first
| experiment, one pre-inoculation spray was followed by a single
dose of post-inoculation spray. In the other twa. experiments,
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One pre-inoculation spray was followed by two and three
numbers of bost-moculation spray at an interval of 7 days.
The method of inoculation and spray procedures followed
were as described garlier. In all the experiments plants
in the control plots were 'sprayed with water, High humidity
was maintained throughout the experimental period. Data

on smut severity were recorded once the grain formation was
complete and the mean disease severity was calculated. After

aresin tronsformation the data were subjects=d to statistical

analysis and eificacy of different fungicides in different

combinations was assessed on the basis of control.

KN




EXPERIMENTAL RESULTS

Results obtalned on the investigations entitled
"Studles on pearl millet smut with special reference to
pathogenic variability, inheritance of resistance and chemical

control" are presented below,

k.1 Studies on Varisbility in the Pathozen
he?e1s Moppholozical Studieg:

Sporeballs, teliospores and sporidia of each
igolate were studied separately under a compdund microscope
for diiierences in morphological characteristics. Observa=
tions on each 0f them have been detalled beiow.

ly1s131s Sporeballs: |

Three characteristics ‘viz., colour,
shape and size of 150 sporeballs from each isolate were
nicroscopically studied, It was observed that there was no
variation in colour gnd shape of the sporeballs among
igolates. The compact sporeballs in all the isolafces showed
dark=brows to brownish black colour while the shape was
seni-circular of irregular, Measurement of length and
breadth of sporéballs revealed variation among 1golates,
However, on the basig of these variations the 1solates could
not be effectively classified into different groups, Spore~

ball size of Mghendragarh (MGH) isolate was found to be
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the largest followed by Ludhiana (LDH), Jodhpur (JDH),
ICRISAT (ICR), Hisar (HSR) and Jaipur (JPR) in thatorder.
Mean size of sporeballs of each isolate glong with their
range are presented in Table 6.

TABLE 6

Size (Length x breadth) of sporeballs of Tolyposporiupm
penicillariag isolates

Isolate Size 2 (u)

Mean Range
HSR . 1192 x 90.8 [*909“216 o x Ll'106"'17409
ICR 13265x10245 41,6-258.2 x 4106"16606
JDH 13343 X 9745 5060=27449 x 41,6=16646
JPR 11542 % 8945 491,9=233,2 % 3F,F3m133,2
LDH 14540 x 11048 584325842 X 584322449
MGH 21146 x 16146 8363=3T4e8 x T5:0=333, 2
SE(m)z 0,86 x 0,59

LS4Du(0405) 2464 x 1,82

a = Based on measurements of 150 sporéballs.
| 4ie1e1320 Teliospores:

Observation on teliospores of different
igolates, revealed no marked difference in colour and shape
of the spores among the isolates. The colour of the individual
tellospore of all isolates was found to be brown to yellow-
ish-brown while the shape varied from globose to sub-glubose,
Mean diameter of the teliospores, besed on mea'suregneﬁt of
150 teliospores.A however, :;evealed veriation 'gmong the
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isolates (Table 7)., It was observed that the diameter of
MGH isdlate was maximum followed by IDH, ICR, JDH, HSR and
JPR isolates respectively, It was also evident that there
was no definite correlation between the size of the sporeball
and the dlameter of the teliospore of the isolates. There
was also no variation among the isolates in regard to numbers
of exospore thickening, All the isolates were iodnd to
possess =5 thickenings on the exospore of the teliospore.

TABLE 7
Dismeter of teliosgpores of A pgnigilla:i'ag from
.diiferent locations (isolates
Isolate Diasmeter & (n)
Mean Range
HSR 104 740 = 13,0
ICR 10.8 8,0 = 140
JDH 1045 740 = 14,0
JPR 9,3 6.0 - ;13‘.0
DH 1142 6,6 = 14,0
MGH 12,0 8,0 = 18,0

S.Eu(m) £ 0405
L.S.Des (005)0,18

8  Based on measurements of 150 teliospores
h.1r.1?:.3'.' _Sporidia: ’
The sporidia of each isolate were obtal-
ned from 5 day old axenic culture on potato agar medium._ |

Observation on colour and shgpe of individual sporidiun of
each isolate revealed no characteristic variation, Sporidia
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were hyaline for all the isolates and were single-celled,
Sporidia were spindle-shaped in gll the isolates. However,
their length varied in different isolates (Table 8); It is
evident from the result that the sporidia of MGH isolate were
the longest followed by ICR, IDH, JDH, HSR gnd JPR isolates
respectively. However, no definite correlation of length
0f the sporidia with size of the sporeballs as well as
diagneter of the teliospores could be achieved.

TABLE 8
Length of sporidia of Tolwmosgoriun penicillariae from
different locations (isolates) .

Length 2 ()

Isolate Mean " Range

HSR 1440 1040-21,0
ICR 165 840-22,0
JDH 1445, 840=25,0
JPR 13.0 9'40=18.0
IDH 1540 1040=25'0
MGH 20,0 1040=25,0

S.E.(m) £+ 0.24 |
L.S.Ds(0.05) 0473

2  Based on measurement of 150 sporidis,

4e1.2. Spore Germination Studles:
Two ~1:3;"1;>é=e. of gemination studies were conducted.
In the first experiment, germination of aggregated teliospo-
res ( sporeballs) for each isolate was calculated after
20 hrs of incubation at 30 C, In the second experiment,
regular observaltions weré made at half-hourly interval to
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1ind out the threshold time of germination for different
isolates. The results of both the experiments are presented
in Table 9% It was observed that the mean percentage of germi-
nation of s;mreballs of the ICR isolate was maximum followed
by HSR isolate without any significant difference between
them, Gemination percentage of ICR igolate was however,
significantly higher than the other isolates except that 3
from HSR, There was no significant difierence' in germination
percentage between HSR and MGH isolates but both of these
isolates showed significant difference from IDH, JDH and JPR
iéol.;ﬁes. The germination percentage of JPR isolate was found

to be thello»vest.

TABLE 9
Germination percentage and threshold time for gemination of
sporeballs of different isolates of Tolvposporium penicillariae
Mean germingtion 2 Threshold time for

Isolate ?X‘}lﬁ germination b (hr,)
HSR 5000 10430

ICR - 5#.'00 11,00

JDH 261,67 11430

JPR 2l433 13430

LDH 33430 11330

MGH 48,00 10,00

S_.E.(m) I 1045 0.25

L,8,D.(0405) 4455 0478

a Mean of 600 sporeballs in 3 replications.

b A sporeball was considered germinated when atleast one
pronycelium had emerged,
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With regard to the threshold time for germination, it
was obéerved thatl'l:he minimum time required for gemination
of aggregated teliospore was 10 hrs in MGH isolate followed
by HSR isolate (10.30 hrs.) without any significant difference
between them, However, threshold time in MGH isolate was
signi:‘iqaxltly different from the other isolates except‘
that of HR, The maximum threshold time was found in JPR
isolate (13430 hrs.). There was however, no definite
correlation observed between mean germination percentége and

threshold time for germination,
b4e1s3s Culiural studies:
Lete3e1e Effect of different media on growfh:
Five dififerent media, comprising three
semi-synthetic and two syhthetic were used to study the growth
characteristics of different isolates. The media in Petri
dishes were inocuiated with equal quantities of uniform
sporidial suspension from each of the isolates After 120
hrs of incubation it was seen that, all the isolates produced
typically sporidial type of growth in all the media tested
without any trace of mycelial growth (plate8). There was
however, no marked variation among the isolates in respect
of colony characteristics on different media, Table 10 shows
the common growth éharacteristics of all the isolates tested

on different nutrient media,

Measurement of colony growth after 120 hours of incuba-
tion at 35°C showed that potato agar medium supported maximum
growth of the fungus followed by carrot agar and potato
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TABLE 10

Cultural characteristics of isolates of Tolyposporium
penicillarisg grown on different nutrient media at 35°C.

Med iun Colour Margin  Tiopography
Potato agar White Wavy Flat,broadly
A ridged
Potato dextrose agar Creamy Entire  Raised
Carrot agar Dull white Entire Ralsed -
Brown's medium Duil white Entire Flat
Richards's medium Creamy Wavy . Flat

dextrose agar (Table 11). Both the synthetic media viz,,
Brown's and Richards's however, supported poor growth of the

fungus,
TABLE 11
Colony dlameter of the isolates of Iolvposporium penicillariae
grown on different nutrient media after 120 hrsj,.
Ig0 :
Media HSR" ICR D JPR IDH MGH  Mean

Mean colony diameter®(mm)

Potato agar 13;8 .1307 1342 ‘ 13oh 13.0 ’ 1365 130&

Potato dext- 848 845 84 845 8¢5 9.0 8.6
rose agar

Carror agar 12.4 12,4 123, 12,5 124 12,3 12.4

Brown's 6.0 640 692 5¢8 642 62 641
med ium ,

Richard®s %0 41 B 39 K2 Ll b
medium ‘ v
Mean . 9%0 8}9 8.8 8.8 8:9‘ 9%0
S.E,(m) # ¢ Media = 0407; Isolate = 0408; Media x Isolate=0s31
L, 3D, (0.05): Media = 0.17; Isolates0'421; Media x Isolates0.86

a = Based on measurement of 20 colonies in 4 replications.
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It is clear from the results that statistically there
was no differences in growth among the isolates studied.
All the isolates produced similar type of colonies on a
speciiic medium and colony differences in colour were also
indistinguishable, Other growth characteristics l.e. type
of growth, shape of the colonies also revealed no variation
as well, It is also evident from the results that the . -
semi=synthetic media are better than the synthetic media for
culturing of the fungus and potato agar and carrot agar
medla are still better than potato dextrose agar.

V

We1elis Physiolosical Studies: _
Lke1elie1s Effect of temperature on growth:
Potato agar medium was used as a growth
substrate for the present study. Equal quantity of uniform
sporidial suspe‘nsion from each isolate was inoculated on the
nediun in Petri, dishes and the dishes vere kept at six
diiferent temperatures, After 120 hrs of incubation, the
Petri dishes were examined for colony growth, It wes obser-
ved that the maximum growth of the fungus on potato agar
medium dccurred at 35°C in all the isolates, whereas at .40°C
the growth was found to be minimum (Table 12)., Results
indicate significent effect of temperature on the growth
of the fungus. On increasing trend of temperatures from
15°C to 35 C, the growth gradually became profuse and at
35°C it attained maximum but at 10°C drastically reduced.

0
At lower temperatures, i.e. 15°C, 20 € and 5 C initia}ly
the colonies remained dull and as the incubation time increased
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TABLE 12

Colony diameter of the isolates of Tolyposporium
pendcillarise on potato agar medium at different temperatures
of incubation , .

Temperature ( C)

Isolates 15 20

Memﬁcolcngodiametgza(mm)ho ean
HSR 61 1045 1261 130 135 B0 9.7
ICR 640 1048 12:1 133 133 3.1 9.8
JDH _ 6%1 106 12,0 13,2 134 29 9.7
JPR W9, 1043 1203 1302 1%h 31 947
IDH 641 1046 1202 133 13.6 3.2 9.8
MCH 6401 104k 124 13,2 133 3.0 9.7
Mean 6.0 10.5 1242 1302 13.4 3.1

SeEe(m)t ¢ IsOlafe-.—O.OE; Temperature = 0,05;
Isolate x Temperature = 0.17
L.S.D.(0.05): Isolate = 0.14; Temperature = O.14;

Isolate x Temperature = 0.46

2 Based on measurement of 20 colonies in 4 replications,

it tumed white. At 30#0 the colour of the colonies remained
white throughout the incubation periods At 35°C the colour
of the ‘colonies were similar to the colonies at 30°G;However,
it is clear from the results that statistically theré was

no variation in growth . among the isolates. All the
1golates produced. similar type of colonies at a specific
temperature and colour was also same. Results signified

that max:hium multiplication of the fungus could be possible |
‘at incubation temperature 3500'. |

Lii1be2s Effect of pH on growth: Since differen-

. tial sensitivity to H-ion concentration (pH) is known to
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occur among different isolates of a gilven fungal species,
1t seemed that the present study be carried out, Potato agar
medium was at first adjusted to five different pH levels,
i.,e.540, 545, 6.0, 645 and 740 and equal quantity of medium
of each pH level in Pétri dish was inoculated with equal
quantity of uniform sporidial suspension of each isolate,
Results presented in Table 13 show what at pH 6 the growth
of all the iSOIa‘tes was maximum, whereas on either side of d
pH 6 the growth was found to be less. There were statisti-
cally signiiicanf differences in colony diameter for each pH
Value when averaged across all the isolates, indicating that
pH had significant effect on growth of the colonies,
However, statistically the different isolates did not
respond differently to different pH values. This signifies
that there was no differential sensitivity to H-ion concentra-
tion among different isolates of I. penicillariae,

| TABLE 13

Effect of pH on colony growth of Tolvposporium penicillariae
isolates grown on potato agar medium,

Isolates H-m«'.%nssmra%m
e 540 545 ) . Ble5 300 Mean
' m

Mean colony diameter¥m

HSR 842 12,4 133 1%,0 10,5  11.5

ICR 8eb 1241 134 13,2 10,4 1145
JDH 8e5 1203 13.2 129 106 114
JPR 83 12.2 1341 13,0 104 11ab
IDH 8e5 122 1345 1341 1062 115
MGH 841 1241 134 13.0 10,5 ek

Mean 843 1242 133 13,0 1044
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S‘oEo(m),t = Igolate = 0,04 pH = 0007; Isolate x pH =0.28
L.S,D.(0.05) = Isolate = 0,16; pH = 0. 18; Isolate x pH «0,75

? Based on measurement of 20 colonies in 4 replications,

Le1.5+ Pathologd Studies:

Pathogenic varigbilities in the isolates were

‘studied by inoculating three resistant and four susceptible
genotypes with each of the six isolates. The inoculation ~
and disease scoring procedures have been described in detalls
under 'Materials and Methods'®

The results'in Table 14 suggests that three resistant
genotypes = ICGPS 900=9=3, IQMPS 700=1=5=4 abd ICPS 1500=7-
3=2 ghowed resistant reaction to all the six isolates studies.
Whereas four susceptible genotypes 833B, 843B, 834B and
BJ=-104 exhibited susceptible reaction to all isolates. Resu-
1lts from statistical analysls suggest non-significant diffe-
rences between the virulence of isolates and susceptibility
of genotypes to specific isolates, When the severity percen-
tage are averaged across all the isolates, there are
statistically éigniiicallt differences in susceotibility among
genotypes, Among the susceptible genotypes, BJ=104 was
more susceptible to all isolates than the other g.motypes.‘
All the resistant genotypes exhibited high levels of resis-
tence to all the isolates signifying non-existence of patho-
genic variability in the isolates.

4e2 Inheritance Studles:
The present investigations comprised genetical studies
for smut resigtance, days to 50% boot leaf stage (DTBL),



Pathogenicity of different isolates of T
at 35°C to seven genotypes 0f pearl millet.

TABLE 14

00 penicillariase grown on potato agar medium

S - P P A G
HaR (0) (257 S R R (5N (& (B
ToR ©) 3 S dESS @ G &N B%
PR ) (0) & R Gash (B o Fa
PR (0) () G dEB R GRD &R Bk
Lon ®) (¢ 0) & @S @23 3k @8 XA
HeH (0) (0) B B30 388 (B @l B
Hean 3 %y SH% dB 35 (B &

S.E{f): Isolate = 0.65; Genotype = 0.70; Isolate x Genotype = 1.73

L.S.D.(0.05): Isolate = 1.80; Genotype
a = Mean of 30 inoculated heads from 3 replications.

1094;

Isolate x Genotype = 4,76,

Figures in parentheses are angular transform
values.
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effective tiller number, plant height, ear length, 1000 -
grain welght and yield per plant. The data on gnut were
analysed on the basls of disease severity in the Fy as well
as F, generatioxi; while for other charagters, only F,| data
vere used, The following analyses were done in order to find
out the inheritance pattern of the smut disease.

1. Component analysis (Both nuinerical and grephical).

2. Combining ability analy'sis.
be2.1s Apalygig of Variance:
The analysis of va.riance for 6 x 6 diallel exclu-
ding reciprocals tested in randomized block design for 7
characters, are presented in Table 15,

The mean squares due to treatment were highly
signliicant for smut reaction on the basis of disease severi-
ty, DIBL, effective tiller numbers, plant height, ear length,
1000 grain weight and yield per plant. '

Analysis of variance for smt reaction in F‘2
generation also showed significant treatment differences.

L4242« Component Analvsis:

The estimates of various genetic component are
presented in Table 16,

The estimation of genetic component of variation
requires fulfilment of certain assumptions which are given
in 'Materials and Methods'. |

To test whether these assumptions were satisfied, 2
test and test for b-0 and b=1 were gplied, It is evident
from the table that t‘,"' values were non-significant for
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most of the characters in both the generations. Obviously,
the estimates of parameters will have a valld interpretation
for these characters, A peﬁxsai of data in the Table 16
showed that additive camponent (D) was significant for

smut geverity, DIBL, plant heigﬁt, effective tiller's per
plant, ear 1ength and 1000 grain weight. | It was however,
non-signiﬁ.cant Ior yield per plant. The daminance campo- -
nents H., and H2 were also significant for smut severity,
plant height, ear length, 1000 grain welght and yield per
plant, These components were however found insignificant

for DTBL and effective tllers per plant. In all the cases,
estimates of H, was higher than H,, Significance oz D, H1
and H, suggested that importance of both additive and non-
additive type of gene action involved in the control of
these particular tralts, Estimates of additive canponents
were higher than daninance canponents in re@ect of smut
severity, DIBL, plant helght, effective tillers per plant and
ear length suggesting that additive genetic variance in
these tralts was more important than daminance genetic
variances. Contrary to it, daminance genetic variances

were more important than additive genetic Varianc;a in
respect of 1000 grain weight and yield per plant, The
estimates of H, camponent was smaller than H, indicating
that positive and negative alleles at the loci governing the-
s'a characters were not equal in proportion in the parents,
The camponent h2 which 1s net dominance effect over all

the locdd was significant for mut severity, plant helght,
ear iength,‘ 1000 grain weight and yield per plant. This
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character was insignificant in UDBL and effective tillers
per plant,

'F' camponent which 1s g measure of covariance between
additive and daminence effect and can be elther + Ve ifu
(proportion of daminant or + Ve alleles) or - Ve ifu is
less than ve The F camponent was slgnificent and + Ve for
smut severity only, This indicated excess of daminant -
genes for this character,

The estd.matles of difference between the means of parents
and the means‘oi thelr progenies (ML1-ML°)2 was hi'gh for
plant helght, diéease reaction and yield per plant whilt
it was quite low in other cases. The error component wag
in significant for all the traits.

In Fp both additive (D) and non-additive (H, and H,),

h2

and F components were significant for this trait. However,
the E camponent was -non-significant, |

In Table 17, the relative proportion of various genetic
canponents along with heritability estimates in narrow sense
are presented, _ |

The estimates of degree of daminance (H.|/D)‘k revealed
partial daminance for smut severity, ITBL, plant height,
effective tillers per plant and ear length and over daminance
for 1000 grain weight and yield per plant, When the dami-
nant and recessive alleles are éymetxically di strituted 1i.e.
Ua=Va0e5 the ratio of 321&11 is equal to0 0,25, Obviocusly,
any deviation from this ratio suggests agymetrical distribu-
tion of daminant and recessive alleles in the pOpulaﬁon.
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The sppralsal of this value in Table 17 shows asymetrical
distritution of daminant and recessive alleles for all

the traits studied here, The proportion of daminant and
recessive alleles in the parents shows that except for DI'BL
and ear léngthv, most of the characters are governed by two
or more dominant: alleles for every recessive alleles,

The ratio of k12/H2 refers to the number of alleles B
or ailelic gI‘OLIp!s showing daminance, It is evident from the
estimates that in most of the cases this ratio was quite low.

The estimates of heritability value was moderately high
for disease reaction, DIBL, plant height, effective tillers
per plant and ear length, For 1000 grain weight and yield
per plant this ratio was relatively low,

In F2 the estimate of degree of daminance revealed
partial daninance for smut severity. Asymetrical distritu-
tion of positive and negative gene was also observed, The
proportion of daminant and recessive alleles in the parents
ghows that there were two or more daminant alleles for
every .recessive a;lele. Heritatd ity estimate signifies
moderately high heritability for smt severity in Fy
population,

44243+ Graphical Analyglss

The linear regression of Wr on Vr, the limiting
parabola and the scatter of parental points aldng with regre-
gsion line are presented in Figs, 1-8,

L4e2s3.1¢ Smut severitys

The grephical analysls of smut resistance
based on disease severity was done in F, and F, generations,
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Pértial daninance was observed in both the generations as
the regression ]]:l.ne passes above the point of origin, In
F1, the parentis, 2,193 were nearer to the point of origin
respectively, Thus these parents had maximum daninant
genes, On the contrary, parents 6,4 and 5 are farthest
fram the point of 6Iigin. Thug these parents had maximum

recessive genes., Incidently, the parents 1,2 and 3 were

the resistant parents. It is apparent that most of the
resistant parents had daminant genes and susceptible parents
had recessive genes, Therefore, it is a clear cut case of
partial dominance of resistance over susceptibility. In FZ’
though partial dominance was observed for disease reslstance
but the distribution of parents showed that parent 1 was
nearer to the point of origin than parent 2, However, the
analysis confimg the presence of daninant genes in parents
1,2 and 3 in both thev genergtions, The parents 1 and 2
were more stable for disease resistance than parent 3.
le2e3e2+ Days to 50% boot leaf s‘&age (DTBL)s

The position of regression line on Wr-
axds indicated the case of partial daminance, 06 the basls
of the relative distance of array points from the oﬁ.gin,
parents 4,5,6 and 2 hed higher concentration of dominant
alleles vhereas parents 1 and 3 had higher concentration of
recessive alleles,

4e24343s Plant helghts

The position of regression line indica-

ted partial dominance. On the basis of the distance of the

array points from the origln, parents 2,3,6 and 1 fell near
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to the origin, w|hereas parents 5 and 4 were away from the
origin, showing ;hat these parents had most recessive genes
for this character.

be243.4, Effective tillers per plant:

The position of regression..line on Wr-
axls indicated the case of partial dominance., On the basls,
of the distance of the array points from the origin, parents
3,1,2 and 6 were near to the origin,whereas parents 5 and &
were away fram the origin,

4,2,3.5. Ear length:

The position of regression line on Wr-
axls indicated the case of partial daminance. On the basis
of the relative distance of array points from the origin
parents 6 and 4 indicating higher concentration of daminant
alleles vhereas other parents had higher concentration of
recessive genes for this character,

442,3,64 1000 grain weight:

_ . The position of regression line on Wr-
axls indicated the case of over daminance. On the basls of
relative distance of array points fram the origin parents
6, 4,1 and 3 were nearer to the origin indicating the presence
of daninant genes for this character,

442e3,7¢ Yield per plant: . ‘

The position of regression line on Wr-
axis indicated the case of over daminance. On the basis of
relative diétance of array points from the origin parents
3,1 end 2 were nearer to the origin indicating higher

concentration of daminant alleles whereas other parents had



71

higher concentration of recessive genes for this character,

be2,4s Canbining AVLIity Analyslss

" Themeen squares due to general and specific

canbining ability along with degree of I'r.eedom for all the
characters are glven in Table 18, Both'general and
specific canbining ability were highly significant for most
of the charactersin F,. However, SCA was found to be in- _
significant for effective till ers per plant, Highly signi.
fi cant mean squares for both GCA gnd SCA indicated the
importance of both additive and non additive gene actions
in the inheritence of these characters,

In l?2 for smt severity also, both GCA and SCA effects
were highly significant indicating the importance of both
additive and non-additive gene effects,

, Le24he1s General canbining ability effects(GCA):
The estimates of GCA effects for the
characters studied along with SE of Gy and Gi;j are presented
in Table 19. Results in respect of the individual trait
have been presented below infietail,
be2¢b4e141.8 Smut Severitys
In case of gmt seirerity, the nega-
‘tive GCA (showing disease resistance) is deslrable.’ Out of
6 parents, used in the present 1hvestigation, 3 parents,
neely IOMPS 900-9-3, IQMPS 700-1=5-4 end IQUPS 1500-7=3-2
recorded significant and negative GCA effect, Thus, they
were good general cuﬁbdning parents for smt disease resistance.
Contrary to these, three parents 833B, 843B and 834B recorded
positive and significent GCA effect for disease reaction.
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Thus, these parents were good general cambiners for
susceptibility,

In F,, the estimates of GCA effect showed similar trend
as in Fy and the parents IOPS 900=9=3, IQMPS 700-1~5=4 and
IQMPS 1500=T7=32 were found to be good, canbiner for disease
resistance vhereas other three parents were good cambiner
for susceptibility,

Le2444142+ DIBL 3
Fran the result of cambining abilities
for days to 50% boot leaf stage it becames evident that
parents IQPS 900=9=3, IMPS 700=1=5=4 and IQPS 1500=T= 32

were good general cambiners for late emergence of the boot
which signified later flowering. On the other hand, 833B,
843B and 8348, parents were good general cambiners for early
boot emergence,
Lo2,4e1e3e Plant helght:
Considering plant height, parents
8338, B43B and 834B were good general cambiners for dwarfess.
Contrary to these, parents IQMPS 900=9=3, IMPS 700~ 1=5=4
and IQMPS 1500~7=3=2 were gdo;l general cambiners for tallness.
be2sbeleks Effective tillers per plents
. Parent 843B was found to be a good
geheral cambiner for this trait vhereas IOMPS 900-9-3, IQMPS
1500=7=3~2 and 8343 were poor general canbiners, Parents
700=14~5=4 and 833B were moderately good for his trait although
not significently better.

4e2ele1e5s Bar length:
‘ Parents IMPS 900~9=3, IQMPS 700=1=5=4,
8338 and 834B were good general cambiners for ear léngth
!

;——_
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whereas 843B had negative significent GCA effect for this
tralt signifying 1its poor general cambining ability for
the tralt. Parent IQPS 1500-7-3-2 however, had positive
but insignificant GCA effect which indicated its medium
cambining ability, '

b4e24le1464 1000 grain welght:

Parents 8338, 843D and BB had -
positive and significent GCA values which indicated that they
were good gen'eral canbiner for 1000 grain weight, Parents
IQPS 900=9=3, IQMPS 700=-1=5=4 and IQPS 1500-7-32 were poor
canbiners for this tralt,

he2e4e1470 Yield per plants »

Parents IOMPS 700-1-5-4, IQPS 1500~
7=3=2 and 834B were good gmerél combiners for yield whereas
‘parents IQMPS 900-9-3, 833B and 843B were poor general cambi-
ners for this partiaular trait.

he2ehe2, Specific Combining Ability Effectg(SCA):
The estimates of SCA effects for all the
characters are presented in Table . |
b;'z.'4.2.1. Sput severity:
| The negative estimates for SCA effects
with regard to smt severity would indicate resistant and
positive éstimates: would 1ndicate susceptibility. |
An gppralsal of Table D shows that out of 15 crosses,
9 crosses showed negative and significant SCA ér:ect; These
include 1 x 4, 1 x5 1x6, 2x4 2x5 2x6, 3x4&, 3x>5.
and 3 x 6, These wvere therefore, the resistant secitic

crogsses for smut reaction, Contrary to this crosses, 1 x 2,
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1x3 2x3 4x5 4x6 and 5 x 6 showed positive and
signi ficant SCA estimates, Hence these were highly
suscq:fible speclfic crosses for smut reaction.

In F,, estinates of SCA effect showed that out of 15
crosses, 7 crosses had negative slgniﬁgant SCA estimates,v
these were the resistant specific crosses for smut reaction,
All the other crosses had either positive or non-significant
SCA values, The crosses which were highly susceptible on
SCA effect basis were 1 x 2, 1 x 3 and 2 x 3

 b.2.4.2.2, Days to 50% boot leaf stage (DTEL):

Considering DIBL, out of 15 crosses,

6 cro sses had positive and significant SCA effect. So,
these were good 6rosses for late amergence of‘booting stage -
‘and also for lafe flowering., These crdsses were 1 x 2, 1 x 3,
1x6, 2x3, 2x4, 4 x5 On the other hand, 8 crosses
showed negative and significant SCA estimates which showed

‘that these were good crosses for early booting stage. There
crosses were 1 x 4, 1 x5, 2x5, 2x6, 3x4, 3x5, 3x6
and &4 X 6.

4-.‘2{4.2.3. Plant height:

In case of plant height, out of 15
crosses, 12 crosses had posltive and significant SCA effect.
Therefore, these were good crosses for tallness, ©On the
other hand, crosses 1 x 5 and 4 x 5 showed negative and
significant SCA estimates which showed that these were good

for dwarfness, The cross 2 x 3 showed positive estimate.
However, it was not signiticant.
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44244e244s Effective tillers per plants
Considering this partiaular trait,
only three crosses, 1 x 3, 3 x 4 and 4 x 5 had positive
glgnificant SCA estimate which meant that these crosses were -
good for effective numbers of tillers per plant. Onthe
contrary, 4 crosses, 2 x5, 3 x5, 3 x6 and 4 x 6 had nega-
tive significant SCA estimates. Therefore, these crosses
were good in relation to less numbers of effective tillers
per plant which obviously is not a required character.
Other crosses either had positive or negative estimate but
were 1nsignincant
Le244e245. Ear length:
_ | The positive and significant SCA
effect for this character is desirable, Out of 15 crosses,
40 crosses had positive and significant SCA effect for eer
length., These crosses were 1 x2, 1x3 1x4 1x5
126, 2x3 Zih, 2 x5, 2_x6 and 3 x 6, The cross & x5
had negative tut insigni ficent SCA estimates whereas the '
other three crosses had positive tut insigni ficant SCA
estj.mat& A
442.442.6, 1000 grain weights
Results for this partioular trait
revealed that out of 15 crosses, 10 crosses showed positive
and significant SCA effect which is desirable., These crosses
were1x'4, 1x6, 2 x4, 2x5, 2x6, 3x4, 3x5 3x6,
4 x6 and’5 x 6, On the other hand, crosses 1 x 2, 1 x5, °
2x3and x5 had negative and significant SCA effect which

meant that these crosses were not good for increased 1000
grain welght.
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U4e2e442470 Yield per plants |

The positive and o gni fi cant SCA
effect for this tralt is generally desirable, Fram the
table D, it is evident that out of 15 crosses, 11 crosses
had positive and significant SCA effect. These crosses
were 1x2, 1x3 1x4 2x5 ‘2x6, 3x4, 3x5, 3 x6,
4L x5 4 x6 and 5 x 6, Contrary to it, four crosses, -
1%x5 1x6, 2x3 and 2 x 4 had negative and. significant
SCA" effect which meant that these crosses were not good for
this trait. |

4e3+ Studles with Fupgicldess
Le3e1e Effect of different fungicides on teliospore
gemipations

Seven systenic as well as contact funglicides
‘were selected for the present study. ‘Dii‘rerent concentrations
of each fungicide were prepared and these concentrations were
used to study thelr effect on teliospore gemination as per
method described in 'Materials and Methods'.

Results shown in Table 21 suggest that none of
the fungitoxd cants cquld canpletely inhibit the teliospore
gemination. However, when compared to control, all the

fungicides, had significant inhibitory effect on germination
of teliospore,

It is clear fram the results, that the inhibitory
effect was maximum dth carboxin at 50Q pg/ml (90%) followed
by.Captafol (80%) end carbendazim (78.3%). The inhibitory
effect was least (50.8%) with tridemorph at the same concent-
ration, Statistically significant effect of concentration



TABLE 21

Inhibition of germination of teliospores of Tolyposporium
riae by various fungicides in yitro.

l»?alri.? Fungicides Per cent inhibition in germination®
Os

Concentration in /\xg/ml (al basis)
0 1 50 100 200 500 Mean

1 Benomyl 30.6 42,0 5441 642 6503 42,7

0

2, Cgptafol "0 3846 55,0 70,0 75.0 80.0 5341

3¢ Carbendazim 0 3943 5443 70,0 Tk 7843 52.8
0

e Carbendazim + O  35.3 5.3 6047 6843 7246 4740

Thiram
sfo Carboxin 0 51.6 6103 7600 78"00 9000 59 05
6l IBP 0 106 3146 43,6 52,0 5546 3233

Te  Tridemorph 0 10‘.0 250 41,3 45,0 5048 2847

Mean - 0 3009 [!'h:09 59-4 6503 7064

S.E.(m) + Funglcide: 0,24; Concditration:0.22; Fungicide x
Concentration : 0,58

L,S,D, (0.05)- Fungicide:0.66; Concentration: 0.60; Fungicide x
Concentration: 1461

a = Averaze of 3 replications,
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on teliospore gémination was observed and ‘all the fungi-
cides had their efr‘!.cacy increased with the increase in ‘
thelr concentration. Though the degree of inhibition varied
with reference to different concentrations tried, all the
fungl cides showed inhibitory effect on teliospore gemina-
tion, Statistical analysis of the data revealed that
fungicides, concentrations and their interactions to be
highly significant,

4424341, Effect of different fungicideg op fungal

groyths

In the present investigation, the antifungal
activity of the funglicides were tried by using Poisoned
Food Techniques Effect of these fungicides on the pathogen
(average colony diam) at different concentrations of the
fungicide 15 given in Table 22. Statistical analysis of
the data revealed that fungicides, concentrations and their
interactions to be highly significant, Carboxin was signi-
ficantly effective against T. penicillariae than the rest
of the fungicides. Captafol and carbendazim were the ﬁext
best. In general, all the fungicides had their efficacy
increased with the increase in their concentration.
Tridenorph and I were the least effective fungicides among
all the fungiclides tested, However, both of them when ’
campared with control, found to be significantly effective,

b4e3e3e Foliar Sorays
Different fungliclides selected far the earlier
experiments were used by«three di £ferent methods in the.
fleld trials as foliar spray to detemine their effect on
development of smut. The field experime‘nts were conducted as
'p er method described earlier in ‘Mgterials and‘Methods'.



TABLE 22
Colony digmeter of Iolvposporium i

, at different

concentrations of fungicides incorporated in potatoe agar

medium. ’

Sr. Fungicides

Average colony diameter (mm) &

a2 Average of 3 neplications,

No.o Concentrations{al in /xg/ml)
_Control
0O 10 20 30 4 50 Mean
1  Benomyl 1560 1046 941 842 51 Le2 8,7
2+ Captafol 15%0 845 Te5 Te0 345 3,0 7.4
30 Carbendazim 15,0 9%1 8.2 T2 349 o1 T8
4, Carbendazim 15.0 9.5 863 741 4,0 362 7’9
+
Thiram
5'0 Carboxin 15.0 860 700 6206 300 0.8 6;07
6w IEP 15%0 12,0 11.5 10e3 947 846  11%2
7. Tridemorph 15,0 13¢5 12:7 12,0 109 945 1243
Mean 15,0 1042 942 8¢3 547 UL
Fungicldes Concentrations Fungiclides x
S+Ee(m) % 0403 0403 0,07
L,SeDe(0405) 0,08 0,08 0.19
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4e34341. Pre-inoculation sprays(at (oot ewen pimes Atuge)

The resultg of the investigation | |
(Table 23) show that all the Mngitoxd cants reduced smut
severity significantly as compared to control, However, no
fungicide oould completely control the disease. Amongst the
fungicides tested, carboxin was found to be most effective
which could reduce the digease severity to the extent of
84477 per cent, Captafol and carbendazim were not as affec-
tive as carboxin but these were significantly effective in
controlling the disease with 71.73 and 67.7 per cent reduc-
tion of smut, Tridemorph and IEP were the least effective
amongst the funglcides tested, However, they were also
slgnificantly superior to control and reduced smut severity
effectively,

44343424 Post-inoculation sprays(at fost emeynct shye)

In order to, find out the optimum numbers
of post-inoculatlon sprays to reduce the anut severity
effecti vely, the presaxt investigation was carried out, The
results in Table 24 show that all the Mngitoxicants ecould
significantly reduce the st severity in pearl millet, when
used Ias post-inoculation gpray as campared to water-sprayed
control, Mean data of disease severity for individual
treatment when averaged for different numbers of sprays, it .
was evident, that, carboxn stood ﬂfst emong others with
mean disease severity of 22.66 per cent and disease-control of
81.05 per cent, Carbendazim was the next best with mean dis-
ease severity of 24.83 per cent and 77.45 per cent reduction
Of the disease. Tridemorph and IEP were found to be least



TABLE 23

Relative efficacy of different fungicides used as pre-
inoculation spray in reducing smut severity.

Sr. Fungicide % congc, Smut severity? % disease
Noo ) (%) control
e Benom y1 O, 1% 30.67 59 099
20 Captafol 0e1% 21467 71.73
(27.71)
Be Carbendazim 001% 25,00 67039
| (30.00)
L, Carbendazim + 0e1% 27,00 64,78
Thiram (31.28)
5, Carboxin  0e1% 11467 84,77
(19.89)
6., IEP , O'e 1% 50,00 = 34,78
. l . (45.00) |
7w  Tridemorph 041% 55400 28426
' N (47,88) .
8i Control Water spray 76467
. (61.14)
S.E.(m) % 1427
L,S.D,(005) W84

a = Average of three replications,
Figures in parentheses are angular transformed values.
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effective anong all fungicldes tested. When mean disease
severity per cent for different mumbers of sprays for all
the t_reaments were averaged, it was found that although
there was overall slgnificant effect of numbers of spfays
on reduction of di sease severity tut the di fference between
third and fourth post-inoculatioh sprays was statistically

non-signi ficant,

ke3e343s Pre-inoculation followed by Post-
inoaulation sprays(at bofr-cnmengomie St )

In order to, find out the possibility
of controlling the pearl millet smut vith a suitable conti-

nation of prophylactic and curative sprays the present inves-
tigation was carried out. The results presented in Table 25
show that all the treatments when sprayedin.combination of
pre and post-inoculation, could significantly reduced the
di sease as campared to control, However, camplete control
of the disease was not achieved in any case, | From the

mead dlsease severity data of individual treatment for all
the canﬁ!.nations, it was clear that carboxin was the best
anong all the fungicides tested with mean disease_ severity
of 19,79 per cent against 63.56 per cent in control
(angalar'trmsiorined values). Carbendazim and captafol
stood second best with 21473 and 22.38 per cent saut

severity respectively without any sighiﬁcant di fference
between them, Tridenorph and IFP mmerged as the least
effective mny.'d.des wth 47,05 per cent and 42.80 per cent
disease severity respectively. However, they were also

tound to be superior when statistically campared with control.
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DISQUSSI N

Pearl millet is the most important, and probably has
the greatest potmtial, of all the millets and miscellane-
ous cereals in the drier areas of north, south and weé"c
India and along the southern peripheries of the Sehara
desert in Africa., The production of high-yielding hybrids
in pearl millet has been made possiblé through the use of
cytoplasuio-genetic male sterility, The first camercial
hybrid HB-1, was released in 1965 with the male sterile
line Tift 23-A which was developed by: Burton (19%8) fram
T4 fton, Gedry.a. In India with the release of HB=1 and
subsequently same other hybrids, average yleld of pearl
millet increased spectacularly from 337 Kg/ha to 620 Kg/ha
durins 1970-71, However, in .due course, these high-yielding
cultivars were found to be highly susceptible to several
diseases 1nclud1né smut, :

St caused by Tolyposoriun penicillarise 1s one of

‘the serious and widespread diseases of pearl miliet. Although
the disease was reported as early as 1918 by Butler in
India. 'not much attention was pald on the_ systematic study
on variou‘s agpects of this disease, Earlier worker's beli eved
thet smt vas not an econamically importent disease in India,

‘H.owever, in parts of Tamil Nadu, Andhra Pradesh and Msharashtra
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smut infection varied from 1 to 0% (Madras Deptt.Agric.
1954; Krishneswamy, 1962)., In recent years, the disease has
become more devastating in | séveral parts of India, parti-
cularly in the States of Gujarat, Haryana,Punjab and Rajasthan
mainly due to the introduction of several high-yielding hyb-
rids. Even then, smut has received relatively less attention
of pathologists in comparision to downy mildew and ergot
in India. |

Keeping the facf in view that smut has gradually assumed
an alamming proportion in several parts of India, and thereby
posing a serious threat to thefrain yield of pearl millet
to a great extent, the present series of investigations were
undertsken with the following objectives.,

- 1. To study the morphological, cultural and pathogenic
variability among different isolates of the pearl
millet sout pathogen, collected fram di fferent
locations in India, _

2, To study the inheritance of sut, resistance end
assocl ated genetic architecture. :

3, To assess the relative efficacy of a few funglcides
in reducing smut incidence.

5e¢1s Vaplabd Wity Studiess
Stekmen and Christensen in 1953 stated Plant disease
fungi are known to be camplex and variable, and the degree of
canplexity 1s imperfectly known for most of them and not
' wél‘l. enough known for any of them“ The situation is not

any better even now, In case of smut fungi, although it
has long been known to be highly variable in nature , only
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in few cases !\as the variabllity been clearly demonstrated.
Holton gt al, (1968) were of the Gpinioh that though varie-
tion was pronounce in most of the smut fungl studies on
véxiatio‘u in the saut fungl were still confined primarily to
the econamically important smuts of a few cereal crops.

The list of crops obviously did not include pearl millet,

In recent years, it has been found that most of the
cammerclal pearl millet hybrids and male sterile lines are
highly susceptible to smut, ’However, it is also noticed
that the extent of danagé t0 a particular genotype sanetimes
varies with location.Hisar,in the State of Haryana is
generally considered to be a 'hot spot! for smut due to high
intensity of disease occurrence irrespective 0f genotypes.
On the other hand, the same genotypes in other pearl
millet growing afeas in the northern belt of India usually
contract less disesse when campared with Hisar, Even in
‘di fferent places, within the State of Haryana, differential

reaction of the genotypes to smut is observed.

Since in the recent years, there'have been increasing
efforts to control the disease by host-plant resistance and
1nboxporation of resistance in suitable genotypes by resis-
tance breeding prggrgnme, therefore any possible veriation
in the pathogen pqpulation will necessarily Jeopardize the
entire strategy of breeding for smut resistances The
need for better understanding the variability in the pearl
millet smut population and host-pathogen relationship was
therefore, felt necessary, and it is with this objective
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in mind that attempt were made to determine variability
among isolates of the péarl millet smut pathogen fram diffe-
rent locations in India, Rurthemore, it was also intended
to gather additional informations on the biology of this
canparatively less studied fungus,

541.1. Morphologl cal studies:

Morphological variation in respect of size and
shape 0f sorus and spore is pronounced in many smut fungi,
Fischer and Holton (1957) found that variation in sorus
and spore characteristics was a common phenamenon in severa;
species and races of Tjlletis. However, in the present
investigation where a large numbers of spore balls and
teliospores from each isolate were observed under microscope,
it was found tbatI there was no variation in colour and
shape of sporebal}s and tellospores among difrergn'li igsolates.
Megasurenent of length and breadth in sporeballé and measure-
ment of diameter in tellospores revealed variation .among
isolates, However, on the basis of these varktions, the
isolates could not be classified into different groups siﬁce
there was no correlation between the size 0f the sporeball
and the diameter of the teliospore among the isolates. There
was Do variation in the exospore ornamentation of teliospore
" as well, All the isolates were found to possess 3-5 thicke-
nings on the exospore of teliosgpore. Morphological studies on
sporidia revealed that, sporidia from all the isolates were
colourless and single/\:::lled. Althbugh, there was varlation
in length of sporidia among‘ isolates, the isolates could ndt
be categorised into different groupé on the basis of this
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variabllity. Since there was considerable variability in
glze of the sporeballs, dlameter of the teliospores and
length of the sporidia even within a partimlar isolate,
It may be concluded fram the results of the above morpholo-
gleal studies that the variations in slze of sporeballs,
tellospores and sporidia among isolates might represent
tanporary response to environment and might not be B
inherently perm!anent. Varlability in spore size, shape and
~colouf and exospore ornamentation mighfc be same of the
useful criteria for species delimitation within a gemus of
smut fungl which however, might not sufficient to elucidate
vardability within species, |

5¢1¢2¢ Spore Gemination Studies:

In the present investigation, mean gemmination
percentage of teliospores of the ICR isolate was found statis-
tically to be at par with HSR isolate, On the other hand,
there was no signi ficant difference in gemination percentage
between HSR and MGH isolates. Ilikewlse, difference between
the JIH and JPR isolates was also non-significant, With
regard to the threshold time for gemination it was observed
that statistically MGH igolate was significantly different
from the other isolates except HSR igolate, However, there
was 0o significant difference between HSR and ICR 1solates.
No definite relationshiip between mean germingtion percentage
and optimum time required for spore germination of a particu-
lar i1solate could also be discerned, Therefore, on the basis
of these results, the isolates could not Se classified into

di fferent groups and they were found o yield similar resulfs.



l 93

Holton gt al.(1968) reported that the incubation period
required for spor"’e germination may be even more vari able tt;an
longevity in smut spores. However, the rate of gemination
and the incubation period required for spore germination
are influenced greatly, within a particular genetic base,
by environmental factors and therefore, any variation in
these parameters does not always reflects an inherent or -
pemanent basis. Holton gt al.(1968) also stated that longer
the difference in incubation period required for germination,
the greater will be its variability. Results from the present
investigations suggest minimum di fference in incubation
‘period for germination, Although no camparative evidence
to this study is available it may be concluded that there
was no varigtion for germinabd.lity among the bisolates tested.
5.1.3 Qultural Studiess |

Sput cultures vary in type and Ifate of growth,
topography, colour, pignentatipn, and many combinations of
these characteristics, Fischer and Holton (1957) were of the
opinion that the greatest variation within the species of |
many smut fungi is displayed by cultures on agar media,
Monosporidigl cultures of many specles usually vary widely
in colony. dza‘ractenstics, same of which magy represent
-tenporary response to environment; the great majority,
however, are inherently pemmanent, Results from the present
invesfigation show that all the isolates of T.penjicillariae
produced sporidial type of growth irrespective of the |
nutrient media used. Working with a single isolate, Subba Rao
and Thekur (1983) reported sporidial type of growth of the
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fungus on seni-synthetic media whereas Pathsk and Shehawat
(1980) reported my.celial growth on synthetic media, However,
in the present investigation vhen both the seni-synthetic
and synthetic media were used, it was found that in all the
media, the growth was purely sporidial., This might be
possibly due to the difference in experimental procedure.
Measurenent of colbny growth showed that semi-synthetic media_
were better for suﬁporting the growth of the fungus than
synthetic media tested, However, potato agar and carrot

agar were found to be still better than the potato dextrose
agar, This signifies that the requirement of the dextrose
for culturing of the fungus is not essential., Pathsk and
Shekhawat (1980) however, found good growth of the fungus

on media supplied with dextrose as carbonsource. Since

in the present investigations, no study onnutritional
recjuirenent of the fungus was underteken, no conc':lusiod

in respect of‘the seme could be drawn, Statistically, there
were no di fferences in growth . ." . among the isolates studied.
Visual observation of the colonies on different media also
did not reveal any variation in the isolates for shape,
colour, topography. Therefore, it may be concluded that

the 1solates studies could not be differentiated on. the
basls of their behaviour on artificial media. Apparently
most smut species respond well to carﬁohydrates derived fram
sugars such as m;:rOBe,'glucose and maitose; however, accor-
ding to report, there is variation within and among species
as to waich ‘mga,rs are best (Fischer and Holton, 1957).
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_ 5efule Bhysiological studles:

In the present series 6f investigations, efforts
were also made to elucidate variability amorig the 1solates
by exposing the culture of the isolates to different |
‘temperatures as well as pH levels, The results from the
present investigations show that on the‘ basls of these stu-
dies varigbility could not be discerned in the isolates.
Statistically, in both the experiments the difference among/
the isolates was found to be non-significant. Since, no
experinentsl evidence on similer studies are available,
therefore the results could not be compared to any. However,
from the results of the present investigations two observa-
tions on the blology of the fungus were made,
1¢ The optimum pH for growth of all the isolates was found

to be 6,0, On the other hand, Pathak and Shekhawat
(1980) found maximum mycelial growth of the fungus at
pH 7.5, Resulté from the present investigation show
significantly less sporidial growth of the fungus at pH
7.0 then pH 6,0, However, the smut fungl are known to
withstand a wide range of pH.level. The finding of the
present investigation also supports this. _

2. The op timum temperature for maxlmum growth of the fungus
" was found to be 35 C in all the isolates, Subba Rao and
Thakur (1983) also reported 35°C to be the optimum
temperature for maximum sporidial growth. In contrast,
Pathak and Shekhawat (1980) found 25 C to be the optimum

temperature for maximum growth in terms of mycelial
| )
dry weight, In the present investigation, however,
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significantly higher sporidial growth was observed at 35 C
than at 25 C. This might be due to the fact that Pathak
and Shekhawat (1980) quantified dry mycelial weight by
growing in liquid cultures.

5¢1.5. Pathological studies:

Variation in the smut fungl has its most funda-
mental impact on Pathogenicity. Halisky (1965) stated that
the differential reaction of two or more host varieties
could be taken as indication of the degree of variation in
virulence of the parasite. In the present iﬁvestigation,
therevf.ore, an attempt was made to elucidate variability by
inoculating thrée resistant genotypes IAPS 900-9-3, ICQPS
700-1=5-4 and ICIPS 1500-7=-3-2 and four susceptible 833B,
843B, 834B and BJ-104 with each of the six isolates following
the standard inoculation procedure under identical experi-
mental environments. The results show that all the resistant
genotypes exhibited high levels of resistance to all the
isolates whereas susceptible genotypes showed susceptible
reaction. However, statlistical analysis revealed non-
significant differences among the virulence of isolates tes-
ted. The results suggests that there was no pathogenic
'variability among the isolates. Alf:hough, some differences
for size, diameter and length of sporeballs, teliogpores
and sporidia among different isolates were noticed, these
could be attributed to the effect of environmental condi-
tions,because environment is known to have a key role on

amt developmerit in pearl millet (Rachie and Majmudar, 1980).
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So far, there has not been any report about the
existence of physiologic specialization within the morpho-
logical species of pearl millet smut fungus. 'The results
of the presenf investigation also do not indicate the
presence of any such race or biotype, This finding will
naturally be an important contribution towards resistance
breeding programme, where, the knowledge of race picture

of the pathogen is obviously a pre-requisite,

5.2 Inheritance Studies:

Meeting the ever-expanding demand for food for the
ever-increasing world population is the biggest challenge
confronting agricultural scientists. Pearl millet has a
remarkable ability to grow in some of the driest agricultural
conditions. It already provides food for million of poor
people in Airit;a and Asia. VWith the invention of the cyto-
plasmic-genetic male gterile lines in pearl millet along-
with improved agronomic packages and its successful extension
into the third ‘world sincé late 1960s, spectacular changes in
yield potentiall in this crop have occured. However, this
has led to the rise of one digease problem after another.
For each disease that developed into prominance the incorpo-
ration of resistance became an essential breeding target.
Thus, relatively few pure lines, often carrying vertical
resistance (VR) to ma,jbr pathogens, were spread over large
areas previously covered by a mosaic of many local varieties
presumably carrying both vertical resistance (VR) and
horizontal resistance (HR) against most of the diseases.
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- In the tropiés, pearl millet ig grown primarily by
'subsis_tence farmers, In the absence of economically
feasible control measures either chemical or agronomical,
attention has been mostly shifted to breeding resistant
bvarieties. In recent years, a few lines with high 1eyels
0f stable resistance to smut have been identified (Thakur
et 21.1986), In the near future with the help of these
lines high yiellding hybrids and varieties, with resistance
to smut may be bred. For any such breed ing programme, a

thorough knowledge of genetics of resistance is an imperative:

It is with this objective that the present investiga-
tion was planned using 6 elite pearl millet lines supplied
by the Intermational Crops Research Institute for the
Semi-Arid Tropics (ICRISAT), Hyderabad, India details of
which are given xin 'Materials and Methods',

The six inbreds were involved in a diallel crossing
system excluding reciprocals anﬁi the dafa were analysed
using both Griffing (1956) and Hayman's (1954) spproaches.
In recent years, the analysis of diallel crosses has
received considerable emphasis in many plant breeijhg 4
programmes because it fulfills certain specific needs of
.plant breeder., The analysis provides a systematic approach
for the detection of parents and crosses superior for the
‘traits under invegtigation, At the sgme time, it helps
the plant breeder choose the most efficient method of selec-
tion by allowing estimates to be made of the magnitude and
relative importance of various genetic paréme'cers. Digllel
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analysis of Griffing and Hayman's approach is generally
performed under certain assumptions, which have been des-
cribed under 'Materials and Methods'. These were tested by
the two tests t° test as suggested by Hayman (1954) and
test of significance of b. From the results, it was evident
that for some traits, a partial fallure of the assumptions
of the diallel was indicated. The pin pointing of the
offending assumptions for these traits, cannot be accomp-
lished with the present data. However, certain assumptions

may be considered fulfilled with some degree of confidence.

It may be assumed that the inbreds used in the crossing
programme were homozygous as a result of many generations
of selfing, However, since some heterozygosity may remain
even after many generations of seliing,' this assumption
may account for atleast part of the partial non-compliance
of the tralts to the assumptions. VWhen a trait exhibits
a partial failure of the assumptions, estimates of the
population parameters of that -tra.it are still possible,
although the estimates for such a trailt are probably less
reliable than when all assumptions are fulfilled (Hayman,
1954). '

542.1 Genetlc component:
Both additive (D) and dominant components (H1
and Hz) were found to be'_ significant for smut severity, plant

height, ear length and 1000 grain weight, While for days
to 50% boot leat stage (DTBL) and effective tillers per
plant dominant components were non-significant and for
yleld per plant, additive component was non-gignificant,

_
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Ho{wever, in all the tralts estimates of the H, was less

than Hy This indicates that positive and negative values
at locl governing these characters are not equal in
proportion in the parents. Hayman (1954) also was of the
view that H, may be greater or less than H,, Similar results
have also been .reported in pearl millet for plant height,
ear length and downy mildew (Sglerospora graminicols)
reaction by earlier workers (Singh 1976; Dang, 1981).

Comparative evidence in case of smu t, however, is not
available, The component h? which is net dominance effect
over all the locl was significant for smut severity, plant
height, ear length, 1000 grain weight and yield per plant,
The F component which is a measure of covariance between
additive and dominance effect was significant for smut
severity only. In certain tralts, additive component was
found to be more important while in other traits dominant
components were important . It may, however, be mentioned
that whatever may be the relative estimates of additive and
dominant components, one or the other or sometimes both were
found significant for most of the traits. Similar observa-
tions also had been made by Harinarayana (1965) for ear
length; by Jain et al.(1961), Murtykt al.(1967), Singh
(1976) and Singh gt al.(1979) for plant height and ear
length, The significance of both D and H component attribu-

tes warrant a breeding programme which can exploit both
additive and non-additive type of gene action,

The degree of dominance (H1/D)§ reveals partial domi-
nance for smut severity, DTBL,plant height, effective
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tillers per plant and ear length,whereas, over-dominance
was observed in 1000 grain weight and yield per plant.
This may not be an index of real over-dominance at all
loci, since particuiar combination of positive and negative.
alleles or complementary types of epistasis or simply
vcorrelated gene distribution might influence the mean degree
of domingnce and‘comllert partial dominance into apparent
over dominance, Mbreover, since the estimates of degree of
dominance were calculated for a fixed set of parents, all
the estimates may be blased upward to some degree. Hayman
(1960) stated that in such cases, in'terpretation ghould be
made cautiously. Furthermore, while dis.;cus‘sing the short-
comings of component analysis, Mather and Jinks (1971)
stated that unless U=V=0,5 at each, locus the ratio
(H.]/D)% is not a true measure of degree of dominance. In
component analysis of Hayman (1954), there is a provision
to test whether UsV=0.5 or not. The ratfo }12/4H1 can take
the value of 0,25 only when U=V=0,51. In the present
investigation, this ratio was below 0,25, showing that UV
for most of the 'characters studied, Obviously, the asymmetry
of dominant and recesslve genes in the population might
be one of the feasoné‘ior an over-estimation of degree
of dominance. | |

The ratio hlez refers to an gpproximate estimate of
nun;ber of genes or gene group that show dominance, In the
‘present study, variable estimates for different trailts were
observed, While in case of smut severity, plant height,
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ear length end yield per plant the values were more than
one but in otler traits the values were less than one. In
the iformer cases, the numbers .of gene groups govermning
dominance were more than the latter traits,

Different levels of heritability (narrow sense) was
recorded for different characters. Moderately high heri-
tability was observed in case of disease severity,DTBL, -
plant height, effective tillers per plant and ear length,
It was moderate for 1000 gram welght, However, it was
quite low for vield per plant. It suggests the major
contribution of non-additive gene effects. Moderate esti-
nate of heritability indicated that major portion of
phenotypic variability in that character can be exploited
through simple selection procedures like mass selectioh.

542424 Combining abilitv:

In combining ability analysis, variance due to
general combining ability (GCA) is equal to the variance
due to additive effect of genes, In the presence of epista-
sis; it includes additive x additive type of interaction,
Similarly specific combining ability (SCA) variance is equal
to the variance arising due to dominance and its interaction
viz,, dominance x dominance and add:ttive x dominance
(Griffing, 1956). In the present study in all characters
both GCA and SCA variances were found to be significant
except effective tillers per plant. This etnphasises the
importance of additive and non-additii:e gene effects in
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governing these traits. Several workers have reported
the importance of additive and non-additive gene effects
in pearl millet for these characters (Jain et al.1961;
Satija, 1972; Singh, 197¢; Phul ef al., 1973),

The knowledge of nature and magnitude of gene effects

involved in the inheritance of a particular character,
helps in determining the most efficient breeding plan.
Since, both additive and ﬁon-additive components of. genetic
variance were observed for the characters investigated
here, it may be suggested that breeding plans which can
exploit these gene effects simultaneously should be
adopted for genetic improvement for these characters in
pearl millet, A-‘system of recurrent selection gives maxiﬁrum
.Opportunity for re-arrangement of different types of gene
effects in linkage groups and thereby raise the genetic
base of the population,

54203

The method of disease scoring always has a
vital role on the results of any inheritance study, In the
present investigation, the scoring was done on the basls
of percentage florets converted into smut sori with hei§ .
of an intemationglly accepted standard diagrgm proposed
by Intemational Crops Research Institute for the Semi-
Arid Tropics (ICRISAT), However, unlike systemic diseases,

where gradual destruction of the plant parts generally
occiu*s ) 1t is very difficult in case of smut, to classify
them into distinct classes i.e, resistant  and susceptible.
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In resistance screening for smut, plants showing 0-5 per
cent mean disease severity are generaliy regarded as resis-
tant plants. The resistant parents used in the present
investigation also showed mean disease severity of less than
5 per cent., Therefore, an attempt was made to understand
the inheritance mechanism with help of classical Mendelian's
segregation pattem. From the results the following -
observations were made,

1  The progenies of the crosses between resistant x

resistant plants were resistant in F1,F2, BC, and BC

1 2

generation without any segregation,

2. In a set of crosses between susceptible x susceptible,
the F1 was mostly susceptible, though, a few resistant
plants were also observed., These might be apparently
due to escape. BCq and BC?_ progenies were also found
to be susceptible,

3. In the third set of crosses between resistant x
gsusceptible, F1 plants were always reéistant suggesting
that resistance was dominant over susceptidbility in all
the crosses, Mean disease severity value revealed
resistence to be partially dominant over susceptibility.
In F, plants, segregation was noticed, The segregated
plants showed all types of disease severity value ranging
from O to 100 per cent, However, the efforts to place
the inhez;itaxxée on a classical Mendelian basls were
unsuccessfuls Out of 9 diserete RXS crosses, only
two crosses, 1 x 6 and 2 x 4 indicated satisfactory
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1it of observed to expected 15:1 ratio in F, generation
(Table 26), The partitioning of the chi square indicated
that the heterogenity component Was significant for all fhe
ratios tested, The significant heterogenity component
indicated that the crosses were not in agreement in showing
segregation according to the expectéd ratio (Table 27).
TABLE 26
Estimate of chi-square for different classical Mendelian
segregation ratio, taking 0-5; 6-100 severity (%) ratioc as

resistant; susceptible in resistant x susceptible crosses
(F2 data).

Sr, Crosses M 11 e

Nos 311 9:7 13t3 1531

1% 1x4 Boli 6,1 20, 2% 29' 3%
2. 1%5 5.6%  3,8% 75 9's0%*
3. 1x6 | L.g*  T7.8% 8a5% 145

be 2x 4 5.1%  4,8% 25.1% . 0.8

5. 2x5 3.8%  22,1% 8.5% 15 o 4%
6. 2x6 12.7% 21,24 bt 2.4
Te 3x b BsT*  15.3* 8.2% 18.5%
8¢ 3x5 ' he3*  Lh,2% 21.4% 162, 4*
o 3x6 9W0*  15,1% 22.% ATk b¥

TABLE 27

The partition of chi-gquare values of F2 data

4

Source of Degree . Chi~square yalues,
variation of 31 9:7 1323 15:1

{f reedom
Deviation 1 20.2%  16.9* 18,3%  35.2%
Heterogenity 8 LOJ2% 123.5%  107.6% 2Te5%

Total 9 60 L* 1LOWL*  125,9* 4,32, 7%

Pe—
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_From these results, it can be concluded that resistance
is partially dominant over susceptibility and has a quanti-
tative nature of inheritance. The component analysis also
indicated partial dominance for resistance, Both additive
and non-additive gene effects were significant. Under such
a situation, where there is a predominance of additive
variance, genetic upgrading of material is possible followigg

reciprocal recurrent selection,

5e3. Chemical Control:

Chemical control is only one of several methods used
in plant disease management, The decision t0 use chemical
control depends on a series of inter-relating factors.
Besides the efiective diseage control, economic considera-
tions such as monetary retums of increased yield against
the cost of the chemicals and their spplication should be
glven due consideration., Alternative diseaé,é control me thods
and the possibility of combining several methods also need
to be considered, In case of pearl millet smut, two methods
of chemical control were previougly attanpfed by different
workers. One is seed treatment and the other is use of
foliar sprays to prevent the initiation and further spread
of the diseases However, Bhatt (1946) conclusively demons-
trated that sinée smut was generally caused by air-bome
inoculum directly at the time of flowering, in the smt
endemic area therefore, control of this disease by chemical
seed treatment was not effective, Several workers have.
reported different chemicals to be effective agamst smut as
foliar sprays from time to time (Wells, 1967; Bhowmik and




Sundaram, 1971; Mathur gt al.1971; Pathak and Gaur, 1975).
In the present investigatilon, therefore, an attempt was made
to assess the relative eff icady of seven fungicides used
as foliar spray on artifically inoculated plants under field
condition so that most effective fungicides could be
identified.

A1l these fungicides were found to be effective in -
in yitro for inhibition of teliogpore germmination and
fungal growth, However, if was also noticed that no fungi-
cide could completely inhibit the teliospore germination,
On the basls of performance in these two in yitre tests,
carboxin was found to be most effective, Cgptafol and
carbendazim also performed well and statistically they were
superior to. the rest without any significant difference
between them, Although no comparable evidence in pearl millet,,
smut is available, however, in Urogvstis geropvri, Goel
and Jhooty (1985) showed that carboxin caused a comple te
inhibition of germination of teliospores even at the lowest
concentration of 1 pg/ml (a.is basis), They also reported
complete inhibition of germination of teliospore by captafol
at the concentration of 10 }xg/ml. In the present investi-
gation, however, complete inhibition of germination of
teliospore of Tolvposporium penicillarise was not achieved
by any fungicide even at 500 pg/ml. Carboxin is known
(Edgington g ak., 1966) to inhibit mycelial growth of
severai tungi belonging to Basidiomycetes but in the present
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Investigation, this chemical inhibited gporidial growth
also which was evident from the average colony diameter

0of the fungus in in yityo studies,

When these flmgicides werdg tested in field conditions,
all oi them retained their efficacy, indicating thereby
that in yifro results were comparable to field evaluation.

Out of thesé'seven fungicides tested as pre-inoculation
foliar spray under field condition, carboxin ﬁas found to 'be
most effective followed by captafol and carbendazim,
However, statistically there was no difference between capta-
iol and carbendazim in regard to mean disease severity. '
Bhovmik and Sundaram (1971) also reportéd carboxin to be
very eifective ggainst the smut. Pathak and Gaur (19.75)
on the other hand, found si@iiicmt disease control with
foliar spplication of ceptafol, In the present investiga-
tion, however, carboxin was significantly éuperior to other
chanicalsv. Cap‘taf.()l_and carbendazim stood second without
any significant difference between them., Benomyl and a
combination of carbendazim arid thiram also gave good disease
control; although there was no significant difference
between them, |

When the same fungicldes were used as post-inoculation
follar spray, 1t was observed that carboxin was the most
effective tolloxd;ad by carbendazim, However, in post~-inocula-
tion foliar spray trials, carbendazim always showed better
disease control ithan captafol, It suggests that captafol
was performing better when used as a protective foliar spray
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rather than curative spray. A combination of carbendazim
and thiram was found statistically at par with captafol.

In all the experiments IBP and tridemorph were found to be
least effective. However, all the fungicides we‘re found to
reduce the smut severity significantly aé compared to
control, With most of the fungicides, it was observed that
two post~inoculation sprays were sufficient to reduce the
disease severi'Fy. Statistically no difference was observed
among 2nd, 3rd and 4th spraying suggesting thereby that two
sprayings at the boot leaf stage would be most economical.
It also signified that spraying in the advance stage of smut
development was not very effective in terms of reducing

disease severity.

Vhen these seven fungicides were used in combination of
pre and post inoculation sprays, it was noticed that carboxin
agaln emerged as the most effective fungicide, whic_h gave
significantly better disease control than all other fungici-
des. Carbendazim and captafol stood second in the list
without any significant difference between them, ‘It again
suggests that captafol performéd better when used a§ a
protective as well as curative sprays rather than using only
as curative épréys. The combination of carbendazim and thiram
and ‘oénomyl also gave good disease control, Tridemorph and
IBP, however, were not very effective although they were
significantly better than control. It was observed that,

one pre-inoculation iollowed by one post-inoculation spray
would be most optimum combination of sprays to reduce disease

‘sevérity in areas where smut occurs almost every year.
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Under heavy disease pressure, the total numbers of sprays
may be increased to three.

Although, there has been criticisms regarding use of
chenical fungicides in a crop - like pearl millet, it should
be kept in mind that the farmers are yet to be provided with
a sut resistan't variety having acceptable agronomic tralts
for commercial ?ultivation. In want of such a variety or
hybrid, an alternate approach should always be made available
for smut endemic area, It 1s also assumed that a. regular
spraying of fungicides like carboxin or captaiol (042% conc.)
as prophylactic meagure in smut endemic area will not be
much eéxpengive when compared to the grain loss caused by
the smut fungus under favourable condition, The effect of
different fungicides on control of smut as well as increased
grain production have been described by several a}!thors
(Mathur gt al.1971; Sharma and Sharma, 1976). However,
in the present investigation, no record was taken on the
effect of the fungicides on yield, Therefore, from the
present sets of data no concrete suggestion'in this respect

can be made,

b9 ¥



- SUMIARY AND CONCLUSIONS

The present investigations were undertaken in pearl
millet with three main objectives: (i) Studies on the
morphological,cultursl and pathogenic variability in the
igolates of fhe pearl millet smut fungus, Tolvposporium
penicillariae,(11) Studies on the nature and magnitude of
genetic varlation and combining ability in respect of smut
severity, yield and its components and their inheritance
pattern (iii) Studies on the meagures to reduce the smut

severity through the use of chemical fungicides,

For variabiiity studies, smutted pearl millef inflores-
cence were collected from the hybrid BJ-104 from six
Indian locations - Hisar, ICRISAT Céntre, Jod hpur, Jalpur,
Ludhigna and Mahendragarh, The isolates were subjected to
diiterent morphological, physiological, cultursl and patho-
logical investigations, The results obtained thmuéh these
invéstigations indicated that there were some morphological
variationg in gize of the sporeballs, diameter of the
tellogpores anci iength of the sporidia among different
Lsolates testeds Some variations in germingbility of spore-
balls among dif.:teren"c isolates were also noticed, However,
no variation could be found among the isolates in regard to
the cuiwral behaviour and virulence patﬁein of the isolates
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to different hoFt genotypes, The results suggested that
there were no physiologic races or biotypes within the
species of the iungus. This finding will be a émat help
towards the efforts to develop pearl millet hybrids or
varieties with high levels of smut resistance., Since there
is no pathogenic variability in the smut pathogen, therefore,
disease control by the use of disease resistant cultivars
would bé a long-lasting, economical and most practicable
measure,

For inheritance studies, six elite pearl millet lines
comprising three resistant and three susceptible, having
diverse agronomic characteristics were seleci:ed. 3y using
a half-diallel crossing system, 15 F1s and their Fzs along
with 155013 and 153023 and 6 parents were grown in g
Randomized Block Design in three replications. Observations
for smut severity were recorded in artificially inoculated
population for non-segregating and segregating generations,
while for some other agronomic characters viz., days to
50% boot leaf stage, plant height, effective tillers per
plant, ear length, 1000 grain weight and yield per plant,
only non-gegregating generations were use§ for taking record.

The data obtained were statistically analysed. | The
genetical informations were obtained using Hayman's (1954)
approach for F, while the methodology of Jinks (1956) for F,

component analysis and combining ability approach of Griffing
(1956) were employed.

Both aiditive (D) end dominance (H, and H,) components
vere found to be significant for smut severity in both F1




113

and F, generations, The degree of dominance revealed
partial dominance :E‘or smut 5everity and all other traits
except 1000 grain weight and yield per plant where over
dominance was noticed, Asymétrical distribution of dominant
and recessive alleles were noted in the parents. Moderately
high heritability was observed in smut reaction, and other
characters except yield per plant, where low heritability

-

was noted,

The combining ability analysis indicated the significance
oi both GCA and SCA variance for all the éharacters studied,
signifying the importance of both additive and non-additive
type of gene actions, The efforts to place the inheritance
pattern of smut resistance in segregating generations of
Resistant x Susceptible crosses on a classical Mendelian
basis were however, not successful indicating thereby
quantitativelnature of the disease and as such smut inheri-
tance 1is being govermed by large number of genes. The
resistance was found to be partially dominant over
suscep tibility, |

The results on the studies with seven different fungi-
cides revealed that carbOxin; captafol and carbendazim were
quite effective in inhibiting the teliospore gemina’ci@
and fungal growth in laboratory conditions, Same trend of the
‘results was obtained when their relative efficacy urder
field conditions‘ was assessed as foliar sprays; The
fungicides were sprayed in recommended doses at the boot-
leaf stage of the crop. The plants were artificially inocula-
ted, + Pre-inoculation spray, post-inoculation spray and a
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combination of pre and post inoculation sprays were tried

to find out the optimum numbers and combination of different
fungicidal spray to reduce the smut severity to maximum
xtent. Although, it was observed that no fungicide could
cormpletely contfol the smut severity in the field under

any circumstances, still when compared to control, significant
disease control was observed with all the fungicldes tested. ..
Results were found to be encouraging when the fungicides

were used in combination of pre and post-inoculation sprays.
conclusions and some points for future investigations

Investigations on the selected aspects of pearl millet
smut of topical importance in nature for the entire semi-
arid regions of Asiag and Africa, were conducted during last
three years and reported in the present dissertation. On the
basis of fhe findings, certain specific conclusions can be
drawn which may form the basis for the future strategies for
the control of this disease and thereby stabilising yield to
a large extent, '

1. Although no variability could be detected among different
smut igolates in tfxe present investigation, it is desired
that a large number of isolates representing different
agro-climatic regions of India should be studied,
Igolates from some of the African countries, where smut
is a regular occurrence should also be included in the
study.t0 make more valid conclusion, |

2. Since large variations in monosporidial cultures of
many .smut fungi ﬁave been reported, themfore, varia-
tions within en isolate and within a monosporidial
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culture and the reaction of different pearl millet
genotypes to these cultures, if any, need the attention
of pearl millet pathologists.

More research efforts are needed to understand about
the blology oi the pathogen. Epidemiological studies
should be conducted to know more precisely about the

disease development,

Both additive and non-additive gene effects have been
found to be important in the inheritance of smut resis-
tance. Partial dominance of resistance over suscepti-
bility and quantitative nature of the disease, make it
possible to select the resistant lines through simple
selection procedures, More studies on inheritance,
using different parents should be made to select suita-
ble parents for production of smut resistant as well

as agronomically acceptable hybrids,

From the studies on chemical control, it is concluded
that carboxin (0¢2%) or Captafol (0.2%) or carbendazim
(0+1%) may be recommended as a prophylactic spray for
the gmut endemic area, at the time of flowering of ‘the
crop as it is economical and well within the reach of
the famers, Studies on integrated control measures
using host-plant resistance and c.hemicals should be
made., Resistant cultivars in combination of fungicides
have been reported to provide greater degree of disease
control (Jomson et al.,1979). Further, whether these
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chemicals induce resistance in plants and if so, the
concermned metabolic alterations taking place in the
host, should also be investigated.




BIBLIOGRAPHY

Aingworth, G.C. 1971, Alnsworth and Bisby's Dictionary of
Fungi, 6th edn,, Commonwealth Mycological
Institute, Kew, Surrey, UK, 631 PP,

Ajrekar, S.L. 1931, Studies on Bajri Smut, Proc, Indian Sc}.
Congr. Bot, Sec, 232 PP, '

Ajrekar, S.L. and V,N,Likhite 1933, Observations on Tolypospo-
’ &gm psgnigilla:iangref. (The Bajri Smt Fungqe)
rr. Sci. 1: 215,

Aksel, R, and L,P.V, Jomsgon 1963, Analysis of a diallel cross:
1;7worked exgmple, Advancing Frontiers P1,Sci, 2:
"530

Anonymous 1972« Annual Progress report of All India Co-ordinated
Project for improvement of millets (1971-72),
Pathology section.121 pp.

Anonymous 1985, District-wise estimates of area and production
zé Bajra 1983=84, Agricultural Situation in India. -
N R

Aykroyd, W,R,, C.Gopalan and S,C.Balasubramaniam 1963, The
nutritive value of Indian foods and planning of
satisfactory diet. Indian Coun, Med,Res, New Delhi,
Special report Series No,42,

Bhaktavatsalam, G, and R,K.Tripathi 1975, Effect of treatment
of pearlmillet seed with carboxin and oxycarboxin .
‘on germingtion, Pesticides 9: 48-49,

Bhatt, R,S, 1946, Studies in Ustilaginales I, The mode of
* " infection of the bajra plant (P typhoides
Stapf. and Hubbard) by the Smut orium
penicillariae Bref, J, Indian bot.Soc,25:163-186.

Bhownik, T.P. and N,V,Sundaram 1971, Contfol of Pearl millet
' smut with systemic fungicides. P1,Dis,Reptr,55:
87=88'

Brefeld, 0,1895, Unters., Gesammtgebiete. Mykol; 12: 99-236,

B G.W, 1958. Cytoplasmic male sterility in pearl millet
urtor_x, (éﬁ;ﬁmﬁ"pﬂmh Agron, J.40: 908-915%

Burton, G,V. 1983, Breeding pearl millet. Pl.Breed. Rev. 1%
163=180



L —

wiim

Burton, G,W., T.A, Wallace and K,O.Rachie 1972, Chemical
composition and nutritive value of Pearl millet
g%gm Burm.? S & H, Crop Sci,12:

Butler, E.J.1918. Fungi ‘and diseases of plants. Thacker Spink
and Company, Calcutta, India 457 pp.

Chahal, S.5,1979+ Control of Pearlmillet smut with fungicide
' sprays. Fungicide and Nematicide tests 35:164,

Chahal, S,S. and K.Kumar 1985, ’.’&aﬂmal\,?_m&lmaf
the pearl millet smut pathogen., Nat. Aca.Sci.Letters
(in press).

Chevalier, A,1937. Une maladie du Penicillarige au Senegal
(A disease of Pearlmillet in Senegal). Rev.Bot,
Appl. Agron,Trop,11: 49-50,

Chrigtensen, J.J, and H,A/Rodenhiser 1940, Physiologic Specia-
%1z%8ﬁ02 and genetlcs of the smut fungi. Bot.Rev,
. 9" 25.

Ciierri, &1938. Ustil j_nales. Flora Italica CryptOgamé"
Pars I, Fungi, Fasc.17: 443 pp.

Clinton,G.P+1906, Ustilaginales, N.Am.Flora,7: 1-82;

C.1,1,1983, Plant Pathologist's Pocket book,2nd end,, Common-
zgglth Mycological Institute, Kew, Surpey,U.K.
PDe

Dang, J.K,1981, Studies on downy mildew of Pearl millet, Ph.D,
Thesis., Haryana Agricultural University, Hisar,
India 163 pp.

Dey,P X, 1949, Admve.Rep.agric.Dep.Uttar Pradesh, 1946-47,
Q=42 pp.

Dietel,P,1928, 'Hemibasidii' (Ustilaginales end Uredinales)
Ehgleraand Prantl: Die naturlichen P{lanzen familien
: 1"2 .

Duran, R, 1973, Ustilaginales, In: Aingworth, G,C.,F.K,Sparrow
and A, S, Sussman zeds.)o The Fungi.pp.281-300. Aca"‘
demic Press Inc. New York, o

R |
Durgn,R, and G,W,Fischer 1961, The genus Iilletia.Washington
‘ State Univ,Press, Pullman, Washington,138 pp, ;

—————



~iii-

Edgington, L.V., G.,S,Walton and P.Miller 1966, Fungicide
selective for Basidiomycetes. Science 153:307-308,

FAO, 19844 Production Year Book 38: 120.

Fischer,G.W. 1953, Manual of the North American Smut Fungi
Ronald Press Company. New York. 343 pp. '

Figcher, G,%W, and C.S,Holton,1957. Biology and control of the
Smut Fungi. Ronals Press Company. New York.622 ppe.

Figher, EA.‘B‘IB". On the correlation between relatives of the
supposition of Mendelian inheritance. Trop. Roy.
Soc, Edinb,52: 399-433,

Goel, R.K, ?%J.S.Jhooty {11985’. Inhibition of germination of
eliospores of _?_ua_ﬂ? ﬁgmzz% by different
iurglgitoxicants. ndian J,Mycol, P1l.Pathol, 15t
119=120.

Griff ing,B;1956. Concepts of general and specific combining
ability in relation to diallel crossing systems.

Halisky, P.M, 1965, Physiologic specialization and genetics of
the smut fungi. Bot. Rev, 31: 114=150."

Harinarayana, G.1965. In breeding and changes in fitness in
Pennisetum typhoides (Burm.) S and H.M,Se. Thesis,
IOA)R.I..' New DElhi' India. .

Hayman, B.I, 1954+ The analysis of variance and diallel tables.
Biometrics., 10: 235=244,

Hayman, B.I, 1958.The theory and analysis of dlallel crosses
, 11, Genetics 43t 6385,

Hayman, B.I, 1960. The theory and analysis of diallel crosses.
. III, Genetlcs 45 155-172. ‘

Hecke, L.1902. Vorversiche Zur Bekempfung des Brandes der

Kolbenhirse (Usiilago crameri aut Setaria i .
Ztschr Landwe Versuchsw. i. Osterr. 53 22-20.

Hecke, L.1903. Belzversuche gegen Hirsebrend. Ztschr. Landw.
! Ve;’suChSWQ osterr' §= 765.777.

H C.S. J Ao Hoiimann and R.D‘uran 1968 Variatim in the
odtm, CoSes t M tungls Ann. Rev Phytopathol. 6: 213-242




Hysain, A, and R.N, Thatur 1963 A new tecnique of inoculating
Pearlmillet with To ium penicillariae,
801. Qllt.@. 607" 08.

Jain S.Kes M, Ahluwalia, K,Shanker and A,B,Joshi 1961, A
diallel cross study of combining ability for
some quantitative characters in pearl millet I,
Lengt’r; angagirth of spike, Indian J.Genet, P1.Breed.
21' 1 5“1 .

Jinks, J,L. 1954, The analysis of continuous variation in a
dial%e?} gsrgss of Nicotiana rustica varieties, Genetics
39: ~788,

Jinks, J.,1,1956, The F, and back cross generations from a set
of diallel ®rosses. Heredity 10: 1-30,

Jinks, J,L, and B,I,Hayman 1953, The analysis of diallel
crosses, Maize Genet, Coop. News Lett, 27:48-54,

Jinks, JuLe and J.M.Perkins, 1970, A general method for detec-
tion of additive dominance and epistatic components
of variation, Ili o and back cross populations,
Heredity 25: h19-429.

Jomson,G,I,, R,D,Davis and R,G,0'Brien 1979% Soil gpplication
of CGA - 48988~ a systemic fungicide for controlling

Peronospora fabacing on tobacco P1, Dis, Reptr,
3t 212-215,

Jomson, J, C., W, G .Monson, G,W,Burton and ¥,C,Mccormick 1976,
Performance of dairy helfers grazing Pastures of
elther Gahi 1, Gahli 3 or Tifleal 1 Millet,J,
Dairy Scio 59: 19. '

1]

Kearsey, M,J, 1965. Biometrical analysis of random mating popula-
: tion. A comparision of five experdmental designs,
Heredity 20: 205-235,

Kniep,H, 1919. Untersxchungcin Uber den Antherenbr and U
ers. FUCkoZeitS- Boto11:257'28 .

Krismaswami N, 1951, Oriﬁin and distribution of cultivated
ants of Sou Asia, Millets, Indian J.Genet,Pl,
reed,11: 67=74, .

Kri amy, N.1962, Bajra:P Yyohoides S and H,Indian
smasw (!,ouncil Agric.Res, Cereal Crop Ser.11. 97 pp.




- Yo

Leppik, E,E,1970. CGene centres of plants as source of disease
resistance. Ann, Rev, Phytopathol,8: 323-344,

Liro,J.I1,1938, Die Ustilagineen Finnlands II, Ann, Acad.Sci.
fenn, Series A,720 pp. '

Madras Department of Agriculture 1954, Millets, Mem,Dept.
Agric, Madra,s Bot,Ser, 30: 1117-119"'0

Mather, K,1949. Biometrical Genetics.Dover Publications Inc.,
New York, 345 pp.

Mather, K, and J,L,Jinks 1971, Biometrical Genetics., 2nd edition,
Chapman and Hall Lid., London ,468 pp.

Mathur, B,L., G,Singh and R.B,L,Gupta 1971. Effect of fungi-

cides on smut (.T_tu.mag.nmm mﬁ%llauas) and
seed mycoflora of pearl millet, d., Antibiot,Bull,

1‘“ 14"160

Melchers, L.E,1927, Studies on the control of millet smut,
Phytopathology 17: 739-741.

Mundkur, B.B,1940. A second contribution towards a knowledge
of Indian Ustilagineles, Fragments XXVI-L Trans,
Br. My//ciol. Sec, 24: 313336, . ‘

Mundkur, B.B. and M.J,Thirumalacher 1952, Ustilaginales of
India, ' QMI, Monogr, Kew, Surrey, U.K,

Murty,B.R., J.L. Tiwarli and G.Harinarayana 1967. Line x tester
analysis of combining ability and heterosis for

ield factors in Pmiggm% Yyohoidese Indian J,
enet., Pl.Breed. 27: 238-245,

Murty,B.R., M.K,Upadhayay and P,L,Manchanda 1967. Classifica-
tion and cataloguing of world collection of genetic
sto}_ckaghoi Pennisetum. Indian J,Genet, Pl, Breed,27:
31 .

Nene,Y,Ls and PiN,Thapliyal 1979, Fungicides in Plant Disease
Controil. Oxford and IBH Publishing Co.New Delhi,
507 pple '

Panse, VG, and P,VeSukhatme 1967, Statistical Methods for
Agricultural Workers, I.C,A.R., New Delhi 381 pp.

Patel, M,H, and M.ViDesal 1959+ Use of Polythene bags to

gecure hiéh infection b ;
Bref, in Stgpf and Mubbard, Qurr.

sci. g: 2 2 ‘.




P athak, V.N and B, S.Shekhawat 1980. Physiological studies
n T penicillariae, Indian Phytopath,
33 208-211.

P athak, V.NP and R,K Sharma 1976, i%}elthud of :Lnoculatlcn of
W

and evaluation of germplasm ior smut resistance.

Indian J.Mycol, P1. Pathol, 6: 102,

Pathak, V.N, and S¢CeGaur 1975, Chemical control of pearlmillet
Smll'h. Pl, Dis. Reptro 59 537-5380

Pml, P,S., G.S.Nanda and S.P.Gupta 1973. Combining ability
%n peggl millet, Indian J.Genet, P1,Breed, 33:
34=339'

Rachie,K,04 and J.V.Majmudar 1980. Pearlmillet, Penn, State.Univ.
Press, University Park. 307 pp.

Ramakrisman, T,S. 1971, Disease of Millets. I,CiA.R, New Delhi,
India 152 pp.

Sangwan,M.S, and D.P, Thakur 1980 Screening of pearl millet
ﬁenotypes for smut disecase, Haryana agric, Univ.J,
es. 11t 249“2520

Satija,DeRs 1972, Genetic analysis of adgptation and response
to selection in biparental and self populations of
pearl millet, Indian J,.Genet, P1l,Breed,32: 405-410,

Schellenber}%, H,C, 1911. Die Brandpilze der Schweiz. Beitr,
rypt.Fl SchweiZ, 111, 2.

Sharma, K.B, and L.C, Sharma 1976 Chemical control of Pearlmillet
rust and smut. PANS 22: 410,

Singh, B.D,1983. Plant Breeding. Kalyani Publishers, New Delhi,
India- 516 PPe

Singh, F, 1976, Genetics of downy mildew resistance, yleld
d yield contributing traits in Pearl millet
;mbﬁiiggg Bmm.? Stapf. end Hubb). Ph,D,
T sis, ndu University, Varanasi, India,.

Singh,F,, R.M, Singh , R.K.Singh and R,B,Singh 1979, Genetic
archite mre of yield and 1ts components in H??

millet EPMF%? (Brum.) S and
India.n J ene L' * reea.o E‘ 82‘870



=yii-

Singh, R,K, and B,D,Chaudhary 1977. Biometrical Methods in
' mantltative Genetlc Analysis. Kalyani Publishers,
New Delhi, India. 304 pp's

Stakman,E,C, and J.J Clkistensen 1953, USDA Yearb, Agric.
19533 35=62,

Subba Rao, K.V, and R.P,Thakur 1983, Tolvposportup penicilla-
M the causal agent of Pearlmillet smut, Trans.
ycol, Soc. 81: 597-603.

Thakur, R.P., K,V,Subba Rao and R,J,Williams 1983a, Effect of
, Bollination on smut development in pearlmillet, P1,
a‘thol. 320 1#1’1"’"’.

Thakur, R,P,, K.V,Subba Rao and R.J.Willigms, 1983b. Evalua~
tion of a new field screening technique for smut
resistance in pearlmillet, PhytopathOIOgy 732
155"12580

Thakur, R.Pi, K.V.Subba Rao, R.J.illigns, S.0.Cupta, D.P.
md{ur' S D Naiade, V Sundaram, J A rowd and
J.E, Guthrie 1986, Identification of stable resis-
tance to smut in Pearlmillef. Plant Dis.70 38-1;1.

Thirumalachar, M.J.1966, Congpectus of our knowledge in the
%_enera of the Ustilaginales, Indian Phytopath 19:
13

Thimmalachar MJ. and P,Neergaard,1977. Studies on the genus
0 ium Tolvposporidium gen.nov.Friesia 11:
177-192.

Tripathi, R.K, and G.Bhaktavatsalam 1977 Growth of Iolypospo-
on.different media and jn yitro
screening of fungicldes agalnst the fungus,
Pesticides 11: 60,

Vanky, K. 1977. i ,a new genus of ustilaginales, Bot.
Notiger, 130: 131-135.

Vasey, HiE.1918. Millet Smuts and their control. Colorado Agr.
EXPC Sta. BUI. 2420 PP 1=18,

Vasudeva, RS, and M.R.S,Iyengar 1950, Secondary infection in

bajra smut disease caused by Iolvposporium penicilla-
m Brei. Qurr, Sei. 19: 123,

Verhalen,L M., and J.CMurray 1969, A diallel analysis of several
tibre. Propert traits in upland cotton (Gossypium
hirsutum 1 I Crop Sci. 9¢ 311=315,



-yiii-

Verhalen,L,l,, C.Walter, B,A,A.R.Morrison, F.,Kweechong and
J,C.Murray 1971, A diallel analysis of several
agronomic t§aits in upland cothon ?
hirsutum L Crop Sci 112 92-96,

Wells, H.D 1967+ Effectiveness of two 1,4-0xathin derivatives
: for control of .ﬂ%}m smut of pearlmillet,
Pl. Dis.Reptr. 51= e .

‘Wells, HD,, G,W,Burton and D.K,Ourecky 1963, 0
smut, a new disease on Pearl millet, Emmﬁ
g&gm in the United States, P1,Dis, Reptr. 47:
19'

Williams, R.J,1984, Downy mildews of tropical creals., Adv, in
Plan‘b Pathol. 2: 1=103,

Yadav,RePe 1974 Inheritance of smut resistance in Pearlmillet.,
, Agra Univ.,J,Res, 23: 37-3.

Yen,V,Y. 1938. Ustllagainales d' Afrique recueillies Par M,
Murat I + Mycol, 3: 85=90,

Yu, T,Fs, HK,Chen and L.Hwang 1934, Seed treatment experiments
ior controlling kemel smut of millet, J.Agr,
ASSOC. 122- 1“18.

Z1i1lig, H,1921. Uber specialisierte Formen bei Antherenbrand
Ugtilaco 1&%&_&3 ?Pers. ) Fuck, Centralbl, Bakt,II
Abt, 53: 33-Th. :

Zundel, G, L, 1953, The M_Aﬂl.a&&alﬁﬁNOi the world. Pennsylvania
State College Contrib., No,176,




APPENDIX

v

Table 1: AnaIYS:I.s of variance for length of sporeballs of
Tolvposporium penicillariae isolates.

(Ret. Table 6).

Soume of Variat'lon def Soso Mososo
Isolates 5 18761,18 3752, 2lx#
Error 12 6,72 2,23

Table 2 Analysis of variance for breadth of sporeballs of
Dopenicillarige isolates

. (Ref. Table 6)
Source of Variation defe S. S, M,S.S,

Isolates 5 10956, 36 2191, 27%*
EI‘I'OI' » 12 124 56 1 005

Table 3: Analysis of variance for diameter of teliospores of
T.penicillariae from different locations (isolates)

(Ref, Table 7)

Source of Variation dofo SDSO Mo Soso
Isolate ‘ 5 12412 2.442%%
Error | 12 0412 0401

Table 4 Analysis of variance for length of sporidia of
penicillarize from different locations (1solates)

(Refo Table 8)

Source of Variation d.f SeSe M,SeS,
Isolate 5 93,00 18.6%%
Error 12 2412 017

Table 5: Analysis of variance for germination percentage of
sporeballs of different isolates of I.penicillarisa.

(Ref.Table 9)
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Source of variation d.f, S¢S, - M.S.S,
Isolate : "5 247628 195 , 26%*
Error co 12 63422 5¢27

Table 6: Analysig of variance for threshold time for germina-
tion of sporeballs of diiferent isolates of

Zepenicillariae,
(Ref, Table 9)
I sola'he 5 | 20. Ll'l" L, 08%%*
Error 12 1.89 0.16

Table 7: Analysis of variance for effect of different nutrient
media on growth of the isolates of T.penigillariae.

(Ref,Table 11)

Source of variation defe SeSe M.S, 8,
Media - 4 1837.92 384, 48%*
Isolate - 5 0.60 0,12
Media x Isolate r 20 2,76 0o14*
Error - 90 bl 0405

Table 8: Analysis of variance for mean colony diameter of

. the isolates of T.penigillgrise at different
temperatures.

(Ret, Table 12)

Source of variation defe S S M.S,.S.
Temperature - 5 163176 326435%*
Isolate 5 0431 0.02
Tmperature x Isolate 25 0:92 0.06%
Error 108 ke 0.03

Contdc xxs
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Table 9: Anglysis of variance for mean colony diameter of
the isolates of T.penicillarise at different pH

levels, - p
3 (Ref, Table 13)
Source of Variation defs S.S, M,S.S,
pH 4 1521485 380, 46%*
Isolate | 5 0.48 0e11
pH x Isolate 20 2,56 0e13%
Error 96 Le32 0,05

Table 10: Analysis of variance for pathogenicity of different
isolates of T.Penigillarise to different genotypes

(Ref. Table 14)

Source of Variation d.f. SeS, M. SOS .
Isolate 5 5035 . 1007
Genotype 6 79497 .06 13249 ,51%*
Isolate x Genotype 30 143,66 479
Error 84 354463 be22

Table 11: Analysis of variance for percent inhibition of
teliospore germination by different fungicides.

(Ret, Table 21)

Source of variation def.

Treatment (Fungicide) 6
Concentration 5
Treatment x concentration 30

Error 84

S.S.

12734, 66
73203 24
2802.35

85,46

M- Sosbo
0922, lly**
1464L0,65%*%
9B LRk

1.02

contd,..




Table 12:

4

Analysis of variance for effect of fungicidal
concerj.tratior} on average colony diameter of

(Ref, Table 22)

Source of Variation def, S.S. M,S.S,
Treatment (Fungicide) 6 449,89 7L,98%%

Concentration 5 1386,65 277 o 3B

Treatment x 30 119.39 3,08%%

concentration

Error 84 1427 0,02

Table 13: Analysis of variance for disease severity (pre-
inoculation fungicidal spray)

(Ret, Table 23)

Source of Variation defe SeS. M,S,S,
Replication 2 4,72 2.36
Treatment 7 3712.98 530443
Error 14 67456 4,83

Table 14: Analysis of variance for disease severity ‘(pc‘st-‘

inoculation sprays) (Ref. Table 2L).
Source of Variation defs S.S. M,s.S.
Replication 2 0.57 0,28
Treatment . 7 18258,38 2608, 34
Nos, of spray 3 1416.79 472, 26%*
Treatment x Spréy 21 410,48 19 455%%
Error 62 13.86 0622

contd,..



Table 15¢ Analysis of variance for disease severity
( combination of pre and post~inoculation sprays)

(Ref, Table 25)

Source of variation d.f. SeSe M.S.S.
Replication 2 1.40 ' 0.70
Treatment ‘ 7 15L448,7L 2206 ,96 %
Spray combination 2 96,97 48, L8%*
Treatment x Spray 14 53,74 3,84
combination

Error : 46 25.37 0.55

K HH* ¥
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