STUDI ES ON ALTERNARI A BLI GHT OF SUNFLOWER | NDUCED BY ALTERNARI A
HELI ANTH (HANSF.) TUB. & NISH IN N CER A

Bitrus Sale TANG AN
B.Sc (Agric) ABU, PGE (Unijos)

A thesis submtted to the Postgraduate School, Ahmadu Bello
University, Zaria in partial fulfilment of the requirenents for
the degree of Master of Science in Crop Protection.

Departnent of Crop Protection
Faculty of Agriculture
Ahmadu Bello University,
Zaria, N geria

Decenber, 1995



i
DECLARATION
1 hereby declare rhat thls thesis has been written by me and
that 1t 1¢ a record of v own researrh work. It has not beern

presented before 1in any previous application for a higher degree.

?'1 .t | 2 -
N ‘ NG . D. P

Bitrus Sale TANG'AN | Date
(M.Sc Candidate)

The above declaratiocn is confirmed.

- APheeps ok ©3.96
Dr A.L. Akpa Date
{Major Supervisor)



133

CERTIFICATION

This thesis titled "Stucies on Alternaria blight of
sunflower induced by Alternaria helianthi (Hansf.) Tub. & Nish. 1in
Nigeria" by B.S. Tang'an meets ‘he regulations governing the award
of the degree of M-sster of Science of Ahmadu Bello University,

Zaria and 1is approved fc. 1it's contribut_on to knowledge and

literary presentation,

T ot o3 96
Dr A.D. Akpa Date
Chairman, Supervisor; Committee

T
Member ; supervisory Committee

%/ - /] X
Dr I. Onu _ Date

Head of Department

rof. D. Mohammad{ Datk

Dean, Postgraduate School



iv
DEDICATION

This ce of work is épecially dedicated to my wife Mrs.
Monica B.

Tang'an and My sons Masters Zughumna'an,

Diret anqg
Tapji.



v
ACKNOV - EDGEMENT"

I wish to express iy deep appreciation to the College of
Bducation Gindiri for giving me the opportunity to undertake this
study on full time.

I am greatly indebted to Dr. A.D. AKkpa my Major Supervisor
who at all stages of this research guided and »ifered me
constructive critisms. I gratefully acknowledge the contribution
of Prof. 1.D. Erinle a member of the supervisory committee who
also went through the work and offered useful suggestions.

I wish * erpress my sincere gratitude to my wife Mrs. Monica
B. Tang'an for her numercus sacrifices, patience, c¢are and
encouragement without which the studyv wculd have remained far from
reality.

I am grateful to the Department of Crop Frotection for making
available to me it's laborcilury and grecriouse facilities for this
study. I thankfully acknowledge the technical contribution of Mr.
D.A. Alawode and Mr. 5. Areh for their technical services both 1n
the laboratory and in the field.

I am also grateful to Dr. 8.G. Adce for providing me with the
various sunflower varieties for the research. I wish to also
acknowladge the support and encouragement from all friends. Above
all I am grateful to my Lord and my God without whom I would have

been a failure.



Vi
ABSTRACT
Sone aspects of the control of Altenaria blight of sunflower

incited by Alternaria helianthi (Hans.) Tub. & Nis. were studied

in Samaru during the 1991 and 1992 wet seasons. Labor at ory

studies confirmed that the pathogen is seed-borne and that ail the

five sunflower varieties evaluated were susceptible to the
di sease. In both glasshouse and field trials, it was denonstrated
that seed treatnment with netalaxyl + carboxin, car bendazi m+

maneb, mancozeb and carbendazim + iprodione each a. 1,2 and 5g
a.i/kg seed significantly increased seedling energence and al so
reduced incidence of seedling blight, nunbers of |eaves shed and
| eaf spot severity conpared with the untreated check. Metal axyl

+ carboxin at 1 and 2g a.i/kg seed gave the overall best results.

The three fungicides (benonyl, Carbendazim + maneb and
mancozeb) evaluated for the control of Alternaria leaf spots
significantly reduced the leaf spot severity conpared with the
unsprayed check. Carbendazim + maneb at 2.4kg a.i/ha gave the
best leaf spot control probably because of its systemc and
protectant qualities.

Wiereas the differences among the five sunflower varieties
(Record, Funtua, Chernaanka, I|sanka and Snena) screened for
resistance to Alternaria blight in respect of needling energence,
nunbers of |eaves shed prematurely and blight severity were not
significant during the 1991 wet season, those of 1992 were
significant. Smena bad the highest blight- severity while Funtua

and Cher naanka had the | owest.
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An  integration of chemcal and other disease contro

strategi es has been recommended for control of Alternaria blight,
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i INTEODUCTION

1.1 The Sunflower

Sunflower (Helianthus annuus L.} is an economically valuable
crop throughout the world and cultirated on a large scale in the
Commonwealth of Independent States {(C.1.8.), Romania, USA and
Central America. It 1s relativeiry new tao most nther parts of the
wnrld. There , however, an increase in the demand for the crop
because of its high guality o©il which is a rich source of
polyunsaturated fatty acids for human consumption and industrial

purposes .

1350 Systematics, Origin, History and Distribution

Sunflower 1s a dicotyledenous plant with stout and often
unbranched erect stems. It belongs to the division spermatophyta,
Class Angiospermae, Subclass Dicotyledonae, Order Asterales and
the family Compositae, thé largest of all plant families
comprising of about 20,000 species (Benson, 1959; Cobley, 1976).
It is a membe  the tribe Heliantheae (Bens«~, 1959), and the
genus Helianthus, consisting ot #0-100 annual and perennial
species (SBackston, 1981; Purseglove, 1974).

The crop 18 said to have originated from temperate North
America (Sackston, 198.). The European explorers who came to the
Americas 1n the 15th and 16th Centuries sent samples of all the
plants home. The plant 1s believed to have been revzred by
ancient sunworshippers 1in Peru. The crop was introduced 1into
Spain from Central America by early explorers and Merchants

{Chapman and Carter, 19876). According to  Sacksten (1981)
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sunflowers which were used by American Indians as source of food
01] and dye were grown largely as curiosities and ornamentals.

Farly in the 19th century the plant reached the farmlands of
Pussians and found favour as source of food and edible oil. Its
success 1n Russia and Europe led to the introduction and trial of
the sunflower as a crop in North and South Africa, India, China,
Australia and North and South America (Sackston, 1981). El Baradi
(18973) also reported that by *he 19th century, cultivation of the
crop had extended rapidly, first 1in the CIS and South Eastern
Europe and iater in Argentina where it became established. Today
the c¢rop is adapted to both tropical and temperate regions where
rainfall is below 3500mm .Weiss, 1966), Thus 1t 1s now grown in
very many parts of the world (Masefield et al., 1975. Acland,

1977; Qagunremi, 19/9).

1.1.2 Usage, Production and lmportance

Sunflowers were practically unknown as a commercial crop 1in
horth America and many parts of thne world prior to 1940. However,
the worldwide interest 1in the crop was aroused during the 1960s
and by 1980, it was the seconz most importasat source of edible
vegetable nil in the world (Sackston, 1981). Sackston {1981)
further pointed out that the skyrocketting prices of petroleum in
the 1970s led to experimentation with sunflower o1l as fuel for
diesel engines. Jaap (12:9) reported that sunflower seed 15
produced in significant commercial guantities in at least twenty

different countries dispersed among the developed, developing and



centrally planned economies.

The leading producergs of the crop are the CIS, Argentina,
Romania, Bulgaria, Poland, Hungary, Uruguay, Chile and Yugoslavia
(Martin et al., 1976). In Nigeria, COgunremi (1979) reported a
preliminarytrial conducted at various parts of Oyo, Ogun and Ondeo
States where yields of up to 4.0t/ha were obtained. Preliminary
varietal t s in parts of Kadawa, Sada and Kazaure in the
Savannah region of Nigeria proved that the c¢rop had some
production potentials in Lhose areas (Anon, 1986).

The world production as at 1980 was 13,174,000 metric tonnes
from 12,374,000 hectares while the production in Africa stood at
473,000 metric tons from 506,000 hectares (Anon, 1980). Though
there has been no officially recorded hectarage figures in
Nigeria, the crop was once cuitivated rather widely in the semi-
arid Sudan Zone and 1t is known to be tolerant to drought (Yayock
et. _al; 1986). However, high as the potential of sunflower 1s as
a crop for the drought-prone areas of Nigeria, it has so far
received 1i’' "3 research attention (Yayock, et al., 1986).

Sunflower 1s produced mainly for its o0il which varies from
25-50% (Acland, 1977; Martin et al., 1976). According to E1l
Baradi (1973) the o0il i a soft type with excellent keeping
qualities, a relatively low solidifyving point; it 1s high 1in
polyunsaturates and when refined attains a pleasant flavour, It
is highly regarded as a salad and cooking oil and 1s widely used
as an 1ingredient 1in the manufacture of margarine and compound

cooking fats {Masefield, et al., 1975). The oil is also used for
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technical pv. . ses, varnishes, paints, plastics, cosmetics and
soap (E1 Baradi, 1973). Research using several makes of diesel
engine has shown that sunflowe: seed oi1l and particularly when
mixed with ethyl ester has the potential to extend fuel {Bruwer et
al., 1981). Martin et al. {1976) reported that hybrid varieties
with large stripped reeds can be eaten as a confection either
roasted or in candies. The leaves and stems can also be used as
fodder either fresh or as silage while the o0il cake 1s mostly fed
te livestock and some for fertilizer manufacture (Martin et al.,
1976). The seedmeal is a good source of vitamin complex suitable
for infant feeding. Furthermore, the husk is used for preparation
of ethyl alcc’ *, furfural and yeast while the hulls are sometimes
used as source of heat (El1 Baradi, 1973)
1.1.3 Insect Pests and Diseases
1.1.3.1 Insects Pests

Several 1insect pests have bheen reported associated with
sunflower. Such 1nsect pests attack sunflower at seedling,
foliage production as well as ear and head formation stages. The
major insect pests 1i1nclude false wireworm {Gonocephalum macleayi)
bud worms Heliothis armigera Syn. Helicoverpa), aphids (Aphis
gossypi) and Jassids (Antrcasca terraeviginae). sunflower
moths (Homoeosoma electullum) as well as Neotrephristis finalis
which damage *»~» developing seeds also attack the crop (El Baradi,
1973; Chapman and Carter, 1976; Arthur and Campbell, 1979; Genung

and Green, 1984).



2388 Diseases

Diseases have constituted a serious set back to the
production of sunflower. The crop is seriously affected by
various fungal diseases notably Alternaria leaf and Stem spots
(Alternaria .ianthi (Hausf.! Tub. and Nis, which 15 highly
destructive in areas with high temperature and humidity. Pirone
(1978) reported the following as the fungal pathogens causing
diseases in sunflower: Alternaria helianthi, Cercospora helianthi,
Phyllostica helianthi, Asccchyta cumpesitarum, Septoria helianthi
all causing leafspots while Puccinia helianthi, P. massalis,
Urenyces Jjunci, U. silphi and Coleosporiui helianthi are rust
pathogens. Other pathogens according to Richardson (1979), Fivawe
(1987), Neergaard ({1977) and Sackston (1987) are Plasmopara
halstedii (downy mildew), Verticillium albo-atrum (verticillium
wilt) Sclerotinia scleroticorum (Sclerotinia wilt and Stem rot),

Botrytis ¢in 1 (grey mold) and Macrophomina phaseolina (Charcoal

Nyvall (1979) reported that the most severe seed-borne
Alternaria leaf and stem spots (Alternaria helianthi). Similar
fungal infections have been reported by Bekesi et al. (1970), El
Baradi (1973) and Green et al. {1984) who in addition documented
attack by Rhizoctonia solani (Rhizectonia stem canker) and
Rhizopus arrhizus {(Rhizopus head .ot) as well as Pythium spp and
Fusarium solani c¢ausing seedling blight. Woldekidan [(1986)

reported that among the wv-risus diseas=sg identified in Ethiopia
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from 1981-1986 the economically important ones were downy mildew,
stem and head rot, rust and Alternaria leaf spot.

Some assorted bacteria and viruses attack the crop.
According to Pirone {(1878), Green et al. {1984), Jones and Walt
(1988) and Nyvall (1979), the bacterial pathogens include
Pseudomonas  syringae pv  helianthi  (bacterial spot), P.

solanacearum (bacterial wilt), Agrobacterium tumefaciens (crown

gall) and Erwinia carotovora var atroseptica (Erwinia stalk rot).

Lamboll ({1987) reported the .incidence 2f rugose mosailc and
yellow ringspot (viral infections) in Tanzania. Theuri et al.
(1979) similarly reported that these viruses were associated with
two different disease ~ymptoms 1n sunflower in Kenya; one a vyvellow
blotch and the other a leaf crinkle.

From the foregoing it 1s evident that sunflower has Long been
subjected to attack by pests and diseases. It can, therefore, bhe
predicted that 1f sunflower hectarages in Nigeria continue to
increase, disease problems will increase in number and seve;ity
unless the crop is sk’ 1lfully managed. Hitherto the introduction
of sunflower to Nigeria has not heen accompanied by a systematic
focus onthe diseases of the crop. Research on the occurrence of
A. helianthl and yield loss studies have shown that it 1s a
potentially sericus disease (Lipps and Herr, 1986; Carson, 198%).

The plant parts usual_y airvroc.ked by the pathogen include roots,
stems, leaves, capitulum and seeds.
In many countries, consistent use of seed treatment

chemicals has been the practice in order to reduce the density of
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primary inoculum. A high level of primary inoculum results in
early infection of the seedlings and subsequently the growing crop
thereby causing serious losses.

If the potential of sunflower as an zlternative o©il crop in
Nigeria 1s to be realised the < mage and subsequent loss —aused by
Alternaria should be given proper and immediate attention. Steps
should be tavev to avoid a potential epidemic status 3t is likely
to attain under large scale production. So far, there 1is a
paucity of published informzction ou the »iology and control of the
fungus in Nigeria. It is against this background that a detailed
work on this disease was deemed necessary. Experiments were
therefore designed to:-

1. Determine the pathogenicity of the fungus;

2. Determine the effects of seed treatment chemicals on the
incidence and severity of the disease;

3. Evaluate foliar fungicide sprays for the control of the
disease; and

4. Screen s=some sunflower varieties for resistance to the

disease.
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2. LITERATURE REVIEW

2.1 THE PATHOGEN AND THE DISEASE

213 Aetiology

The involvement of Alternaria helianthi in pathogenicity of
sunflower has not been fully studied. E1 Baradi (19%73) however
reported that A. helianthi 1is much more destructive under high
temperature and humidity. After inoculating sunflower with A.
helianthi both in the field and in the greenhouse, Acimovic (1979)
discovered = t spotting of the leaves increased destroying plant
parts in 8-10 days. He reasoned that the rapid withering of plant
parts may be due te a secretion of toxins by the fungus into the
tissue of the host plant. Barash and Mor (1981) reported the
ability of gliggnggia spp to produce phytotoxic substances. They
isnlated zinniol produced by A. aqauci from hlighted carrot leaves.
1t was found to be the major metabolite. it 18 therefore most
likely that such phytetovi~ substances are produced by A.

helianthi thereby enhancing disease establishment and development.

$.1.2 Systematics and Cultural Characteristics

Altern~ " helianthi is a fungus belonging to the group of
Dematiaceous Hyphomycetes (Jolv, 1967}). It belongs to the order
Monilales, the family Dematiaceae and the Porosporae series
characterised by the production of dark spores (Clements and
Shear, 1954; Barron, 1968). The pathogen was first described as

Helminthosporium helianthi Hansf. in 1943 as the cause of blackish
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brown zona' Jpots on leaves of sunflower in Uganda (Herr and
Lipps, 1982). According to Acvimovic (1979) Tubaki and Nisihara
discovered the pathogen and renamed it Alternaria helianthi
because of the occurrence of longitudinal septa in the conidia and

the porogenous conidial development. He further maintained that

helianthi are one fungus. Today the current name of the pathogen
is Alternaria helianthi (Hansf ) Tub. and Nis (Acimovic, 1979).
A. helianthi conidia are c¢ylindrical, non-beaked and borne
singly with average size of 100 x 25 pm (Herr and Lipps, 1981).
Under higher magnification conidia are cylindrical to enlongated-
elliptic, st - "ght or slightly curved, yellowish brown in colour,
septate with 4-11 transverse or occasionally longitudinal septa,
constricted at the septa and rounded at both ends. They further
maintained that the pathogen on seeds is confined tc the seed coat
or plant fragments present in seed lots. <Colony c¢haracterization
is usually reddish brown and less fuzzy (Herr and Lipps, 1982).
The best growth media for A helianthi according to Herr and Lipps
(1982) was shown to be V-8 juice agar which produced average
colony diameter of 18.7mm 1in daikness and 30.3mm in continuous
fluorescent light at 25°C. Growth was enhanced under continuous
fluorescent light than under darkness. The pathogen also grows
well in fresh Pntato Dextrose Agar {(PDA) (Jeffrey et al., 1985).
Allen et al. (1983) also reporied that the pathogen grows and
sporulates better on PDA amended with a sunflower seed extract

than other media tested.
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2v1.3 Sy . oms of the Disease

Seedling blight and leaf spot induced by_AiL_;pg;ig helianthi
is characterised by symptoms which vary with the age of the plant
and cultivar. Tosl and Zazzerini {(1990) observed that the symptom
of 1infection starts with -« 1rregular o: angular necrotic spot
surrounded by a chloreotic halo which develops initially on the
lower leaves and gradually spread to the upper leaves.
Coalescence and enlargement of leaf spots results in withering,
drying and loss of leaves (Herr and Lipps, 1982). Herr and Lipps
(1981) observed that leafspots lhiave dark brown margins with grey
centres ranging from several millimetres to 1.%cm in diameter
while stem 'ns start as black flecks or streaks enlarging
later to cover large area of the -tem. Allen et al. (1983) further
demonstrated that the highest level of disease occurred in the
lowest leaves which move up the plant under favourable condition
thereby increasing the apparent rate of senescence relative to
natural senescence on diseas«-tree plants. Thus the fungus causes
brownish-black spot on sunflower which results 1n premature
withering of leaves causing serious yield losses (Acimovic. 1979).
Infected stems bear blackened lesions with some stalk breakage.
Shane et al. (1981) also observed that infected plants showed dark
brown, oval to diamond shaped, slightly sunken lesions on the
stems at or s! "tly below the soil It was also shown that some
of the stems completely girdled by lesions were killed while
affected leaves were greatly reduced in si- 2 and completely

blighted. Infected plants alsc suffer defoliation with freguent



exhibition of lodging

2.1.4 Tr nission

The leafspot of sunflower induced by Alternaria helianthi was
reported in Ohio. Herr and Lipps (1982) demonstrated that the
pathogen 1is seed-borne and attributed the introduction of the
disease into the area to rlanting of infected seeds. Hence the
seed-borne means of dispersal constituted a sericus threat to the
production of sunflower in North America (Sackston, 1981). The
occurrence of the pathgogen on sunflower was reported 1n several
places {Herr and Lipps 1982; Moris et al; 1983, Shane et al 1981).
The pathogen is capable of initiating disease over a wide range of
temperatures. Jeefrey et al. (1985) showed that 1inoculation of
sunflower se- ’ with conidial suspensions of A. helianthi resulted
in the development of lesions on the stems and leaves. It has
also been noted that over-wintering of tne pathogen on sunflower
residues may be of great significance in maintaining the disease
once the pathogen has been introduced into an area (Herr and

Liprns, 1982).

2.%.5 Host Range

Alternaria helianthi is Xknown to have a wide host range
though 1t 1s more restricted tc sunflower. During the comparative
testing for the degree of pathogenicity of A. helianthi 1in
Helianthus ~»»vus L., H. tuberosus L., Ricinus communis L,

ucanthemum vulgare L and Ziniia elegans J., a high degree of
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pathogenicity was found-on H. annuus, very high on H. tuber
low on R.communls and very -low on L. vulgare and Z. elegans
(Acimovic, 1979).

Lipps and Herr (1986) studied the reaction of Helianthus
annuus and H. tuberosus to Alternaria helianthi. They demonstrated
that H. t© _osus accessions had significantly lower disease
incidences than H. annuus hybrids. They suggested that H.
tuberosus may be a promising source of resiscance to A. helianthi.
This further confirms that the pathogen survives much more on
these two plant species. #ioris et al. (1983) also studied the
re action of Helianthus spp to A. helianthi. The result showed
that all the annual taxon, Tithonia rodundifolia, were

susceptible, The perennial Hellanthus specles were susceptible

except for H. hirsutus, H. rigidus and H. tuberosus. Plants with

the highest disease incidence .nclule H. annuus, H. anomalus B, H.
bolanderi G., H. debilis sub sp debilis Nutt; H. exilis Gray, H.
neglectus ¥ ~°r H. niveus Gray, H. paradoxus, H. atrorubense L.,

H eggertii Small, H. gracilentnus, H. longifolus, H. pumilus Nutt

and H. silphioides Nutt, the majority of which are annuals.

2.1.6 Geographical Distribution and Importance

Fungi are the most pv:svalent phytopathogens in every region.
According to Acaimovic (1979) Alternaria helianthi 1is the most
widely distributed and the most harmful agent causing spotting
of aerial parts of sunflowers. Sackston (1981) reported that the

disease 1s widely distributed in Asia, Australia, Argentina and
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various countries 1n Zastern ~arope - being particularly
destructive in Yugoslavia. The disease has also been reported in
many parts of the USA and China (Herr and Lipps 1981, Shane et al.
1987; Liu and Li, 1988). This suggests the wide distribution of
the pathogen (as 1t 1s favoured by high temperature and humidity
(Agrawat et al 1979).

Alternaria helianthi 15 the most recent leaf-, stem-, and
head- spotting pathogen which appears to be the most threatening
disease of sunflower (Sackston, 1981). This disease was
responsible for poor to non-existing ylields in the 1978 and 1979
cropping seasons in Florida (Green et al., 1984). Acimovic (1979)
tested the Soviet sunflower cultivar VNINMY 8931 in Yugoslavia for
pathogenicity and discovered that tne diseasc developed slightly
faster on the leaves than on the stems. The result also showed
that A. helianthi was highl, pathogenic -n Helianthus annuus.
Hence when the epiphytotics occurred in the field the leaves were
the first to be killed followed by stems and then heads.

In a preliminary survey oi leafspots of sunflower 1a South
Africa, Holtzhansen (1980) observed a high degree of pathogenicity
by Alternaria spp. VYield losses of 10-50% and total crop failure
have been associated with Alternaria leafspots (Liu and Li, 1988).
Green et al. (1984) also reported that only 20-50% seed yields of
the projected 2,242 kg/ha were cbtained as Alternaria blight
became the most prevalent and most severe sunflower disease 1in
commercial fields. Herr and Lipps (1982) aiso reported severe

attack of sunflower leaves and stems by A. helianthi in Ohio
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during the 1980 season resulting 1n extensive defoliation and
lodging of plants. They further demonstrated that A. hel.anthi is
pathogenic on 4-week old sunflower seedlings. Leafspot induced by
A. helianthi have also been reported as an important foliar
disease of sunflower in Vidarbha and that it assumed sericus form
from August to October resulting in severe foliar damage (Rant and
Kale, 1976).

Mathur et al. (1©78) in estimating losses due to Alternaria
blight of sunflower showed that heavy disease appearance caused
sighly signit.cant reduction in plant characters like height, stem
girth, head diameter, seet weight as w211 as kernel and oil
percentage. Artificial 1inoculation of 15-day old plants of
susceptible cultivar EC 68414 with A. helianthil resulted in 100%
mortality and a great reduction in vield per plant (Ghemawat et
al., 1990). Jeffrey et al. (1985) also reported that inoculaticns
of sunflower seeds with conidial suspension of A. helianthi
resulted in the development of lesions on the stems and leaves of
progeny plants proving its pathogenicity. Infection by A.
helianthl has been shewn o predispose sunflower plants to
bacterial infection (Jones and Walt, 1988),. A. helianthi 1n
~ddition to . wucing germinability of the seeds of sunflower
induces seedling diseases and serve as a source of infection for

grown up plants (Sharma, 1¢7 ).
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2.1.7 Control of Alternaria Leafspolis

Since it has been established that Alternaria helianthi is
seaed-borne, fungicidal seed treatments may limit the introduction
of the disease to new areas. Neergaard (1977) stated that the
commonly used fungicides for the control of Alternaria blight are
maneb, Ziram and zlneb an¢ sometimes captan sprayed at 5-10 day
intervals. Kolte et al. (1980) demonstrated i1n four wet season
field trials that application of four foliar sprays of 0.3%
mancozeb decreased A. helianthi infection of sunflower by 17-33%
and increased seed vields by 43-65%. An evaluation of fungicides
also showed that the best control of A. helianthi infection on
sunflower was obtained with foliar sprays of Dithane M-45
{Mancozeb) and ziram followed by Fytolan {copper oxichloride),
Dithane Z-78 ({(Zineb) and Macurrax (cupric sulphate + cufraneb
{Bhaskaran and Xadasw my, 1979), Agrawat et al. {(1979) tested the
efficacy of eight fungicides namely Dithane M-45 (75% zinc 1ion +
nanganese etu;.ene bis-dithio-carbanate), Zineb (75% Zinc ethylene
bis-dithiocarbonate), Benlate {(methyl i1-(butyl)
carbamoyl-z-benzimidazol), Miltox (37.5% copper oxychloride + 12%
zineb}, Blitox-50 (50% <copper oxychloride), Tecto-90 (30%
thiabendazole), Bavistin (2-methoxy-carbamoyl-benzimidazol) and
Calixin (N-tridecyl 1-2-6¢ dimethyl morpholine) for the centrol of
A. helianthi and found that heavy infection occurred 1in the
untreated check while Bavigtin and RPenlate were the most effective

fungicides followed by Tecto-90 when sprayed at an interval of 10

days as prophylactic sprays or even after disease appearance.
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imilarly Abraham et al. (1976) had reported effective control of

> ®

lternaria blight using Dithane M-45, Miltox and Renlate.

To determine the effect of seed-borne A. helianthi and seed-
applied fungicides on emergence of sunflower seedlings, ./effrey et
al. {(1985) found out that the mean stand in the no-fungicide-
inoculated seed plots was significantly less than no-fungicide-
uninocculated seed plots. They further showed that of the 8
fungicides tested in vitro, chlorothalonil and thiabendazole
completely inhibited the growth of A. helianthi whereas in field
seed-treatment test, only chlorothalonil provided consistent

control of seedling blight as shown by the stand counts. Okoll et

al. (1989) in evaluating seed dressing chemicals for the control

o
s

Alternaria blight of sunflower in Zaria, Nigeria discovered
that the most promising chemicals at all concentrations (0.1%,
0.2% and 0.3% a.i) were Rovral TS, Lyrene, Fernasan D, Rovral and
Marshall. According to them Bronocot was found to be phytotoxic.
The most affective methods of controlling seed-borne dissases
of sunflower 1s by seed treatment. Seed treatment with fungicides
which could protect the seedlings againest infection by soil-borne
invculum for the first 3 weeks and subseguent disease ocrurrence
will extremely be useful in the control of seed borne A, helianthi
of sunflower. Nedeku et al. (1990) demonstrated that exposure to
fungicides reguired for total killing of the pathogen varied from
45-180 minutes with Vinclozolin showing the highest fungicidal

activity followed by Iprod.une, Thiram and Captan in that order.

Fivawo (1987) recommended seed-treatment using Captafol and
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benomyl for the contreol of A. helianthi. In a paper disk biocassay
(Jeffrey et al; 1985) discovered that growth did not occur on
inoculated paper disks treated with thiabendazole or
ctlorothalonil at any concentration tested. They fur.her showed
that surfaces of untreated control disks were covered with growth
of A. helianth:i days after conidial suspension were placed on
them, Green et al. (1984) suggested that in the absence of
resistant cultivars and exfoctive fung.cides, varying the planting

date appears to be the best control option.
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3 MATERIALS AND METHODS

In line with the objertives of this study, laboratory,
glasshouse and field experiments were designed and carried out

during the 1891 and 1992 growing seasons at Samaru, Zaria.

3.1 ISOLATION OF THE PAYHOGEN

Specimens of sunflower plants exhibiting leaf and stem
spotting symptoms were collected, surface-sterilized with 1%
sodium hypochlorite (Milton) solution in Petri dishes for 5 minutes
and then rinsed 1n three chandges of sterile distilled water (SDW),
fome of the disiniected tissues were plated on Potato Dextrose
Agar with Streptomycin (PDAS) in 9cm Petri dishes and 1incubated at
27 ¢ under alternating light and dark periods. Some of the
disinfected tissues were alsc placed in moist chambers for 48
hours at room temperatures. The moilst chambers were prepared by
placing two moistened sterile filter papers in sterile 9cm Petri
dishes. Sterile microscope slides were placed on top of the moist
filter papers. The disintected tissues were then placed on top of
the slides. The fungl isolated from the tissues were subcultured

until pure 1solates were obtained.

3:1:3 Seed Tesuving
One hundred seeds of each of 5 sunflower cultivars (Record,
Isaanka, Chernenka, Funtua and Smera; were selected foar the

detection of seed-borne pathogens in the labcratory. These were
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placed in Petri dishes using a pair of sterile forceps and surface
disinfected with milton solution for 5 minutes. These were rinsed
in 3 changes of BSDW. The seeds were then plated on PDAS and
incubated at 27°7°%. 1Isolated fungal patnogens were purified by
repeated transfer of hyphal tips and were then 1dentified under a

compound microscope.

3:,1.2 Pathogenicity Test

Te obtain conidia nf Alternaria helianthi for pathogenicity
tests, 2-week old culture plates were flooded with 5ml of SDW.
The fungal colonies were then brushed off gently with a sterile
wire loop to dislodge the conidia. The resulting su:ipension was
then passed through 2 layers of cheese cloth and the conidial
suspension was used in spraying 3-week old plants.

Seeds of five sunflower varieties {(Isaanka, Record, Smena,
Chernenka and Funtua) were treated with metalaxyl+carboxin (Apron
plus) at the rate of l1lga.i/Ka seed. These were sown in plastic
pots in the glasshouse and watered daily. Three weeks after
sowing, the seedlings were kept 1n a humid chamber for 24 hours to
increase leaf turgor in order for stomata tc open properly. They
were then 1inoculated by srraying the ctems and leaves with the
conidial suspension using an atomizer. After inoculation, the
plants were immnediately covered with a clean polythene bag for 48
hours to maintain a relatively high humidity, Control plants
were, however, sprayed with SDW. The plants were then taken to a

glasshouse and watered regularly. Ohservations for disease
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development were made oi: uaily basis.

3.2 EFFECTS OF FUNGICIDF SEED TREATMENTS ON ALTERNARIA BLIGHT OF
SUNFLOWER

The sunflower cultivar Record was used for this study. Five
fungicides namely metalaxyl + carboxin, (Apron plus DS) benomyl
{Benlate), mancozeb (Dithane M-45), carbcendazin + maneb (Delsene
M) and carbendazin + 1lprodione (Rovral TS) each at 3 different
doses; 1, 2 and 5g a.i/kg of seed were evaluated during the 1991
and 1992 growing seascons both in the jlasshouse and in the field.

A control was included in which the seeds were not treated.

3:2:1 Glasshouse EX_ .« ._ment

For each treatment, 10 seeds were sown 1n 1l6cm diameter
vplastic pots already filled with rich top soil mixed with 3g NPK
15-15-15 and arranced in a Randomised Complete Block Design with
three replications. These were watered regularly. Full seedliling
emergence was taken 12 Daye after sowing (DAS). The resulting
seedlings were thinned to five per pot 14 DAS. Root length, stem
diameter, shcot length and incidence of seedling blight were taken

35 DAS.

3.2.2 Field Experimeit

The field trials were carried out at the Institute for
Agricultural Research F+rwm, Samaru (1. 6 N, 7° 38'E) during the
1991 and 1992 wet seasons. The trial was a Randomised Complete

Block Design with three replications. The size of the plot was 5m
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by 4 ridges spaced 75.m apar. One metre guard Tows were
naintained and planted with maize. Five seeds were sown per hill
30cm apart. Sowing during the 1991 growing .z2ason was done on 5Sth
July while that of 1992 was on ”nd July. Full seedling emergence
was taken 1. DAS, Tne seedlings were thinned down to two per
stand two weeks after sowing (WAS). Seedling blight incidences

were taken 30 DAS. The incidence and severity of Alternaria
blight on 10 randomly selected plants per plot were first assessed
6 WAS and subsequertly after every 2 weeks by counting the number
of leaves infected, number of leaves shed and by scoring leaf spot
severity based on a modified Allen et al.'s (1983) Scale of 1-6 as
follows: -
1, No leaf infectior,
2, 0-5% of leaf area covered by pin-point (1mm) to a few
large (Z2mm} spots;
3, 6-c08 of leaf area cove' zd by larce |(3mm) spots;
4, 26-30% of leaf area covered by coalescing lesions;
5, 51-75% of leaf area covered by coalescing lesions; and
6, 76-100% leaf area covered by coalescing lesions or leaf
completely killed,
At harvest, 13 WAS, yia2id data were obtained bv recording
plant height, head weight, head diameter and seed weight per plant

and per plot,
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3.8 EVALUATION OF FOLIAR FUNGICIDE SPRAYS FOR THE CONTROL OF
ALTERIM ...A BLIGHT OF SUNFLOWER

The cultivar Record was used for this experimen:c which was
carried out on IAR farm Samaru. During the 1991 and 1992 growing
seasons, three fungicides namely bencmyl (Benlate), carbendazim +
maneb (Delsene M) and mancozeb (Dithane M-45) were each evaluated
at two doses; 0.6 and 0.7; 2.4 and 2.6 and 2.5 and 2.7 Kg a.1./ha
respectively for their efficacy 1in the control of Alternaria
blight and consequently their effects on yields of sunflower. The
size of the plot was 5m by 4 ridges spaced 75cm apart. The design
was a Randomized Complete Block Design with 4 replications Guard
rows of 1lm wide were plan:t:2 with maize o absorb fungicide spray
draift durin_ oliar sprays. Sowing of seeds was done on 3rd July
during both seasons. Five seeds were sown per hill 30 cm apart.
The seedlings were thinned down to two per stand two weeks after
sowing.

A pressurised CP3 Knapsack sprayer with yellow cone nozzle was
us :d 1n spraying the funagicides. The control was not spravyed.
Spraying was done at &, 8 and 10 WAS. Records of seedling
emevgence at 10 DAS as well 45 seedling blight and damping-off
incidence at 30 DAS were taken. Similarly number of infected
leaves, defoliation counts and leaf spot disease severity were
assessed as earlier described. Disease severity scores were taken
one week r every spraying. At larvest, ylield records
comprising of plant height, head weight, head diameter and seed

welight per plant as well as per plot were taken.
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3.4 SCREENING SUNFLOWER VARIETIES FOk RESISTANCE TO ALTERNARIA
BLIGHT

Five sunflower cultivars Isaanka, Smena, Ffuntua, Chernanka
and Record were screened for 1esistance to Alternaria bk!ight under
n.tural field conditions during the 1991 and 1992 growing seasons
at Samaru, Zaria. Five seeds nf each variety were sown directly on
two 5m ridge per stand 30cm apart. These were later thinned down
to two 2 WAS.

The layout of the trial was a Randomized Complete Block design
with 5 treatments and 4 replications. The size of the plots were
two raised 'ges that were 5.0 by 0.75m with each plot separated
by a 1m guard row. Records of seedling emergence, seedling blight
incidence, disease sever.'y scores as well as vyield data were
taken. Assessment of disease severity was conducted fortnightly

beginning from 6 WAS. Leafspot disease severity was rated on a

v sual scale of 1-6 as described previously.
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4. RESULTS

4.1 1Isolation of Seed-borne Funmal Pathogens

Table 4.1 shows the list of the fungal pathogens 1isolated
from the seeds of the 5 cultivars tested. The result shows that
Alternaria helianthi was consistently associated with all the
cultivars. Similarly, Macrophomina sp was associated with all the
varieties ev~~nt Record. Helminthosporium sp was associated with
Smena, Funtua, Chernaanka and Record. Rhizopus sp and
Penicillium sp were only asscociated with the variety Isaanka.
Curvularia sp was found in the varieties Smena and Funtua while
Fusarium sp was found associated with Isaanka and Funtua,

Gleosporium sp and Aschochyta spp were only found in association

with Record.

4.2 Pathogencity Test

The pathogenicity test conducted on the 5 varieties of
sunflower showed that Alternaria helianthi was pathogenic on all
the varieties Spotting of the 1leaves and stems occurred
simultaneously 8 days after _noculation. Few pin-pownt brown
spots surrounded by yellow halos were first observed on the leaves
which later enlarged to irregular dark brown spots. On the stems,
the spots were fewer and appeared as tiny streaks or linear spots.

These characteristic symptoms were similarly observed in the field

(Plates 1 and 11).
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Table 4.1: List of Fungi Isclated from seeds of Sunflower

Variety

Cuernaanka
Funtua
Isaanka

Record

Smena

l Aésdéiated‘Fungi'“

Alternaria nel-onthi. Helminthosporium sg

Macrophowmina phaseolina

Alternaria helianthi, Curvularia
sp, Helminthiuspcrium sp

Spp,Fusar .um

Aiternar.a heliantni, Asperglllius nlger,
Fusarium sp; Fenicilium =pp; Rhizopus spp

Alternaria helianthi, Aschochyta

Asprergillus spp: Gleosporium spp.

Helmin*t.c:porium spp; Phoma spp;

Alternaria helianthi Aspergillus
Curvularia spp; Helminthosporium
Macrophomina phaseolina

sSp;
Rhizopus spp

SPF
SpPP;
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4.3 Effects of Fungiciie seed Treatments on Seedling Emergence

and Growth of Sunflower in the Glasshouse during the 1991

and 1992 Wet Seasons

The results for the five fungicides evaluated during tne
1991, 1992 and the two years combined are presented in Tables
4.3.1, 4.3.2 and 4.3.3 respectively. The results revealed that
seed-treatment significantly increased seedling emergence and
reduced seedling blight severity during the 1931 wet season (Table
4,31, Fungicide seed treatment also significantly increased
seedling emergence during the 1952 wet season althougia it did not
significantly reduce seedling blight incidence (Table 4.3.2). For
the combined analyzis (Talle 4.3.3) seedling emergence was
significantly increased by fungicide seed treatment. Metalaxyl +
carboxin, Mancozeb and carbend.-:im + 1 prodione each at the rate
of 1g a.i/kg seed gave the highest seedling emergence followed by
metalaxyl + carboxin and mancozeb at the rate of 29 a.1/kg seed
and then carbendazim + iprodione and carbendazim + maneb each a.
the rate of 2 and Sg 4.1/kg seed 1n t hat decreasing order.

During the 1991 and 1992 seasons the seedling blight
incidence in seedlings whose seeds were treated with fungicides
were significantly lower than :he unticated check. There was
however no signicicant difference among the fungicides evaluated.
A combined analysis also revealved tiat chemical se+d treatemnt
significantly lowered seedling blight incidence in relation to the
check. Among the chemicals, cart-andazim + maneb at 1g a.i/kg seed
recorded significantly higher seedling blight incidence followed by

benomy! at 2g a.1/kg seed, manco-..» and carbendaz:m + maneb each at
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Table 4.3.1: Effect of fungicide seed treatment on seedling
emergence, seedling blight and growth of sunflower
in the glasshouse uuring the 1991 wet season

?ﬁﬁg1ciﬂe_ ' Dose Seediing Seedling Root Shoot Stem
(g a.i/ka emnergence blight length length diameter
seed) (%)% incidence* (cm) (cm) {cm)
Metalaxyl 1.0 "93.3ab 0.3b  21.0 48.2 0.6
+Carboxin 2.0 96.7a 0.3b 15.7 49.3 0.5
5.0 93.3ab 3.0b 19.9 45.9 0.5
Benomyl 1.0 80.0ab 0.3b 18,5 41.9 0.5
2.0 80.0ab 0.3b 19.3 47.7 0.5
5.0 96 .7a 0.0b 16.9 45.3 ©€.5
Manc: .eb 1.0 100.0a r 3b :f S ¢$.5 0.5
2.0 93.3ab 0.3 20.8 46.2 G5
5.0 63.3b 0.3b 17.9 42.0 G.5
Carbendazim 1.0 100.0a 0.0b 16.4 51.1 0.6
+iprudione 2.0 9G.0a G.0b 1.8 52:Y 0.5
5.0 %3.3ab 0.0b 19.8 52.1 0.5
Carbendazim 1.0 83.3b C.0b 7.2 49.4 0.5
+kaneb &y 96.7a 0.0b 15.3 48.7 0.5
5.0 93.3ab 0.0b 21.0 47.7 0.5
Check 0.0 60.0c 1.7a 14.3 27.9 0.4
LSD (P = 0.05) i4.4 c.e ns ns ns

* Means followed by the same letter(s) are not éiéﬁificantlv
different at P = 0.05

ns = wot significant
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Table 4.3.2: Effect of fungicide seed treatment on seedling
emergence, seedling blight and growth ot sunflower
in the glasshouse during the 1992 wet season

Fungicide  Dose  Seedliny Seedling Root Shoot Stem
(g a.1/kg emergence blight length length diameter
seed) (8)* incidence* (cm) {em) (em)
Metalaxyl 1.0 93.3a 0.0 "21.8a 48.9a 9.7
+Carb xin 2.0 86.7a 0.0 21.2a 46.2ab 0.6
5.0 7¢.7b 0,2 19.8a 4%.4ab
1.0 83.3ab 0.6 16.4c 41.8b 0.6
Benomyl 2.9 76.7h 0.3 17.9h 36.0¢c 0.6
5.0 70.0b n.3 22.0a 47.4a 0.6
Mancozeb 1.0 Lo, 7ab C.6 18.4b 35.9cad 0.5
2.0 83.3ab C.6 20.7a 45.2ab 0.6
Y.u 30.0ab 0.0 16.7c 34.8cd C.6
Carbendazim 1.0 86.7ab 0.3 19.1b 30.44 0.5
+iprodione 2.0 83.3ab 0.6 18.9b 32.4cad 0.5
5.0 80.0ab 0.9 19.1p 37.3c 0.6
Carbendazim .0 76.7b 0.6 16.6c 33.4ca 0.6
+Maneh 2.0 73.4b 1.0 15.9¢ 30.7d4 9.5
5.0 76.7b 0.6 20.6a 40.4bh 0.6
Check 0.0 81.1¢ 2.0 12.48 28.34 0.4
LSD (P = 0,05) 16.1 ns 2.3 5.7 ns

* Means followed by the same letter(s) are not significantly
different at P = 0.0°%

ne = not significan-
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Table 4.3.3: Combined table of the effect of funcicide seed
treatment on ssedling emergence, seedling blight
and growth of sunflower in the glasshouse during
the 1991 and 1992 wet seasons

Fungicide ‘Dose Seedlir.- Seedling Ro.t Shoot Stem
{g a 1/kyg emergen. - blight length length d:iameter
seed) (%)~ incidence* (cm) (cm) {cm)
Metalaxyl 1.0 3.3a 0.3c 21.4a 4£.6a 2.6
+Carboxin 2.0 91.7a 028 18.5b 47.8a 0.5
85.9%ak 0.2¢ 19.8a 45.7ab 0.6
Benomyl 1.0 81.7b G.5¢c 17.5b 41.8b 0.6
2.0 80.3b 0.7¢c 18 b 41.9b D8
5.0 83.3ab 0.5c 19.4ab 46 . 4a 0.5
Mancozeb 1.0 93.3a 0.5¢c 17.3b 40.7b 0.5
2.0 38 . 3ab reSe 20.8a 44.7ab 0.6
5.0 1.7t 0.2c 17.3b 38.9b 2.5
Carbendazim 1.0 93.3a 0.2c 17.7b 40.8b 0.%
+1prodione 2.0 86.7ab 0.3c 18.9ab 42.2b 0.5
5.0 86.7ahb 0.3c 19.5a 43.8ab 0.%
Carbendazim 1.0 80.0b 0.8b 16.9bc 41.4Db C.6
+Maneb 2.0 25.0ab ¢ Lc 15.6¢ 37°.7b 0.5
€ 85, 0ab 0.3c 20.8a 44.1ab 0.5
Check 0.0 55.hC 1.8a 13.4d 28.1c 0.4
LSD (P = 0.05) 10.6 0.7 2.6 6.3 ns

*» Means followed by :the same l-:..er(s) are nct significantly
different at P = 0.05

ns = not significant
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1 and 2g a.i/kg seed. 1he lowest incidence were recorded by
metalaxyl + carboxin 4t 2 and 5g a.i/kg seed, Mancozeb at 5g a.1/kg
seed and carbendazim + iprodiocne at 1lg a.i/kg seed.

While seed treatment had no significart effect on root and
shoot lengths during the 1991 wet season, it did during the 1992
season. Root and shoot lengths durina the 1992 season were
significantly lower 1inthe untreated check compared with the
fungicide seed treatments.

Stem diameters 1in the 1%91 and 1992 wet season were not
significantly iw.creased by fungicide seed treaments 1in the
glasshouse. A combined analysis revealed that except for stem
diameter, there were significant differences between the untreated
check and all the chemicals evaluated 1n relation to root and
shoot lengths. Seed treatment with metalaxyl + carboxin at 1lg
A.1/kg seed L.._..uced seedlings with the highest root length and a
correspondingly high shoot length and stem diameter. All the
chemicals proved promising in enhancing seedling emergence and
growth.

While seed tre~ment had no significant effect on root and
shoc~ lengths during the 1991 wet season, it did during the 1992
season. Root and shcot lengtns during the 1992 seascn were
significantly lower in the untreated check compared with the
fungicide treatments. Stem diameters in the 1991 and 1992 wet
seasons were not significantly increased by fungicide seed
treatments in the glasshouse. Metalaxyl + carboxin at the rate of

1g a.i/kg seecd ' ch gave the highest shoot length correspondingly
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had the highest stem diameter. This was followed by seed

treatment with benomyl at 5g a’i/kg seed.

4.4 Effects of fungicide Seed Treatment on Seedling Emergence,
Alternaria Blight and on Yields of Sunflower

The results for the 1991, 1992 and the combined analysis are

presented in Tables 4.4.1, 4.4.2 and 4.4.3 respectively.

4.4.1 Effects of Fungicides Seed Treatment on Seedling
Emergence and Alterraria Blight of Sunflower During the
1991 Field Trial

During the 1991 field trial, fungicide seed treatment
significantly increased seedling emergence (Table 4.4.1). Seed
treatment with metalaxyl + carboxin at the rate of 1 and 2g a.i/kg
seed gave the highest seedling emergence of 83.7 and 78.7
respectively. These were however not significantly different from
seeds treated with cirbendazim + lprodione at 1g a.i/kg seed and
carbendazim + maneb at 2 and 5g a.i/kg seed. The untreated check
was however not significantly different from cced treatment with
benomyl at 2 and 5g a.i/kg seed and metalaxyl + carboxim at 5g
a.:>/kg seed.

During the 1991 f.eld trial, the incidence of seedling blight
in all the seedlings whose seeds were treated with fungicides wgig
significantly lower than the untreated check. Seeds treated with
carbendazim + maneb and mancozeb produced seedlings that were
completely free from seedling blight. The untreated check had

significantly higher seedling blight than the chemical treatment

which were not significantly different from each other.
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rTable 4.4.1: Effect of fungicide seed treatments on seedling

emergence and on Alternaria plight of sunflower
during the 19°1 field trial

I

Fungicide Dose'ﬂ__#éggaiigaﬂﬂSeedeHE_—ﬁo. of  Alternaria
(g a.i/kg emergence blight leaves blight
seed) ($)* .ncidence* Shed/Plant Severity**

Wetalaxyl 1.0 _"§$7§‘WTEﬁT”__?b?“_'EEJ”'“*

+Carboxin 2.0 78.7a 0.0b 6.0c 2.1c

5.0 46 .3bc 0.3b 6.3c 2.2bc
Benomyl 1.0 54.0b 0.0b 10.0b 2.5b
2.0 48.5bc 0.3 9.0 2.4b
5.0 48.3bc 0.3 8.0bc 2.5b
Mancozeb 1.0 64 .0a 0.0b 8.0bc 2.38C
2.0 58.3b 0.0b 8.0bc 2.3bc
5.0 54.3b 0.0b 8.0bc 2.4b
carbendazim - 1.0 66 .9a 0.3b 7.3c 2.4b
+iprodione 2.0 55.4b 0.0b 65.3¢ 2.3b
5.0 56.7b 0.0b 6.3c 2.3b
rarbendazim 30 58.0b 0.0b 8.3bc 2.4b
+Maneb 2.0 60.0ab 0.0b 8.0bc 2.4b
5.0 62.0ab 0.0b 8.0bc 2.4b
Check 0.0 37.0bc 2.3a 14.7a 3.0a
LSD (P = 0.05) 21.0 0.7 23 0.2

* Mcans followed Ei‘tﬁE_saﬁé‘iéiier(sﬂ aEé'EbE'éIEHifiESutl&"
different at P = 0.05

x%x 1-6 scale 1in which 1 = No 1eaf infection and & = 76-100% leaf
completely killed.

ns = not significant
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During the 1991 field trial, geeds treated with metalaxyl +
carboxin at 1 and 2¢g a.i/kg seed produced plants with the lowest
Alternaria blight severity which is significantly lower than plants
whose seeds were treated with benomyl, carbendazim + iprodione and
carbendazim + maneb at all rates. The untreated check had
significantly higher A'ternaria blight than the treated plants.
Incidentlly, the untreated check had the highest number of leaves

shed prematurely which was signficently different. from the treated

plants,

4.4.2 Effects of Fungicide Seed Treatment onh Seedling
Blight of Sunflower During the 1992 Field Trial

Tﬁe resui. 15 presented in Table 4.4.2. In the 1992 field
triél, fungicide seed treatment significantly 1increased seedling
emergence. The best seedling emergence were observed in seeds
treatel with metalaxvyl + carboxin at 1 and 2g a.ifkg seed and
carbendazim + maneb at 29 a.i/kg seed. These were significantly
better than those treated with benomvl, mancozeb ad carbendazim +
iprodicone at all rates but whose performance was rnot
significantly different from each other. Seadling emergence 1n
the untreated check was, however, significantly lower than all the
chemicals evaluated.

Durinn the 1992 f{field trial, all the fungicide seed
treatments at 11  concentrations recorded seedling Dblight
incidence that were not significantly different from each other

and also from the untreated check.
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Table 4.4.2: Effect of fungicide seed treatment on seedling

emergence and on Alternaria blight of sunflower
during the 1992 field trial

Fungicide  Dose  Seedling Seedling No.of Al.ternaria
(g a.i/kg emergence blight leaves blight
seed) (%)= incidence* Shed/plant* Severity#**

Met ilaxyl 1.0  82.2a 1.7  12.0bc 2.0
+Carboxin 2.0 82.5ab 2.7 13.0b 1:8

5.0 63.3c 3.7 13.3b 2.1
Benomyl 1.0 51.0c 3.0 13.75 29

2.0 55.4c¢c 2.0 14.7b 2.3

5.0 56.1c 3.7 15.5b 2.4
Mancozeb .0 72.0b 3.7 1 fee 1.8

2.0 70 1B 0.7 14.7b 2.1

5.0 69.5b 0.7 14.7b 2:2
Carbendazim 1.0 75.9b 2.0 10.3c 2.3
+iprodione 2.0 71.8b 1.0 13.0b 2.0

5.0 74.1b 1.0 14.3b 2.0
Carbendazim 1.0 52.7cd 0.7 14.7b y. -
+Maneb 2.0 76.2ab 2.0 15.0b 2.2

5.0 67.9b 2.7 14.7b 241
Check 0.0 41.4d 4.0 18.3a 2: 5
LSD (P = 0.03) 12.4 ns 1.95 ns

* Means followed by'tﬁe same letter(s) aré‘nét'sighifiéantly
cdifferent at - 0.05

** 1-6 scale in which 1 = No leaf infection and 6 = 76 - 100%
leaf completely killed

ns = not significant
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In the 1992 growing season, there were no significant
differences in Alternaria bliglit severity between plants whose

seeds were treated with fungicides and those not treated.

However, the untreated check gave the highest Alter

naria blight
severity. Incidentally the untreated check had a significantly
.pn35 higher number of leaves shed prematurely than all the

treated plar®

4.4.3 Effects of Fungicide Seed Treatment on Seedling
Emergence, Seedling Blight Incidence and Alternaria
blight severity of sunflower during the 1991 and 1992
field trial

A combined analy~is of the 1991 and 1992 field trials is
presented in Table 4.4.3. The result showed that metalaxyl +
carboxin at the rate of 1 and 29 a.i/seed gave the highest
seedling emergence which were significantly different from all the
other seed treatment fungicides. These were foilowed by metalaxyl
+ carboxin, crbendazim + iprodione at the rates of 5 and 2g a.1i/kg
seed respectively. The untreated check gave a significantly lower
seadling emerge..e than all the fungicide seed treatments. On the
whole, seedling emergence during 1991 wet season was not
significantly different from that of 1992.

A combined analysis of the 1991 and 1992 growing seasons also
revealed that planting without fungicide seed treatment resulted in
significantly higher seedling blight incidence than those treated.
Seed treatment with carbendazim + maneb at the rate of 1lg a.i/kag

seed and mancozeb at 2 and 5g a.i/kg seed produced the least

seedling blight that was not significantly difrerent from seed



Table 4.4.3: Combined table of the effect of tungicide seed
treatment on seediing emergence and on Alternaria
blight of sur{ wser during “he 1991 and 1992 field

trials
Fungicide  Dose  Seedling Seedling No. of  Alternaria
(g a.1/%kg emergence blight leaves  blight
seed) (%)* incidence* Shed/plant* Scverity**
Metalaxyl @ 1.0 85.9a  0.8bc  8.3@  2.0c
+Carboxin 2.0 80.6ab 1.3be 8.8d 1.9c
9.0 73 .5b 2.0b 9.84 2.1c
Benomyl 1.0 53.9¢C 1.0bc 10.0c 2.2b
2.0 57.2 1.8b 11..% 2.4b
5.0 56.4 1.2b 16.7 2.5b
Mancozeb 1.0 63.2bc 2.2b '0.8¢c 2.0c
2.0 59.3¢ 0.3bc 11.3bc 2.2b
5.0 £8.9r 0.3bc 12 3b 2.3b
Carbendazim 1.0 71.4b 1.2b 10.8¢ 2.4b
+iprodione 2.0 T2.:95 0.5bc 9.5d Z.%¢
540 65.4D 0.5bc 11.7B 216
carbendazim i.0 55.3c 0.3c 11.5b 2.3b
+Maneb 2.0 68.1b 1.0bc 11.5b 2.3b
5.0 £5.0b 1.3b 9.2¢C z.25
Check 0.0 39.2d4 3.2a 14.2a 2.8a
LSD (P = 0.05) 11.7 1.4 1.4 0.3

* Means followed bfhihe'same letter(s) are not significantly
different at P = 0.05%

k% ]-§ scale 1n which 1 = jc leat infection and 6 = 76-100% lesaf
completely killed

ns - not significant
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treatment with metala vyl + carbox.u and <¢vibendazim + iprodione
at 2 and 50 a.1/kg seed.

Tre Alternaria blight _sserity feor »oth 1991 and 1992 alsc
showed that the untreated check had significantly higher
Alternaria blight severity than the fungicide seed treatment.
Seed treatment with metalaxyl + carboxim at 2g a.i/kg <eed gave
the least Alternaria hlight severity. This was however, not .pn37
significantly lower than the res* of the fungicide seed treatments

except benomyl at all rates, man~czeb at 5g¢ a.i/kg seed and

carhendazin + iprodiocne at lg a.i/Kg seed.

4.4.4 Effects of Furgicide Seed Treatment on Yield and Yield
Components of Surnflower ir. the 1991 Field Trial

The effe~ts of fungicides seed treatments on yield and yvyield
components of sunflower were evaluated during the 1991 field
trial. The result 1s presented in Table 4.4.4. The results
showed that there were no significant di:fferences among the
treatments in relation tc plant nw2ight, head d.ameter, herd weight
and seed weight. However, plant height, head diameter, head weight
and seesd weight per plant and per plot werc lowest 1in the

untreated check.
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Table 4.4.4: Effect of fungicide seed treatment on yield and
yield components of sunflower in the 1991 field

trial
Fungicide Dose Mean  Mean Mean Seed  Seed
(g a.1/kg Plant F=ad Head Weight/ Weight/
seed) height diameter weight/ plant plot
(cm) (cm) Plant (g) (Kg)
(g)
Metalaxyl 1.0 s 5 17:6 90.3 48.6 2.2
+Carboxin 2.0 172.0 17.2 75.0 47.1 2.4
5.0 165.3 157 67.1 54.0 242
Benomyl 10 1573.3 155 3 81.9 293 2.0
ALEL 159.0 35.'7 69.3 42.3 2:1
20 161.0 15.8 75:9 47.5
Mancozeb 1.0 162.0 16 0 74.0 46.2 2.0
240 168.7 17.0 84.9 51.3 1.9
5.0 Trs. 3 18.0 85.0 50.8 Z.3
Carbendazim 1.0 166.7 16.0 63.6 46.2 1.8
+iprodione 2.0 16<.0 14.9 72.5 44 .4 2.1
5.0 165.0 1€.4 78.1 49.0 2.1
Carbendazim 1.0 16%.v 17.3 5.3 46.0 2.1 ;
+Maneb 2.0 161.0 7.7 70.3 $1.6 242
5.0 161.7 16.4 83.2 48 .2 2.é
Check 0.0 147.3 12,4 41.5 27.0 1.2
5D (P .+105) ns ns ne ns ns

ns = not significant
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4.4.5 Effects of Fungicide Seed Treatments on Yield and Yield
Components of Sunfiower in the 1992 Field Trial

The effects of fungicide seed treatments on yield and yield
components of sunflower 1imn the 1992 field trial 1s presented 1in
Table 4.4.5.

Seeds treated with mzr=.axyl + carioxin at 5g a.i/kg seed
produced the tallest plants but were however not significantly
taller than those treated with mancozeb at 1lg a.i/kg seed and
metalaxyl + carboxin at 1 and 2g a.i/kg seed. Those treated with
benomyl at all rates, carbendazin + iprodione at 1g a.i/kg seed
and carbendazim + maneb at 5g a.i1/kyg seed were significantly lower
than the rest of the fungicide treatments. The untreated check
gave the least plant heights that were significantly shorter than
the seed treatment chemicals.

Differences in the mean head diameter in all the treatments
Muring the 1°¢ field trial were significant. Seed treatment with
metalaxyl + carboxin at 5g a.i/kg seed produced plants with the
largest heads but were not significantly different from those
treated with metalaxyl + carbozin and mancozeb at 1 and 2g a.i/kg
seed each as well as carbendazim + 1lprodione at 2 and 5¢ a.i/kg
seed.

During the 1992 field trial there was also no significant
difference 1in mean head weight/plant. However there were
significant differences amc..i the ‘_-eatments in relation to seed
weight/plant and per plot. B8eed treatment with metalaxyl+carboxin
at 5g a.i/kg seed produced plauts with the highest yield per

plant. Thes :re however not siagnificantly higher than those
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Table 4.4.5: Effect of fungicide seed treatment on yield and
yield components of sunflower in the 1992
field trial

Fﬁngicide - Dose Mean  Mean = Mean Seed Seed
(g a.i/kg Plant Sead Head Weight/ Weight/
seed) height diameter welght/ plant plot
(cm) (cm) Plant (g) (Kg)
{g)
Metalaxyl 1.0 1%0.7a 15.0a  78.1  44.9a 1l.la
+Carboxin 2.0 153.0a 15.7a 77.1 39.1a 0.8ab
5.0 158.3a 16.2a 85.3 42.9a 0.9ab
Benomyl 1.0 126.7bc 13.4Db 67.0 28.4bc 0.7b
2.0 124 .3¢c 14.1b 63.7 27.5%¢ 0.6
5.0 123.7¢ 13.6b 65.0 29.5b 0.7b
Mancozeb .0 1£0.7a 1%.4a 67.0 33.1ab C.6b
2.0 128.7b 15.4a 76.9 28.6b 2.7k
5.0 129.3b 14.2b 70.4 27.5b 0.7b
Carbendazim 1.0 119.7¢ 12.5bc 63.7 27.5bc 0.6b
+iprodione 2.0 129.7b 14.8ab 68.8 32.9ab 0.7b
5.0 136.3b 14.%ab Texy 33.0ab 0.7b
Carbendazim 1.0 156.0b 13.0bc 70.0 32.7ab 0.7b
+Maneb 2.0 137.3b 14.1b €7.0 28 .4bc 0.5b
5.0 124.3¢ 13.8b 65 4 29.4bc 0.6b
Check 0.0 99.7¢ 1i,6c 47 .4 19.4c 0.3cd
LSD (P = 0.05) 9.7 1.6 ns 12.0 0.3

* Means in a column followed b? the csame letter(s) are not
significantly different a* P = 0.05

ns = not significant
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treated with metalaxyl + carboxin at ! and 2g a.i/kg seed, mancozeb
at lg a.i/kg seed, carbendazim + iprodione ai 2 and 5g a.i/kg seed
and carbendazim + maneb at the rate of 1lg a.i1/kg seed. The
result, however, showed thar the untreated check produced lower
seed weight per plant which was not significantly different from'
seed treatment with benomy (at 1 and 2g a.i/kg seed, carbendazim
+ maneb at 2 and 5g a.i1/kg seed and carbendazim + iprodicne at 1g
1.1/kg seed. imilarly seed treatment with metalaxyl + carboxin
at the rate of 1g a.i/kg seed produced plants with the highest
seed weight per plot which was significantly higher than seed
treatment with benomyl, Mancozeb and carbendazim + iprodione at
all rates but not metalaxyl + .arboxin at 2 and 5g a.1/kg seed.
The untreated check gave the least seed weight per plot which was

not significantly lower than seed treatment with carbendazim +

maneb at 2g a.l/kg seed.

4.4.6 Effects of Fungicide Seed Treatment on Yield and Yield
Components of Sunflower During the 1991 and 1992 Field
Trials
A comt 1 analysis of the effects of fungicide seed
treatment on yield and yield components of sunflower during the
1991 and 1992 field trial is presented in Table 4.4.6. The result
showed that seed treatments with metalaxyl + carboxin at 1g a.i/kg
gave the tallest plants which were not significantly different
from treatment with carboxin - metalaxyl at 2 214 Sg a.i/kg seed,

mancozeb at 1 and 29 a.i/kg seed and carbendazim + maneb at 2g

a.1/kg seed. The untreated check gave the least plant height which
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Table 4.4.6: A combined table of the effect of fungicide seed
treatment on yield and yield components of
sunflower in the 1991 and 19%2 field trial

Fungicide Dose Mean  Mean Mean Seed Seed
{g a.1/kg Plant/ Head Head Weight/ Weight/

seed) height diameter weight/ plant plot

(cm) (cm) Plant (g) (Kg)

(g)

Metalaxyl 1.0 i§5.2 1%.9a  83.7a 46.8a 1.7a

+Carboxin 2.0 160.8a 15.7ab 76.1a 43.1a 1.6a

5.0 161.7a 14.9b 77.3a 47.1a 1.2b

Benomyl 1.0 136.8b 14.8b 68 .8a 29.4b 1.2b

2.0 137.7b 15.1b 70.5a 37.0a 1.2b

5.0 143.8b 14.3Db 63.6b 38.8a 1.4a

Mancozeb 1.0 156.2ab 15.7ab 70.6a 39.7 1.4a

2,0 155.8ab 15.3b 75.2a 39.7¢ 1.3a

5.0 145.3 15.7ab 74.3a 39.2a 1.5a

Carbendazim 1.0 144.2b 15.6ab 76.4a 42.6a 1.5a

+iprodione 2.0 141.8b 15.7ab 77.3a 38.7a l.4a

5.0 152.3b 15.7ab 75.5a 41.0a 1.6a

Carbendazim 1.0 152:2 5.1b 72.7a 39.3a 1.4a

+Maneb 2.0 157.3ab 15.9a 74.5a 40.0a 1.3a

5.0 150.7b 15.5ab 74.3a 40.1a 1.4a

Check 0.0 123.5¢c 1z.0¢ 44 .5b 23.2b 0.,8b

LSD (P = 0.05) 12:3 1:7 6.9 10.6 0.4

* Means foliuwed by the same letter(s) are not sicnificantly
different at P = 0.05
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was significantly different from all the fungicides evaluated.

Also a combined analyc.» Qf the two field trials showed that
seed treatment significantly increased head diameter. Seed
treatment with metalaxyl + carboxin at 1lg a.i/kg seed produced
plants with the largest heads followed by seed treatment with
metalaxyl + carboxin at 5 aad 2g a.i/kg seed carbendazin + maneb
at 29 a.i/kg seed, and manc.zeb at 1g a.i/kg seed 1in that
decreasing. These were however nct significantly different from
each other ev~ nt seed treatment with benomyl at all rates which
gave the least head diameter rot which were not significantly
different from those of carbendazim + iprodione and carbendazin +
maneb at 5g a.i/kg seed. The untreated check, however, produced
significantly smaller head diameter than all the fungicides
evaluated.

The combined analysis also showed that head weight was
significantly increased by seed treatment with fungicides Seed
.pn43 treatment with benomyl at all rates gave the least head
welght among the fugicides evaluated which was significantly
different from the rest of the fungicides except the untreated
check. Seed ‘*reatment with benomy! at l1lg a.i/Kkg seed gave the
least seed weight per plant which is significantly different from
all the other fungicides but was, however, a0t significantly
different from the untreated check.

Seed treatment with metalaxy + carboxin at 1g a.i/kg seed
gave the highest yield per plot while seed treatment with benomyl

at 1 and 2g a.i/kg seed gave cne of the lowest among the fungicides
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used. These were significantly lower than all the other seed
treatment chemicals ex<ep: seed treatment with metalaxyl +

carboxin at 5g a.i/kag seed 2nd the untreated check.

4.4.7 Correlation Analysis of Parameters used in Evaluating
Seed Treatment Chemicals for the control of Alternaria
Blight

The correlation analysis of parameters used in evaluating
seed treatment chemicals for the control of Alternaria blight
during the 1991, 1992 and the two years combined are presented in
Tables 4.4.7, 4.4.8 and £.4.9 recpectively. During the 1992
season, there was a negative but significant correlation bhetween
Alternaria blight and seed wei.ghi per plant (r - -0.27) as well as
seed weight per plot (r = -0.32). Similarly in 1992 there was a
highly significant but negative correlation between Alternaria
blight severity and seed weight per plant (r = -0.40) as well as
seed weight per plot (r = -0.35). However, a combined analysis
showed that there was a negative and non-significant correlation
(r = -0.05) between these param~ters. There was also
a positive and significant correlation between Alternaria blight
severity and the number of leaves shed prematurely during the 1991
(r = 0.24) and 1992 {(r = 0.50) field trials. A combined analysis
however showed that there w~as a gositive correlation between
Alternaria blight severity and number of leaves shed prematurely
(r = 0.24) but was not significant Also durindg the 1991 season,

while there was a positive correl.s ion betwoen numbers of leaves

shed prematurely (r = 0.36) and vield per plot, there was a
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Table 4.4.7: Correlation analysis of parameters used in evaluating seed treatment fungicides for
the control of Alternaria blight of sunflower during the 1991 field trial

Parameters V1 V2 V3 v4 V5 VE V7 ve  Vva
Seed weight/plot (V1) + 00 - - I -
Seed weight/plant (V2)  0.47%  1.00

Head weight/plant (V3) 0.43* 0. 75%* 1.00

No. of leaves sned (V4) (.36% 0.40%x 0.47*x 1.30

Altermaria blight/

severity (V5) -0.32* -0.27 ~0.43%* .24 1.00

Head diameter (v6) 0.38* 0.50%* 0.44%* 0.40** -0.29* 1.00

Plant height (V7) 0.52* 0.25 0.34x* 0.06 -0.31* 0.49** 1.90

Seedling blight (V8) -0.47% -0.27 ~0.38%* -0.55** D.55%* -0.39*% -0.35* 1.00
Seedling emergence (V9) 0.19 -0.07 0.05 0.09 -0.46** -0.04 0.01 -0.29 1.00

*Significant (P = J.05)
** highly significant (P = 0.01)
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Table 4.4.8: Correlation analysis of parameters used in evaluating seed treatment fungicides for
the control of Alternaria blight of sunflower during the 1992 field trial

Parameters

Vi V2 V3 Vs E V6 VT ve V9
Serd weight/plot (V1)  1.00 . S R -
Seed weighl/plant (V2) 0.44** 1.00
Head weight/plant (V3) 0.45** 0.30* 1.00
No. of leaves shed (V4) -0.45** -0.60** -0, 51=x* 1.00
Alte¥naria blight/
severity (V5) -0.35* -0.40%  -0.38%* 0.50%* 1.00
Head diameter (V6) 0.54%* 0.47%% 0.50*x ~0, 54** -0.52*% 1.99
Plant height (V7) 0.22 0.36* J.35* =0, 41*x -r.3C* 0.42%¢ 1.00
Seedling blight (V8) 0.03 -0.13 -0.16 -0.08 0.01 -0.05 .16 1.00
Seedling em~rgence (V9) 0.29 0.28 0.26 -0.27 -0.08 C.33* 0.i3 -0.15 1.00
- " *Significant (P = 0.05) - S

** highly significant (P = C.01)
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negative and highly significant correlation (r = -0.45) between
these two parameters during the 1992 field trial. Similarly a
combined analysis showed that the correlatinn between numbers of
leaves shed per plant and yield is negative (r = -0.66) and 1is
highly significant.

On the yield and yield components, the results showed that
during the 1991 field trial, there was a positive and significant
correlation bhetween head wsight and se¢2d weight per plant (r =
0.75) as well as seed weight per plot (r = 0.43). Similariy,
there was a positive and significant correlation between head
weight and seed weight per plant (. = 0.29) as well as seed welght
per plot (r = 0.36).

There was also a positive and significant correlation between
head diameter and seed weight per plant (r = 0.38) as well as per
plot (r = 0.38) during the 1991 wet season. Also during the 1992
season there was a positive and significant correlation between
head diameter and seed weight per plant (r = 0.47)and per plot (r
= 0.54).

While the correlation between plant heiacht and yield per
plant was positive but non-significant \r = 0.25) during the 1991
wet season, it was positive and highly significant (r = 0.36)
during the 1992 season. There was a positive and signif:cant
correlation between rlant height and seed weight per plot (r =
0.52) 1n the 1991 season but was not significant 1in the 1992
season. However, the combincd analysis indicated that there was

a positive and significant correlation between plant height and
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yicld per plant (r = 0.49) and per plot (r = 0.59).

4.5 EVALUATION OF FOLIAR FUNGICIDE SPRAYS FOR THE CONTROL OF
ALTERN?""* BLIGHT OF SUNFLOWER

£.5.1 Effects of Foliar Funuicide Sprays on Alternaria Blight
of Sunflower During the 1991 Field Trial

The effects of foliar fungicide sprays on Alternaria blight
of sunflower during the 1991 field trial are summarised in Table
4.5.1. Fungicidal sprays significantly reduced Alternaria blight
severity and numbers of l¢aves sh~d ccuwpared with the unsprayed
check. There were however no significant differences between the
fungicide doses with respect to thelr effectsc on blight severity
an® number of leaves shed pre.aturely. Foliar spray with
carbendazim + maneh at 2.6kg a.i/ha resulted 1n the least
defoliation and similarly the lowest Alternaria blight severity

score. Foiiar spray with benomyl gave a significantly higher

e}

Alternaria blight severity than the other two fungicides. The
result also showed that there w-s no significant differern:es among
the treatments in relation to seedling emergence and seedling

blight incidence.

4.5.2 Effects of Foliar Fuungicides Spray on Alternaria Blight
of Sunfliower During the 1992 Field Traial

The result of the effec:.s of foliar fungicide spray on
Alternaria blight of sunflower during the 1992 field trial is
presented 1in Table 4.5.2. There were significant differences
among the treatments in terms of mean number of leaves shed per

plant and Alternaria blight severity. The unsprayved check had the
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Table 4.5.1: Effects of foliar tungicidal sprays on Alternaria
blight of sunflower during the 1991 field trial

Fungicide  Dose  See!ling woeedling No. of Alternaria
(Kg a.i/ emergence blight leaves blight
ha) (%) incidence shed/ serverity=*

plant*

Benomyl 0.6  67.2 1.3  8.7p "2.4b
0.7 72.3 0.3 8.0b 2.6b

Carbendazim 2 67.7 0.3 T T 1.7¢

Maneb ~.Bb 69.7 0.0 €.3b 1.8c

Mancozeb 2.5 65.7 0.3 8.7b 2.3¢
2.7 69.2 1.0 8.3b 1 ac

Control 0.0 64.9 1 B | 13.7a 3.0a

LSD {P = D.05) ns ns 3:7 053

;#ﬁéans_fblibﬁga_by the same letféf(éf-aré_not significantly
different at P = 0.05

ns = Not significant



52

Table 4.5.2: Effects of fo iar fun,icidal sprays on Alternaria
blight of sunflower during the 1992 field trial

— = - e

Fungicide  Dose Seedling Seedling No. of Alternaria
({Kg a.1/ emeiyence blight iaves blight
ha) (%) incidance shed/ severity*

plant=*

Benomyl 0.6 T 55.1 4.0 "13.0b  1.4b
0.7 60.9 3.7 14.7ab 1.4b

Carbendazim 2.4 50.8 2.7 11.7b 1.lc

+ Maneb 2.6 60.4 Z+3 13.0 1.2bc

Mancozeb 2.5 63.9 3.3 12.7b 1.2bc
4.7 50.3 3.0 11.7h 1.4b

Contrel 0.0 58.6 2.3 17.3a 1.7a

LSD (P = 0.05) ns ns 2.7 0.2

* Means followed by the san- letter(s) 2re not significantly
different at P = 0.05

ns = Not significant
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highest defoiiation which was significantly higher than all the
fungicide sprays evaluated except benomyl at v.7kg a.i/ha. Foliar
spray with Carbendazim + maneb at 2.4kg a.’/ha and mancozeb at
2.7kg a.i/ha resulted in the lowest numbers of leaves shed
prematurely and incidentally the lowest Alternaria blight

severity.

4.5%.3 Ef fects of Fungicide ESorays on Alternaria Blight of
Sunflower in the 1791 and 1992 Field Trials

A combined analysis of the effects of fungicidal sprays for
the control of Alternaria blignt of sunflower is shown on Table
4.5.3. The re=nlt showed that the unsprayed check had the highest

mean defoliation and highest Alternaria blight severity that

differ significantly from all tne fungicides Spraying with
carbendazim + maneb at 2.4Kg a.i/ha and 2.6kg a.i/ha gave the
lowest number of 1leaves shed and incidentally the lowest
Alternaria blight severity. Foliar spray with benomyl at 0.6kg and
0.7kg a.i/ha gave the highest Alternaria blight severity amcng the
fungicides evaluated. These were significantly different from the

rest of the fungicidal spray-.

4.5.4 Effects of Fungicide Sprays on VYield and Yield
Atributes of Sunflower During the 1991 Field Trial

In the 1991 field trial, spr2ying with fungicides

significantly increased yleld components of sunflower compared

with the unsprayed check (Table 4.5.4).
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Table 4.5.3: Combined table of the effects of fungicide sprays on

Alternaria blight of sunflower in the 1991 and 1992
field trial

Fungicide = Dose Seedling Seedling No. of Alternaria
(Kg a.1i/ emergence blight leaves blight
ha) (%) incidence shed/ severity*

plant*

Benomyl 0.6 61.1 2.7  10.7b  1.8b
0.7 66 © 2.0 11:.5b 1.6b

Carbendazim 2.4 59.2 1.5 9.7b 1.4c

+ Maneb 2.6 65.1 1.2 9.7b 1.4c

Mancozeb 2.8 64.8 1.8 10.5b 1.6bc
2.7 59.7 2.0 10.2 1.5bec

Control 0.0 8.7 1.5 15.5a 2.3a

LSD (P = 0.05) ns ns 2.3 0.2

* Means followed by the same letter(s) are not significantly
different at P = 0.05

ns = Not significant
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Table 4.5.4: Effects of foliar fungicidal sprays on yield and
yield components of sunflower during the 1991

field trial

Fungicide

Benomy 1

Carbendazim
+ Maneb

Mancozeb

Control

LSD (P =

Dose  Plizut
(Kg a.1/ height*
ha) (cm)
0.6 '157.0a
0.7 140.0a
2.4 164 .0a
2.6 Lo08.3a
2.9 164.7a
2wl 168.0a
0.0 135, 3b
0.05) 12:.6%

" Head

Head Seed  Seed
diamter* weight* weight/* weight/
(cm) (g) plant plot*

(g) (kg)
14.0a 57.4a 32.3bc 1.9ab
13.5a 60.8a 30.8bc 2.4a
15.4a 72.2a 45.6a 3.1a
15.3a ©3.3a 44 .7a 2.Ba
14.6a 65.4a 44.7a 2.8a
15:2a 61.52 37.6ab 3.0a
10.2b 29.6b 21.8¢ 1.1b

2.33 16.78 13..3 0.9

* Means followed by the same letter(s) are not significantly
different at P =

0.05
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Fungicidal spray witi carbendazim + maneb at 2.6 kg a.i/ha
produed the tallest plants, followed by spray with mancozep at
2.7kg a.i/ha and 2.5kg a.i/ha and car'-endazim + maneb at 2.4kg
a.i/ha. 8Sp*- ‘ng with benomy! gave the shcitest plants among the
fungicide regimes. There, wer« however, no significant difference
among the fungicide riwrwmz2s  but  rv unsprayed check was
significantly lower.

Alsoc during the 1991 field trial, fungicicde sprays
significantly 1increasaed head diameter. Fungicide spray with
carbendazim + maneb at 2.4Kg a.i/ha gave the best head diameter.
This was, however, not signif.cantly better than all the other
funaicide spray regumes. TUe unsprayed check had significantly
smaller heads than all the other fungicide sprays.

Fungicide spray during the 1991 also sigrigicantly increased
head weights 'r sunflower. The heaviest heads were obtained from
plants sprayed with carhendazin + maneb at 2.4Kg a.i/ha followed
by Mancozeb at 2.5kg a.i/ha carbendazim + Maneb at 2.6kg a.i/ha
mancozeb at 2.7kg a.i1/ha, ~euomyl at 0.7 and 0.€kg a.i/ha in that
order. The differences among the fungicidz regimes were however
not significant but were significantly higher than the 'nspraved
check

In the 1991 field trial, seced weight per plant and per plot
were significantly incraasad by sungicidal spray. Fungicide spray
with carbendazin + Maneb at 2.4kc .. i1/ha gave the best 7ield per
plant which was not statisticaily higher than all the fungicide

sprays eXxcept henomyl at bcth 0.6 and 0.74%. a.i/ha and the
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unsprayed cuouok. Simila:ly, the best yields per plot were
obtained from plants sprayed Yith carbendazim + maneb at 2.4ka
a.i/ha. The unsprayed check had a significantly loweryield/plot
than all hte fungicide spray regimes except benomyl at 0.6ka

a.i/ha.

4.5.5 Effects of Foliar Fungicidal Sprays on Yield and Yield
Components of Sunflower During the 1992 Field Trial

During the 19492 field trial. fungicide sprays toa large
extent increased plant height, head diamter, head weilght, and
yield per plant as well as per plot (Table 4.5 5).

Spraying with carbendazim + maneb at 2.6kg a.i/ha gave the
plants that were significantly taller than all the fungicide
sprays except carbandazim + maneb and mancozeb at 2.4 and 2.5kg
a.1/ha respectively. The Jiasprayed checsn produced plants that
were significantly shorter than all the fungicide regimes
evaluated.

Fungicide spray with carbendazim + Maneb at 2.4kg a.1/ha aave
the largest head diameter which was significantly different from
plants sprayed with benomyl »nd mancozeb. The unsprayed check
gave the smallest heads which differ significantlLy from all the
fungicides evalualed.

Fungicide spray with carbendazim + maneb at '.6kg a.i/ha gave
the heaviest heads that differed significantly from all the other
fungicide regimes evaluated.

Seed vyield per plant was significantly 1increased by

fungicide spray with carbendazim + maneb at 2 4kg a.i/ha giving
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Table 4.5.5: Effects of foliar fungicidal sprays on yield and
yield components o: sunflower dr:ing the 1992
field trial .

Fungicide Dose ‘Plant Head  Heal  Seed  Seed
(Kg a.1/ Lheight* diameter* weight* weight/* weight/
ha) {cm) (cm) (g) plant plot*
(g) (kg)
Benomyl 0.6 122.6b 15.3b 56.9c 40.9bc 0.9
0.7 137.3b 14.5b 72.1b 39.3bc s [
Carbendazim 2.4 145.0abh 16.0a 73.7b 55.3a et 9
+ Maneb 2.6 150.7a 14.3b 80.1la 43.7ab 1.0
Mancozeb 2.5 150.0a 14.1b 67.4bc 42.8ab 1.1
2.7 142.0b 14.6b 62.3c 49 .6ab 1.5
Control 0.0 1:n 3¢ 11 3¢ £3.94 27.8¢ 0.7
LSD (P = 0.05) 8.9 0.7 L 13.6 ns

* Means followed by the same letter(s) are nc: significantly
different at P = 0.05
ns = Not significant






