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ABSTRACT

Investigations were conduc ted to identify the
pathogen, determine the level of seed infection by the
bacterium, evaluate different seed dressing chemicals and
foliar sprays for control of the disease, determine the
effect of sowing date on the severity of the disease,
screen for resistance to the disease and isolate and
identify the causal organism of a stem canker disease of
sunflower.

The pathogen that induces bacter il blight in MNiaeria
was isolated and identified as Pseudomonas syringas pv
helianthi. The sseds of eiaht different cultivars tested
showad that the disease 1s seed borne.

Early =sowing (Juns) and late sowing (August) reduced
plant growth and vyield without significant effect on
diseas savarity. On the contrary, July-sown crops had
better arowth and higher yield, though Lthe disease sevarily
score was high, B 7 did not affect plant performance
adversaly.

Seven seed dressing chemicals and four bactericides
were used in the field and in pol raspectively. Mancosan,
Terrachlor and Bronocot were effective in reducing the
disease in the field while Busan and Bronocot reduced the
disease 1in pots. Out of the four fungicidal foliar sprays
evaluated in the field only two, Copper oxychloride and

Fungaron were able to lower the disease severity.
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Eight varieties of sunflower were screened for
resistance to bacterial blight. Results showed that no
variety was resistant to the disease based on disease
severity scores. However, varietal differences existed in
terms of response to the disease and plant yield, but there
was no correlation between disease severity score and
yield.

The identity of the causal organism of stem canker was
established. The same pathogen (Pseudomonas syringae pv
helianthi) that inducees bacterial blight was also found to

be responsible for stem canker of sunflowar.
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1.1 Botany and origin of Sunflower

sunflower (Helianthus annuus L.) is a member of the
compositae family and a dicotyledonous annual herb.
Although believed to be a native of North america (Hill,
1975), sunflower is adapted to both tropical and temperate
regions where rainfall is up to 3,500 mm (Weiss, 1966).
sunflower was once used in parks and gardens as ornamental
plants in America and Europe. From the 19th Century it
spread from Europe to Russia, Africa, India and China

(Heiser, 1978).

1.2 World production statistics

As  at 1980 the world production of sunflower seed was
13,174,000 metric tons from 12,374,000 ha (Atuk, 1988).
The major world producers of sunflower were USSR, Rumania,
United States, South and Central America (Anon, 1979).

sunflower was brought to MNigeria in the early sixties
as an o0il crop that could possibly be grown on a large
scale to supplement the vegetable oils from traditional
sources (Ogunremi, 1979).

Though there has been no official record of hectarage
in Nigeria, the crop has been cultivated widely in the
semi-arid Sudan Savanna zone and is known to be tolerant to

drought.

1.3 Economic Importance of Sunflower

The need for another oil seed crop to complement



agroundnut and oil palm has motivated research into
sunflower production (Yayock et al., 1986). Since the
drought of the early seventies which affected most of the
West African regions, Nigeria had relinquished her position
as third largest producer of groundnut and as world’s
largest exporter of the crop. Also the recent ban on
importation of vegetable o0il, has necessitated the need for
an alternative 0il seed crop. Therefore, sunflower as one
of the most important edible o0il crops 1is a potential
source of vegetable oil in Nigeria. Sunflower is grown
primarily for production of edible o0il (cooking and salad)
for human consumption. The seeds may be eaten directly
since it is known to contain appreciable quantities of
protein (13-20%), rich in o0il (41-47%) or 1linoleic acid
(Sackston, 1981). Sunflower is also used in shortening.
Industrially, it is used in the manufacture of margarine,
spaps and paints. The cake is used mainly as livestock
feeds but some may be used as fertilizers 1in crop
production. Apart from its industrial and domestic uses
the sunflower seed oil is also medicinal. It can also be
used as alternative source of fuel for diesel engine

(Benvenuli and Vannozzi 1984; Sackston, 1981).

1.4 Pests of Sunflower

Although sunflower is attacked by about 30 species of
insect pests, only a few can be regarded as serious pests.
The major ones are . the coreid bug (Leptoglossus
membranaceous), cotton stainer (Dysdercus spp), some

hymnoptera and homoptera including Nysius and Hallododapus



sppP . Others are Poophilus costalis, Macropteris and Aphis
spp (Misari and Apagu, 1988; Misari and Dike, 1989; Misari,

1990).

1.5 Fungal Diseases of Sunflower

The fungal diseases associated with sunflower in
Nigeria include: Alternaria leaf spot which is the wide
spread disease caused by Alternaria helianthi (Hanf) Tubaki
and Nishihara, leave spots caused by Helminthosporium sp
and Cercospora sp, fungal rot and fungal wilt caused by
Fusarium spp and Macrophomina phaseolina (Tassi) Goid.
sunflower has also been reported to be attacked by Puccinia
helianthi Schiv causing leaf spot. Verticillium dahliae
Kleb, inducing wilt disease and Sclerotinia sclerotium
(Lib) de Bary which causes head rot (Ado, 1988; Okoli et

al., 1989).

Bacterial Blight in Nigeri:

1.6 Occurrence of

Bacterial blight of sunflower is widespread in the
Northern Guinea Savanna zone. The first report of its
occurrence was made by Erinle (personal communication) in
1981 at Kadawa farm in Kano State. Since then the disease
has been seen in all sunflower fields in the Guinea
Savanna. Although the yield loss due to the disease has
not been quantified, it would appear from the severity of
the disease that it results in crop loss and will be a
diseasa of potential importance in the 90s. Although much

has been done on the agronomy of sunflower production in

Nigeria comparatively much less has been done on the



associated diseases so far. There is therefore the need to
study the associated diseases of this crop and if the
potential of this crop as oil crop is not to be threatened.
In Nigeria, the list of work done on bacterial blight
diseases include those of cassava, cotton, cowpea, jute,
rice, sesame, soyabean and tomato. Apart from bacterial
blight of soyabean that is induced by Pseudomonas spp, all
other bacterial blights are induced by Xanthomonas spp

(Erinle, 1981).

1.7 Objectives of the Research

The following are the main objectives of this

research:

1. Isolation and characterization of the causal
organism of bacterial blight of sunflower.

2. Investigation into the seed borne nature of the
disease.

s Preliminary investigation into the effect of
various sowing dates on the severity of the
disease.

4. Investigation into the effect of seed dressing

chemicals as well as foliar chemical sprays on
control of the disease.

S. Screening for resistance to bacterial blight
disease; and

6. Isolation and characterization of the causal

organism of stem canker of sunflower.



2.1 DISEASES OF SUNFLOWER

sunflower (Helianthus annuus L.), an important oil
seed crop in many parts of the world, is attacked by a
number of diseases. The most important of these are fungal

and bacterial diseases.

2.1.1 Fungal Diseases

Rust disease induced by Puccinia helianthi occurs in
sunflower fields and severe losses have been reported 1in
many countries of the world (Sackston, 1962; 1981).
Verticilliun wilt induced by Verticillium dahliae and V
albo - atrum is now world-wide in distribution. The
pathogen is both seed borne and so0il borne and persistent
once introduced (Zimmer and Hoes, 1978). Downy mildew
caused by Plasmopara haltstedii (Farl) Berlet et de Toni is
reported to be destructive on sunflower crops especially
where there 1is adequate moisture (Zimmer and Hoes 1978).
Sclerotium rot of basal stem and head induced by Sclerotium
rolfsii, also stem and head rots causedE’Bgtrytis cinerea
and Rhizopus spp have been reported (Bailey, 1966; Okoli
et al., 1991; Sackston, 1981).

Charcoal rot is induced by Macrophomina phaseolina
and causes premature ripening which results in small heads,
poorly filled seeds and reduced yield. It is one of the
important diseases affecting sunflower crop world-wide and

reduces vyield by 20-30% (Tikhonov et al., 1976: Sackston,

1981).



Plate 1

Diseased Sunflower plants at harvest showing a combination

of Bacterial and Alternaria Blights in the field



Fungal leaf-spots constitute one of the major groups
of diseases of sunflower. Fungi that induce leaf-spots
include Septoria helianthi and Alternaria helianthi.
Alternaria leaf-spot was first reported in 1969 in Uganda
(Anukumar et al., 1974); since then, it has been found to
be important in all sunflower-growing areas of the World
causing severe stem, foliar and head spotting diseases and
thus appears to be most threatening (Anukumar et al., 1974,
Herr and Lipps, 1981; Shane et al., 1981). 1In Nigeria for
instance Alternaria leaf-spot caused by A. helianthi is
considered as an important fungal disease in the northern

Guinea Savanna { Dkoli et al., 1989: Emechebe, 1980).

2.1.2 Bacterial Diseases

Bacterial diseases though not as numerous as fungal
diseases have been shown to be as important on sunflower
Crop. Green et al., (1984) reported attacks by Erwinia
carotovora var atroseptica causing the Erwinia stalk rot
which 1is characterized by rapid plant wilting and leaf
destruction distal to the infection point. They also
reported that Agrobacterium tumefaciens induced crown gall
which inhibited normal inflorescence development.
Psaudomonas solanacearum caused a characteristic wilt and
pith discolouration in affected sunflower plants.

Gulya et al. (1982) and Styer and Durbin (1982)
implicated £. syringae pv. tagetis as the pathogen causing
apical chlorosis of sunflower. They also found that

infected seed served as the primary source of inoculum.



Plate

Typical symptoms of bacterial bliaht 1n the field



2.2 Distribution and identity of Bacterial Blight
Pathogen World wide

Bacterial blight of sunflower has been reported in
Canada, Mexico, Brazil (Kimura et al., 1974, Robbs et al.,
1981), Upited States of America (Hellmers, 1955; Styer et
al., 1980), Canada (Piening, 1976), Japan (Kawamura, 1934),
Australia (Trimboli et al. 1978), Europe (Arsenijevic and
Masirevic, 1989; Duran and Sobrino, 1987).

The first report of bacterial blight of sunflower was
made by Kawamura (1934). He identified the pathogen as
Pseudomonas  helianthi. Piening  (1976) reported the
occurrence of bacterial blight of sunflower in Canada and
the causal organism was identified as P. syringae pv
helianthi . However, Robbs and Almeira (1981) identified

and

|h-_e

two different organisms; one of which was P. cichori
the other as P. syringae pv. tagetis. Styer et al., (1980)

and Gulya et al., (1982) named the pathogen that induces

bacterial blight as Pseudomonas syringae pv. tagetis. In
Spain (Duran and Sobrino, 1987) and in Yugoslavia
(Arseni jevic and Masirevic 1989) the incitant of the

disease is reported to be P. syringae pv helianthi.

2.3 Symptoms of Bacterial blight

The primary symptom of bacterial blight of sunflower
resembles those of other bacterial blights of plants
(Erinle, 1981). It starts as water soaked spots on the

lower surface of the leaves of vyoung seedlings; this
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further develops into angular brown to black spot (about
1-3 mm) on the plants. The lesions sometimes enlarge and
coalesce to form irregular areas of dead tissues. Lesions
also occur on petioles, stems and heads (Piening, 1976;
Arsenijevic, and Masirevic, 1989). If the disease attacks
at germination stage the cotyledons are damaged and the
seadlings die off. In older plants, the leaf lamina
(plateg),
becomes distorted and rolls inwardsA extensive yellowing
around lesions occur. There is tendency for the affected
leaves to tear off especially during rainstorms.

Completely killed leaves may still remain attached to the

plant (Duran and Sobrino, 1987).

2.4 Characteristics of the Pathogen

2.4.1. Cultural and Biochemical Characteristics

The bacterium forms large white, glistening colonies
on nutrient sucrose agar and a water soluble, green
fluorescent pigment on King’s medium B (Pseudomonas F agar
(DIFCO)) (Lelliot, et al., 1966). It is a Gram negative
rod, oxidase negative, able to induce a hypersensitive
reaction in tobacco, negative for soft rot of potato and
catalase positive, nonpathogenic to either bean or peach.
Based on these characteristics the pathogen was identified
as Qbudgmqnag syringae pv. helianthi (Kawamura, 1934;
Hellmers, 1955; Duran and Sorbrino, 1987; Asenijevic and

Masirevic, 1989).
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2.4.2 Seed Transmission

Gulya et al. (1982) obtained up to 63% seed
transmission from bacterial blight-infected sunflower.
Other workers (Styer and Durbin, 1982, Piening, 1976) also

reported seed transmission but did not indicate the level.

2.4.3 Host Range Test

Work done by Styer and Durbin (1982) showed that
Psaudomonas syringae pv tagetis can attack sunflower as
well as the natural host marigold (Tagetes erecta). Robbs=s
and Almeira (1981) showed that P. s. cichorii and P.
syringae pv helianthi can attack sunflower. However, Robbs
(1990 personal communication) indicated one distinguishing
feature of P. syringae pv. helianthi; its inability to
attack any other host other than sunflower while P,
cichorii can attack both sunflower and Cichorii and P.

syringae pv tagetis attacks both sunflower and marigold.

2.4.4 Resistance to Bacterial Blight

All the cultivars tested for resistance to bacterial
blight were susceptible, though a few showed some degrees
of resistance in the glasshouse, but not in the field,

(Gulya, et al., 1982).



Plate 3

Diseased head, stem and leaves from which the

pathogen that induces bacterial blight was isolated
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3 ISOLATION,  IDENTIFICATION OF  THE  PATHOGEN __ AND
DETERMINATION OF THE SEED BORNE NATURE OF THE DISEASE

5.1 ISOLATION AND IDENTIFICATION OF THE PATHOGEN.

3.1.1 Introduction

It is necessary to isolate and characterize the causal
organism of bacterial blight of sunflower in Nigeria as
there seems to be a controversy regarding the causal
organism in some countries where the disease had earlier
been reported. In Brazil, it was reported that bacterial
blight of sunflower is caused by Pseudomonas cichorii
(Robbs and Almeira 1981). 1In the United States of America,
Styer and Durbin, (1982) and Gulya et al. (1982) reportad
that the disease is induced by P. syringae pv tagetis. In
Europe and Canada many workers reported that the same
disease 1is incited by P. syringae pv helianthi (Piening
1976, Duran and Sobrino, 1987, Arsenijevic and Masirevic,
1989). In view of the above controversy, the present
investigation aims at establishing the causal agent in
Nigeria in order to pave the way for further research

especially towards control of Lhe disease.
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2.1.2 Materials and Methods

3.1.2.1 Isolation

The standard bacteriological technique of dilution
plating (Bradbury, 1970) was used in the isolation of the
bacterium from diseased tissue. Small pieces of the
diseased leaf, petiole or stem was cut from the advancing
margin of the lesion with a sterile scapel. The tissue was
washed thoroughly in two exchanges of sterile distilled
water and placed in a sterile Petri-dish with a drop of
starile water, teased apart with two starile nesdles and
allowed to stay for 15 minutes, after which the suspension
was examined microscopically to detect bacterial cells
released from the tissues. A loopful of the suspension was
then streaked on an appropriate medium, &.g. Nutrient agar,
sucrose peptone agar (SPA) or King's medium B. The
streakad media were placed in an incubator with Patri-dish
placed upside down and the temperature maintained at 27°C
(+2oC) for a period of 24 - 48h. A pure culture was
obtained by sub-culturing two or more times well separated

single colonies that were more in abundance.

3.1.2.2 Biochemical Tests

Preliminary investigation into the characteristics and
taxonomic position of the isolated pathogen was based on
some physiological and cultural tests as contained in the
standard 1laboratory guide (Schaad, 1980). These included

Gram-staining, oxidase and catalase tests, indole and
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arginine-dehydrolase tests, carbohydrate utilization and

florescence tests,

3.1.2.4  Hypersenstive Reaction (H.R)

Hypersentivity test was one of the tests done to prove
the pathogenicity of the pathogen isolated. The method
amployed was that of Klement (1975). The inoculum
suyspension from a 24h old culture containing about 107 -
108  colony forming unit per ml (cfu/ml) was injected into
the lower surface of a leaf of tobacco seedling (Nicotianum
tabacum var White Burley). The effect was observed within

24h at 25-28°C in the laboratory.

3.1.2.5 Pathogenicity tests

Inoculation of young sunflower seedlings was carried
out using 4-8 week-o0ld potted seedlings in the laboratory
by spraying the bacterial suspension from a 24 hour old
culture with a spray gun or an atomizer. The control was
also sprayed but with sterile distilled water. The plants

were examined regularly for up to two weeks after

inoculation.

5.1.2.6 Host Range tests

Various workers have reported the pathogen,
Pseudomonas syringae pv. helianthi to be host-specific
(Duran and Sorbino, 1987; Asenijecic and Masirevic, 1989)
while in Brazil P. syringae pv. tagetis and P.s. cichorii
are pathogens of surflower and marigold and cichorii

respectively. Thus the inability of P. syringae pv.



helianthi to attack any othar host other than sunflower :
1N important taxonomic feature In th) ynvestigation the
pathogen of sunflower bacterial blight wa 1noculated 1nto
Phaseolus bean, tomato nd marigold seedl -Il'l'_]‘- Lo test the
hos t range status. The maethod used was the same as 1N
pathogenicity test outlined above
Plate 4: Hypersenstive Reaction (arrowed) induced by

ELhe {‘.ulhth]--r]



L7

3.1.2.7 Incubation of the inoculated seedlings

The seedlings were partially covered with transparent
polythene bags for 48h in the laboratory in order to
increase humidity, while at the same time allowing for
adequate aeration. Symptoms and disease incidence were
recorded on weekly basis for a period of 8-10 weeks after

inoculations.

3.1.2.8 Identification of the Re-isolated Pathogen
Identification of the pathogen re-iscolated from the

inoculated seedlings was based on two methods: biochemical

and cultural tests and by sending cultures to the

International Mycological Institute IMI, Kew, London.

3.1.3 RESULTS AND DISCUSSION

Bacterial growth was observed during 2 days of
incubation after streaking nutrient media with suspension
from infected tissue. Colonies on Sucrose Peptone Agar
(SPA) or Nutrient agar (NA) were creamy, slimy, convex and
glistering. Some biochemical tests performed showed that
the pathogen of sunflower is gram-negative and oxidase
negative. The pathogen is also able to produce acid from
various carbon sources.

when the bacterial sSuUsSpension was injected into
tobacco leaves, it induced hypersensitive reaction in less
than 24h (Plate 4). When plated on King's medium B, the
pathogen formed a mass of green pigments which flfgoresced

under ultra violet light.



Plate 5A: Control experiment Plate 58:- 7 days after inoculat

Plate 5C: 21 days after inoculation

Plate 5: Typical bacterial blight symptoms induced by thi

pathogen in the laboratory
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This result is similar to those obtained by other workers
(Kimura et al.1974; Duran and Sorbrino, 1987; Arsenijevic
and Masirevic, 1989).

The pathogen was also able to induce typical bacterial
blight symptoms on young sunflower seedlings after 7 days,
and by 21 days after inoculation the lesions had coalesced
leading to advanced necrosis and distortion of the
inoculated leaves (plates 5A - 5C). However, when the
pathogen was inoculated on bean, tomato or (Marigold)
Tagetes spp seedlings it was unable to induce any symptoms
showing that the pathogen is host specific. This agrees
with results obtained by some other workers (Kawamura,
1934; Hellmers, 1955; Duran and Sorbrino, 1987; Arsenijevic
and Maserevic, 1989).

When the pathogen was re-isolated from the inoculated
seedlings, it produced colonies similar to the original
culture. As a further proof of pathogenicity of the
organism the re-inoculated seedlings also showed typical
blight symptoms after three weeks.

The identification of the pathogen was established by
the International Mycological Institue (IMI - 350936)
although not up to the pathovar level. But based on all
the identification and charaterization results obtained
which were similar to those reported by other workers in
other countries the pathogen was proven to be Pseudomonas
syringae pv helianthi (Kawamura, 1934; Hellmers, 1955;
Lelliot et al., 1966, Kimura et al., 1974; Duran and

Sorbrino 1987: Arsenijevic and Maserevic, 1989).



3.2 DETERMINATION OF THE SEED BORNE NATURE OF THE PATHOGEN

3.2.1 Introduction

Some workers reported that the bacterial blight
pathogen of sunflower is seed borne and thus serves as the
primary source of inoculum (Gulya et al., 1982; Styer and

Durbin, 1982).

3.2.2 Materials and Methods

This investigation was carried out over 1990 and 1991
growing seasons. 0One hundred seeds from each of the eight
varieties were surface sterilized by immersing them in 0.5%
aqueous solution of sodium hypochlorite for three minutes,
and rinsed in three exchanges in sterile distilled water.
The seeds were filter dried and twenty seeds wera
asceptically removed and plated on SPA so that there were
five plates for each variety. The seeds were examined for
infection after 24 - 48 hours. The percentage seed
infection was recorded.

For identification of the pathogen(s) responsible for
the seed infection, the bacteria from the infected seeds
were purified and used to  inoculate young sunflower
seadlings as outlined in the pathogenicity test earlier.
Symptomse on the head, stem and leaves were compared with

those found in the field.



Plate 6&: Typical bacterial blight symptom induced by

pathogen isolated from infected seeds (similan to

those of leaf)



3.2.3 RESULTS AND DISCUSSION

Table 3.1 Incidence of bacterial infection on sunflower

seed for 1990/91 wet seasons.

vVariety Percentage seed infection
: ) 1990 . 1991
Cherneanka 47 50
Isaanka 47 26
Saturn 57 &0
VNIIMK8883 36 46
Smena &0 50
Cakinskij 268 49 53
Funtua 53 55
Record 54 .. 20

The result in Table 3.1 showed that all the varieties
were infected with the bacterial blight pathogen. The
incidence ranged from 36-60% and 26-60% for 1990 and 1991
growing seasons respectively. Varieties Smena and Saturn
had the highest percentage seed infection in 1990 and 1991
respectively while UNTIMK and Isaanka had the lowest for
the two years.

When the colonies were subcultured, the bacterial
growths observed were similar to those obtained from the
field. Furthermore, pathogenicity test proved that the
pathogen was the same as that isolated from the field.
Furthermore, identification carried out through biochemical
tests conducted confirmed that the pathogen was the same as
those that induce bacterial blight in the field. This
result corresponds with the work done earlier by other
workers showing that Lhe disease is seed borne (Gulya et

al., 1982; Styer and Durbin, 1982).



4 EFFECT OF SOWING DATES ON SEVERITY OF THE DISEASE

4.1 Introduction

The effect of sowing date on the incidence and
severity of bacterial blight of sunflower was investigated
in order to ascertain the optimum date for sowing of the
seeds to escape or reduce the incidence and severity of the
disease. The effect of various dates on the vield and
yield components of the crop were also assessed both in

field and in pots experiments.

4.2 Materials and Methods

Trials
Pot experiments were carried out to assess the effect
of four different sowing dates on the incidence and
severity of the disease. Thise experiment was conducted
during the 1990 and 1991 wet seasons.
During the 1990 growing seascon the four sowing dates
were as follows: 11th  and 25th  June, 9th and 23rd

July designated as Dy, Dz, D3z and Da respectively.

During the 1991 growing season the sowing dates were as

follows: 25th  June, 9th July, 23rd July and 6th
August designated as Dy, Dz, Dz and Da
respectively.

The experiments were carried out in clay pots

containing heat sterilized soil supplemented with single
super phosphate and calcium nitrate fertilizers. The
expariment was a Randomized complete block design with

three replicates.
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The sunflower (cv. Isaanka) seeds were sown at the
rate of five per pot. The seedlings were thinned down to
three per pot two weeks after germination.

The disease incidence was recorded within the first
3-4 weeks after germinabtion and thereafter at forth nightly
intervals. The disease was assessed using scale of 1-10, a

modified scale of Bird and Hadley (1958) as follows:

1. No symptoms on either side of the leaf and petiole.

2. Few small, necrotic and angular lesions barely visible
on upper surface but readily visible on lower surface;
no lesion on petiole.

3. Large number of small necrotic lesions covering about
50% of leaf area, no coalescence; few small scattered
lesions on petiole.

4. Entire leaf surface covered mostly by small lesions
but lesions begining to coalesce especially towards

the tip of the lamina; few =scattered lesions on

petiole.
8. Entire leaf surface covered by lesions many of which
have coalesced; yellowing around lesions, few

scattered lesions on the petioles.

6. Entire leaf surface covered by lesions with
coalescence in about 33% of area affected; few lesions
on petiole and some of them about 0.5cm long.

y . Similar to above but coalesced area more extensive and
darker on both lamina and petiole, leaf becoming
distorted as a result of concentration of advanced

necrosis towards the tip of lamina.
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8, Leaf lamina badly necrosed and appears dark with area
of dead tissue end rolled downwards:; extensive
vellowing around lesions; petioles carry lesions.

Q. About half of the leaf lamina dead and appear wvery
dark, distorted ined aurrounding arca elorotic:
tendency for leaf to tear: petioles may or may npot
have prominent lesions

10. Leaf campletaly killed bot mav remain attached ta the

plant.

Other parameters vuzed in the assecssment of the =ffect
of tha four sowing dates on the severity of the diszasze
include measurement of plant height, head diameteod head
waight and s=saed waiaht al harvest for Lhe 1990 and 1991

growing seasons.

4,.2.2 Field Trials

A field evporinent was also carried out to test the
effect of wvarious sowing dates on the incidence and
zavarity of bacterial blight disease of sunflower during
the 1990 and 1991 wet seasons. The trial was also laid out
in a Randomized complete block design with 3 replications
The field was divided into 12 plots each consisting of 6
ridges, 6 metres long and 0.75 meters apart with a spacing

of 25cm within rows.



Plale @ A healtw leaf B lafected leaf
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The four sowing dates for both 1990 and 1991 wet
seasons were the same as follows; 25th June as= D,
9th  July as Dz, 23th July as Dz and é6éth August as
Da .

The variety of seeds used were the same as those used
in the pot trial (Isaanka) and were planted five per hole
and later thinned down to two per stand two weeks after
germination. To support the growth of the plants, there
was NPK fertilizer application, at ratio of 100.50.30 so
that the field received 225 kg/ha.

The first disease severity score was recorded within
the first three to four weeks after seedling emergence and
subsequently at weekly intervals. The method of disease
assessent was as indicated in the pot trial i.e. wusing a
scale 1-10. However, in the field, sixty plants were
randomly selected from the net-plots for scoring. At the
time of the assessment the first four 1leaves from the
youngest open foliage leaf were tagged on each of the
selected plants.

At harvest records of yield and yield attributes were
obtained from the selectad plants and net plots by
recording the plant height, head diameter, head weight,
seed weight per plot and weight of 1000 seads. All data
collected were analysed statistically and the treatment
means were separated using either the Duncan’s Multiple
Range Test (DMRT) or the Least Significant Difference

(LSD).
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4.3 RESULTS AND DISCUSSION

4.3.1 Pot Trials

The effect of the different sowing dates on severity
of bacterial blight of sunflower obtained during the 1990
and 19921 pot trials is shown in Tables 4.1 and 4.2 along
with the yield data at harvest.

The second =owing date (Dz) planted late June 1990
had the highest mean disease severity of 3.16. It was,
however, not significantly different from those of Di
Dy and Da. In 1991 the third sowing date (Dx3)
planted late July had the highest disease severity score
but was not stastically different from Dy and Dz though
highly significantly different from D4 which was planted
early August.

In 1990 the rainfall was heavier than in 1991, the
total amount of rainfall being 887.70mm and 5S06.20mm for
1990 and 1991 respectively (Table 4.3). Although, the
rainy season began early in 1991 there was a slight break
in early June which delayed sowing till the end of. the
month. In contrast, however, the rainfall pattern in 1990
made early June planting possible.

From the 1990 investigation it was found that crops
planted late June and early July, had higher disease
severity score than plants sowed early June or early
August . This could be explained by the fact that rainfall
was at the peak at August so that the crop was heavily
attacked by the disease prior to maturity.

Early August-sown crops (Dg) for 1991 and late July sown
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Table 4.1 Effect of sowing Date on the severity of Bacterial
blight of sunflower and plant parameters in the
1990 Pot Trial.

Sowing

Date

11th June
25th June
9th July

23th July

LSD

(P=0.05)

Legend:

Dissase Plant

Score

3.00
3.16
3.04

3.01

_N.S

Height

(m)

1.33b
1.34b
1.562

1.27b

Head Head Seed 1000 seed
Diameter weight weight weight
(cm) (g) (g) (9)
17.80°b 34 .48¢ 4.60b 52.00
19.40ab 45.77% & . 002 93.00
21.3642 57.102 7.364a 56.49
14.87¢< 32 .38¢ Z.06b 49 .70
?*  1.910** 2.110** 0.918** N.S

Values followed by the same superscripts are not
significantly different (p=0.05 using DMRT)

N.S

*

x*x

Not
=ig

N

significant (p
nificant (p

= 0.05)
= 0.05)
Highly significant (p = 0.01)

Table 4.2 Fffect of sowing Date on the =everity of Bacterial

Sowing
Date

25th June
9th July
23rd July
6th Aug.
LSD
(p=0.05)

Legend:

blight of sunflower and plant parametars in the

1991 Pot Trial.

Disease Plant

Score

3.054
3152
5.324
2.45b

0.317%*

A= 1in Table 4.1

Head Head Seed 1000 seed

Height diameter weight weight weight
(m) (cm) (g) (a) (g)
1.4 17.63ab 51.20b /].72b 54.17

1.42 18.432 55.502 10.722 53.152
1. 3& 15.922 42 .99¢ 6. 30¢ 50.30b
.37 13.62¢ 33.0049 5.365 49.13b

N.S 1.942%% _ 2.55%% 1.190%% 2.19%X
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crops {(D4) for 1990 had the least disease. The orops
approached maturity during September when the rains were
almost gone s that enviromantal conditions did nob  favour
the spread of the disease,

It was found from the comparison of the two yesars work
that the 1990 crops bhad a higher disesase severity score
(grand megan of 3.055) than that of 1991 (Grand mean of
2.993%). This is because there was a higher rainfall in
1990 (887.70mm) than in 1991 (506&.20mm) (Table 4.3).

The growth performance of the crops at  the wvarious
sowing dates for both 1990 and 1991 wWwas also analysed. For
both years orops sown sarly July (Da for 1990 and Dz
for 1991) had the best growth (which was statistically
significant from other sowing dates) in raelation to plant
hetght, hzad diameter and head weight.

Yield data followasd the Same Lrand as growth
perfomance. In relation to seed welght the early Julyv-sown
crops  had the highest yield (7.3&6g for 1990 and 10.72g for
1991) which was highly significantly Jdifferent from others.
Although ths weight of 1000 sead showed no significant
chifference in 1990, there was significant difference
batwean late June or early July sown crops and late July or
sarly August-sown crops in 1991.

These results showsd thab crop vields are better if
CrOps  are  sown @l ther in late Jure or marly July.
Furthermore the results have further established that vyield
is a conmplex parameter determingd by several factors;
hature of plant, diseass, eanvironmental conditions, eto.
The same observiion was made in studies of bacterial blight

of sesame (Akpa, 1985).






Table 4.3 Weather Records in Samaru During the Field Experimental Periods 1990 and 1991

MONTH  MEAN HEAN SUN- $ RELATIVE HUMIDITY. WIND

RAINFALL TEMP. SHINE AM. P.M SPEED 4 8 t 9“.—’ o

W) (00)  (wRs) () <P

. oSG 7

1990 1991 1990 1991 1990 1991 1990 1991 1990 1991 1990 1991 | ';h

WARCH - 44.70 25.80 35.20 7.80 7.60 9.10 27.40 9,10 17.70 227.82 140.28 T
APRIL = 47.80 30.10 35.40 8.40 B.20 45.90 54.30 23.0 33.40 213.63 195.44

WAY  123.30 243.0 27.20 30.80 7.50 6.40 68.50 76.80 50.50 60.50 221.91 151.58 T

A

JUNE  155.70 87.0 25.90 30.10 7.30 6.90 75.80 78.40 60.70 64.30 220.36 165.90 i
JULY  221.90 189,60 24.20 28.10 6.40 5.70 B0.40 80.30 65.50 69.90 167.08 145.75 *\ g* re
- LARIA NI

AUGUST 255.30 32.90 24,20 27.90 6.80 5.00 81.40 84.40 66.60 72.50 112.42 117.20 4®;¢3 e~
- Cells ¢

SEPT. 131.50 51.20 25.10 31.30 7.40 B.10 75.90 72.80 62.20 58.80 107.89 94,58
ocr. - 20.70 25.70 32.0 B8.40 8.50 5B.80 66.0 4B8.80 40.40 90.78 76.91
T0TAL 887.70 506.20 - > o = 3 % = - > »

M .96 63.28 7.50 7.05 61.98 67.55 48.30 52.19 170.23 135.9

4.3.2 Field Trials

The effect of the different sowing dates on severity
of bacterial blight of sunflower obtained during the 1990
and 1991 field trials are shown in Tables 4.4 and 4.5.
The results showed that sowing date has a significant
effect on the disease severity score.

Thare were significant differences between the means
of the disease severity scores of the second sowing (Dz)

and thq. third sowing (D3x) dates. However, thera was no
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significant difference between the means of first sowing
(D1) and the fourth sowing (Da4a) dates.
The result from head diameter in the 19920 wet season

showed that the means of the four different sowing dates

are not significantly different among themselves. However ,
in 1991, the means of the four sowing dates were
significantly different (p = 0.05) with Dz having the

largest head diameter and Da having the least.

The mean plant height was also affected by the sowing
date. In the 1990 wet season both Dy and Dz had the
same mean height which was not significantly different from
D3 but was significantly different Ffrom Da. In the
1991 growing season, the mean plant height was also highest
with second sowing (Dz) but not statistically differerent
from D3 and Da which were not significantly different
from each other.

Wwhen the mean head weight was analysed statistically,
it was found that sowing date had a significant effect on
this parameter in the 19920 welt season. The mean head
weight at Dz was highest and was significanlty different
from Dz and Da but not from Di. Similar trend was
observed in the 1991 trial. The mean head weight had the
highest at Dz weight followed by D1, but these are not
different statistically but were highly significantly
different from Dz and Da.

The differences between the four sowing dates in
relation to mean seed weight per plant were not significant
in the 1990 trial. In the 1991 wet season, however, the

differences between the four dates were statistically
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significant, the highest mean seed weight was produced by
Dz followed by Dy though their values were not
statistically significant but there ware significant
difference between Dz and Dsi, and Da on one hand and
between D) and Da on the other hand.

The data for the seed weight per plot followed the
same pattern as that of seed weight per plant. 1In 1990 wet
season D2 produced the highest weight followed by Dy
with no significant difference. The result further showad
that there were no significant difference between Dz and
Dy on one hand but Da plants significantly yvielded
less than both Dz and Dy. Values of seed weight per
plot between D1 and Da were, however, not significant
statistically. In the 1991 arowing season Dz also
produced the highest seed weight per plot with significant
difference from the other dates while plants sown on other
dates did not differ statistically from each other.

In relation to the weight of 1000 seed there was no
significant difference among the sowing dates.

From this investigation, it can be seen that though
Dz had the highast disease severity for the two years
trialse, this had no significant effect on plant yield as
the best yield was produced by plants =2own at this date.

The high disease severity of the second sowing date
(Dz) could be explained in terms of the total and the
distribution of rainfall during the life of the crop (Table
4.3). July - August recorded the highest rainfall for both
years compared to other months. This factor favoured the

spread and severity of the disease.
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It is also clear from this investigation that vyield
is controlled by many factors besides disease; such
factors include soil type, the environmental conditions,
nutrient status, pests, nature and variety of the crop.
Tharefore, the high or reduced yield obtained at sach date

cannot be attributed to any single factor.

Table 4.4 Fffect of sowing date on the severity of
bacterial blight of Sunflower; 1990 Field trial

Sowing Disease Head Plant Head Seed Seed- 1000

Date Score diameter height weight Weight/ weight/ seed
(cm) (m) (g) plant plot weight

(g) (a)  (a)

25th June 3.77% 17.43 1.414a 45.50ab 34 .84 1137ab 52.27
9th  July 6.618 17.3%9 1.414 50.50a 41.96 13492 51.62
23rd July 5.842 16.18 1.38ab 3] _.50b 25.64 6560 48.17
6th  August 2.91F 14.65 1.360 25.30b 23.04 576°¢ 49.52
LSD(P=0.05) 0.739 N.S 0.0422% 114.794™% 4.647"% 4.647%* N.S

Legend: As in Table 4.1

Table 4.5 Effect of sowing date on the severity of Bacterial
blight of Sunflower; 1991 Field Trial

Sowing Disease Head Plant Head Seed- Sead 1000
Date Score diameter height weight weight/ weight/ seed
B —— __plant  plot weight

25thJune 3.85b 17.91ab 1.19b  57.50a 32.0ab  641b 56 9a

9eh July 4.753 20.642 1.564 59.402 34.202 12612 52.0ab
23r9June 4.233b 16.67% 1.23ab  36.0b 19.20bc 596b 47.0ab
6th Aug. 3.29¢ 12, 33¢ 1.02b 12.90¢ 8.20c 215> 41.7°

LS0(P:0.05)0.894% I .472%% 0.299% 15.969%% 12.104%% 500.984% 9.473%

Legend: A= in Table 4.1
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Statistical analysis of the other yield attributes
like head diameter, plant height and head weight produced
similar results as the yield. The early July sown crops
(Dz) consistently produced the best result in these
parameters, Late June sown crops (D1) usually followed
Dz in terms of performance which was inturn better than
late July (Dsz) and early August (Dg) sown crops.
August sown crops were found consistenly stunted with
smaller heads which could be responsible for the reduced
yield rather than disease severity as plants sown at this
date recorded the least disease score.

From the two years’ results, it can be seen that 1990
had higher disease severity than 1991. This could be
explained from the fact that although the rainy season
began early in 1991, there was a slight break in early
June which delayed sowing till the end of the month. In
contrast, however, the rainfall pattern in 1990 made early
June sowing possible. This promoted greater disease
saverity than during the following season.

Similarly, the result showed that growth performance
and crop yield were better in 1990 than in 1991 wet
season. Poor weather condition could also be responsible

for the reduced growth and yield of the 1991 wet season.
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5.1 Introduction

In this investigation, different chemical treatments
wara employed in both pot and field trials to determine
the possibility of chemical control of bacterial blight of
sunflower . The main chemical treatments tested include

seed dressing chemicals and foliar spray.

5.2 MATERIALS AND METHODS

5.2.1 Pot Trials (Seed dressing chemicals)

A small scale trial based on a pot experiment was
conducted to test the efficacy of some seed dressing
chemicals in controlling bacterial blight of sunflower.
The bactericides used as dressing chemicals were Busan,
Bronocot, Streptomycin and Terrachlor (=ee Appeandix
20). The trials were conducted during the 1990 and 1991
wet seasons.

Busan, a liquid emusifiable concentrate was used as
slurry treatment at the rate of 1.1lml of the product per
200g of seed and streptomycin a 1% solution. Bronocot and
Terrachlor are dust formulationz and were applied at the
rate of 0.2g a.i per kg seed. The econtrol treatment
received no chemical dressing.

The trial was a randomized complete block design

(RCBD) with three replicates. The seeds (Isaanka) were
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planted five per pot containing heat sterilized soil
supplemented with Super Phogsphate and Caloium  Ammonium
Nitrate fertilizers. Disease incidence and sevarity wers
assessad 4-5 weeks after sowing using a 1-10 disease
saverity scale. The treatment means were caloulatad.
Growth performance and yield data Were also
obtained. All data collected were analysed statistically
and the significant differences batwaen the means
interprated by use of the Least significant difference

(L8D) or Duncan’s Multiple Range Test (DMRT).

5.2.2 Field Trial (Seed drassing chemicals)

During the 1991 growing season a field trial was
conducted at Samaru, Zaria using various sesd dressing

chemicals to evaluate their efficacy for the control of

bacterial blight disesase of sunflower. Sevan dressing
chemicals were used as follows: Eanomy) (Benlats),
mataxyl + caboxin + furathiocarb (Apron plus),

Streptomycin sulphate, PNCB (Terrachlor), carbendazim +
iproidione (Rovral T.%.), Mancozeb (Mancosan) and bronopol
(Bronocot) (see Appendix 20 for details). apart from
streptomycin, all othear chemicals used were  dust
Faormulation and were applied at the rate of 29 a.1l. par kg
of seeds (variety Issanka) while streptomycin was applied
at 1% solution. The seeds were divided into seven
batches, each batch received ong of the seven ochemicals
angd  the eigth batch of seeds which received no chemical
Lreatmant and served as the control.

This investigation was conducted only 1in 1991 wet

season  and the seed variety used was JIsaanka collected
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from the IAR 1990 seed harvest (the only wvariety with
enough supply). The seeds were planted 23rd  July 1991
and the trial was a Randomized complete block design
(RCBD) with three replications. The trial had 24 plots,
each consisting of five ém ridges and 75 cm wide. Each
ridge gave a total of about 50 plants at an intra row
spacing of 25cm within rows. All treatments were randomly
allocated within each replication using Tippet’s random
numbers.

The seeds were sown five per hole and later thinned
down to two seedlings per stand two weeks after seed
germination. Disease assessment was conducted 4-5 weeks
after sowing. Twenty seedlings from the net plots were
randomly selected out of which the first four leaves from
the youngest open foliage were tagged for disease severity
score based on a scale of 1-10 as outlined in Section 4.
Growth performance as part of yield attribute was obtained
by recording height of plant, head diameter and head
waight per plant (mean of 20 plants), while grain vyield
was determined by recording seed weight per plant, per
plot and 1000 seed weight per plot. All data collecteaed
were analysed statistically and their differences
separated with the aid of Duncan’s Multiple Range Test

(DMRT) or Least Significant Difference (LSD).

5.2.% Effect of Foliar Fungicide Spray on the Severity of
Bcterial Blight of Sunflower

Another field trial was conducted during the 1991 wet

season to determine the effectiveness of four different
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fungicides as foliar sprays for the control of bacterial
blight of sunflower. The use of fungicides to control
bacterial diseases 1is justified due to the scarcity of
bactericides and also coupled with the fact that some
fungicides have been shown to be effective in controlling
bacterial diseases (Beer and Sherf, 1975). The chemicals
employed in this trial were as follows: Rovral T.5.,
Copper oxychloride, Copper hydroxide (Fungaron) and
Terrachlor. Copper oxychloride and Fungaron are both
wettable powders containing 60% and 70% copper
respectively. Rovral T.8 and Taerrachlor are dust
formulations based on iprodione and PCNB respectively.

Each fungicide was applied at the rate of 2g a.i.
every seven days beginning from the period of infection
(about three weeks after seedling emergence), up to 10-14
days before harvest. The fungicides were sprayed using a
knapsack (CP1S5) sprayer with a yellow nozzle. The crops
were sprayed until there was a run-off to ensure complete
coverage of the leaves.

The field layout was a RCBD with three replications.
There were five treatments including four different
chemical treatments and an untreated control. Disease
severity score was also based on a scale of 1-10. Data
yvyield and vyield components were obtained and data
statistically analysed as outlined in the seed-dressing

chemical trial (Section 5.2.1).
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5.3 RESULTS AND DISCUSION

5.3.1 Pot Trials

The results relating to the influence of the four
bactericides on disease severity, growth performance and
grain yield at harvest are presented in Tables 5.1 and 5.2
for the 1990 and 1991 wet seasons respectively. Ganerally
each of the bactericide achieved a measure of disease
control when compared with the untreated control
experiment during the 1990 trials. Though their mean
values (ranging from 2.18-2.80) had no significant
difference from that of the untreated it can be seen that
the untreated plants had the highest disease score (2.87).
It was found that Busan was more effective than the other
three in reducing the disease severity. Terrachlor was
next to Busan and was better than Bronocot and
Streptomycin which was the least effective during the 1990
trial.

In the 1991 trial, however, Terrachlor was the most
effective chemical and was followed by Bronocot, Busan
came third this time while Streptomycin was <still the
least effective and was only slightly better than the
control. From the two years results it was found that
Busan was the most effective (Tables 5.1 and 5.2).
Terrachlor was next, followed by Bronocot and Streptomycin

in the third and fourth positions respectively.



Table 5.1

Chemical
Treatment
Busan

Bronocot

Effect of chemical

43

sead treatment on the

severity of Bacterial Blight of Sunflower

under pot condition during the 1990 trial.

Disease

Score

2 .18

2.60

Streptomycin 2.80

Terrachlor

Control

Table 5.2

Chemical
Treatment
Busan

Bronocot

2.49

2.87

N.S

Plant
Height
(m)
1.27
1.36
} .31
1.19
125

N.S

Head
diameter
(cm)
16.43
14.17
14 .52
14.67
14.10

N.S

Head
waight
(q)
28.0
31.30
20.80
27 .40
25.10

N.S

Seed
waight

(q)

18.0

18.30
i4.60
13.60

N.S

1000

sead

wt

5670

57.0

54 .80

53.90

Effaect of chemical seed treatment on the

zaverity of Bacterial Blight of Sunflower

undaer pot condition during the 199]

Diseasea

Score

2.59

2.44

Streptomycin 2.80

Terrachlor

Control
LSD

(p=0.05)

2.43

3.49

N.S

Plant
Height
(m)
1.23
1.351
1.18
1.21
1.19

N.S

Head
diameter
Lem
11L.33
13.50
10.00
11.67

10.93

Head

weight
(g)
29 .80
28.00
23.50
23.30

20.

Saeed

weight

(g)
19.80
18.70
15.50
15.70
13.10

N.S

trial.

1000

seed

wt

53.70

58.60

49.50

48 .30

44 .90

N.S
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In the control of bacterial bliaht of cotton, Busan

was also found to b the most oflective bhatericide

(Poswal 1981).

The growth performances of plants  from the five

different treatments were also cowpued for both years.

Genarally, it was found thal. plant- tireated with Bronocot

had the best growth for the two yeoa<s trials in terms of

plant height, head diamecter and weiaht . The l1east growth

performance was recorded with f+laaits tromatad  with

Terrachlor. From these reosolls il doos sppm that disease

severity had no significant affect on  agrowth performance

as plants treated with Terrachlor haid lowest disease but

growth was less than others.
In relation to the effect of tho disease severity on

yield the results of thae five different treatments

including the conbtrol was  comp o isd, Bronocot treated

plants had the highest yield in terne of seaed weight per

plant and 1000 seed weight. This wes followed by Busan

treated plants for the two years trials. Streptomycin

treated plants performed betbter than  Terrachlor treated

plants when their two years grain yvield were combined. In

all the parameters ass@asod, iy untreatnd plants

performed poorest even thouah Lhe rrsnlls showed that the

differences among the treatment= woro pot  statistically

significant. Tt does seem hownver . that  there 1is  somae

wisdom in the use of <cod diessinag hemicals., 1t is also

true in  this aspect that disecoaso  caverity can not be

directly correlated with yield pemilormance as  Jerrachlor

treated plants consistently performed poorly  though with

the least disea<e grade
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5.3.2 FICLD TRIAL (SEED DRESSING CHEMICAL TREATMENTS)

The results of the 1921 field trial are shown in
Table 5.3. Out of the seven seed dressing chemicals used,
Terrachlor proved most superior by achieving the best
control; this was followed by Mancosan and Benlate with
mean score of 35.08 and 3.19 respectively. When the values
were analysed statistically it was found that the
difference between Terrachlor and other Ctreatments (except
Mancosan) was highly significant. Apron plus and Rovral
T.5 had the highest disease severity score of 3.45 and
3.44 respectively and their differences were highly
significant from other treatments. In addition when their
values were compared with that of the untreated plants,
the untreated plants had less disease severity (3.28) than
Apron plus and Rovral T7.S. It could be that several
factors such as pest attack, high or low elevation, water
logging and other unaccountable factors combined to lead
to poor performance of these two chemicals.

In relation to growth performance as one of the
attributes of plant yield, there was no significant
difference among the eight treatments. However, plants
treated with Banlate had the largest head diameter
followed by Rovral T.S, Mancosan and apron plus trated
plants. Bronocot-treated plants gave the smallest heads.

In terms of plant height Rovral T.S. and Bronocot
treated plants had the tallest plants. Streptomycin-
treated plants had the least plant height. The reduced
growthzayellowing of leaves of plants treated with

streptomycin could be that the application rate (1%) was
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toxic to the plants as the level of phytotoxity of these
chemicals to the plant was not evaluated. From the result
it can be seen that the untreated plants were taller than
plants treated with streptomycin.

wWwhen the results of sged weight per plant was
carefully analysed there was no significant difference
among the treatments. The results showed that the
differences among the sesd weight per plot were highly
significant. Mancosan gave highest seed yield per plot
(646.10g) which was not significantly different from that
of Terrachlor (596.30g) and Bronocot (58&.609) but was
statistically different from that obtained from others.
The yields obtained from plants treated with Bronocot
(583.60g) was not significantly different from tLhat
obtained from Apron plus (568.80g) and Rovral T.8
(529.90g) but significant differences existed betwsen them
and other treatments. From the same result, it was found
that streptomycin treated plots scored the least yield
(369.809). It is important to note thalt even the control

erformed better than streptomyocin- breated plants.
(<] i

Regarding seed weight of 1000 seeds, Bronocot and
Apron  plus perforned bazl bub their differences were nhot
statistically ignificant From others. Streptomycin also
had the leact seed waight of 1000 seads

From the above result=s, it can be seen that yield is
a parametaer not controlled by diseace alone bub by several
factors. However, all the plante Lreated wibth ~hemicals
had improved yield (aparl Trom streptomycin) when oompared

with the control funtieatad) plant: Thus there seems to



be no correlation between disease severity and grain yield
in this investigation. Terrachlor treated plants had the
least disease severity score (2.99) and in terms of seed
yield per plot terrachlor treated plants came second.
However, in case of Mancosan treated plants had less
disease severity (3.08) than other chemical (except
streptomycin) treated plants and produced the highest
grain yield per plot. aApron plus, Rovral T.8 and Bronocot
resulted in high yield despite high disease <severity
score. For such treatments their high yields cannot be
attributed to less disease but to other factors related to
promotion of yield such as environmental conditions,
disease tolerance, nutrient status, type of crop and soil

nature.
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533 Effect of Foliar Fungicide Sprays on the severity

of Bacterial Blight of Sunflower in the Field

The results relating to the effect of the four
chemicals used as foliar sprays are presented in Tabe 5.4
for the 1991 planting season. The least disease severity
score  was attained by plants sprayed with Copper
oxychloride with mean of 2.74. This was followed closely
by Fungaron (Copper hydroxide) with the mean of 2.78.
Whan their means were compared with those of Rovral T.5
(3.13) and Terrachlor (3.53) their differences ware highly
significant. Terrachlor performed poorly in controlling
the disease.

It is significant to note that though Terrachlor
proved ineffective as foliar spray it however proved
effective as a seed-dressing chemical as was demonstrated
earlier under seed dressing trial. On the other hand
Rovral T.S performed fairly well as a foliar spray but
performed poorly as seed dressing chemical in control of
bacterial blight of sunflower. This shows that Rovral T.S
can serveae as effective foliar spray while Terrachlor could
be used as a seed dressing chemical.

The effect of these foliar sprays on growth
performance was also determined. Rovral T.8 had the
highest mean value in relation to head diameter and plant
height. This was followed by Copper oxychloride. The
analysis of the mean head waeight showed that there was no
significant difference among all the treatments. However ,

the highest head waight was recorded by Copper oxychloride
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while the least head weight was from untreated plants.
The means of seed weight per plant followed the same trend
as head weight. Rovral 7.8 treated plants still performed
better than the others while the untreated had the least
seed weight per plant. Analysis of seed weight per plot
showed that there were highly significant differences
among the five treatments. The highest yield was produced
by Rovral T.S. treated plants. There was a highly
significant difference between Rovral T.S. treated plants
and the untreated and between those of Terrachlor treated
plants.

From this investigation it can be seen that the most
effective chemical in terms of disease control was Copper
oxychlorida but in terms of yield, however, the most
effective is Rovral T.S. In this investigation the
efficiency of a chemical is not based on yield alone as
yield has been shown to be controlled by complex
parameters. Therefore for the control of bacterial blight
of sunflower Copper oxychloride and Fungaron are effective
as foliar sprays. However, the effectiveness of these
foliar sprays and thair economics need to be evaluated

properly.






6.1 Introduction

There are no reports so far on varietal resistance to
bacterial blight disease in Nigeria. In this investi-
gation therefore, an attempt was made to assess the
degrees of susceptibility or resistance of some of the
varieties of sunflower in the TAR collection. Eight
varieties were tested both in pots and in the field. The

trials were conducted for two years in the 1990 and 1991

growing seasons.

6.2 MATERIALS AND METHODS
6.2.1 Pot Trials

The eight varieties tested were as follows:
Charnaanka &&(Vy), Isaanka (Vz),S5aturn (Vz), UNIIMK
8883 (Va), Smena (Vs), Cakinskij (Ve), Funtua
(Vz), Record (Ve).

The experiment was carried out for two years (1990
and 1991) and the design was a Randomized complete block
design with three replicates. The clay pots were filled
with heat sterilized soil. Before the seeds were planted,
thrash from infected sunflower plants were incorporated
superficially into the sterile soil to the depth of about
Scm as a source of initial inoculum. The seeds were
planted five to ten per pot and thinned to two two weeks
after seedling emergence. The disease severity score was

recorded at 30 days after germination and thereafter, once
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evary week. The disease assessment was based on a scale
of 1-10. Data yield and yield components were obtained

and analysed statistically.

6.2.2 Field Trials

The field trial was also carried out for two vyears,
i.e 1990 and 1921 growing seasons. The layout of the
field was a Randomized Complete Block Design with three
replicates. The method of inoculation was both by
artificial and by natural infection. Artificial infection
was attained by planting sunflower seeds by May. These
plants when infected served as initial inoculum and were
planted along the ridge and when fully infected were
incorporated into the soil along the ridges so that each
plot received equal treatment.

The eight varieties used were the same as in the pot
trial. The seeds were sown 2379 July at five seeds per
stand and seedlings reduced to two per stand two weeks
after seed germination. Method of disease severity score
was based on a scale of 1-10. Yield data were collected
in relation to plant height, head diameter, head weight,
sead weight per plant and per plot and weight of 1000
seads. The data ware analysed statistically wusing
Duncan’s Multiple Range Test or Least Significant

Difference.
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6.3 RESULTS AND DISCUSSION ( Gosz S92
et

The results (Tables 6.1 and 6.2) showed that in

6.3.1 Pot Trials

general all the eight varieties were susceptible based on
disease severity score. During the 1990 trial Cherneanka
had the lowest disease grade (3.32) followed by Isaanka
(3.95) but their differences were not statistically
significant from those of Record, Smena; VNIIMK and
Saturn. However, there was a significant difference from
those of Funtua and Cakinskij which had the highest s<core
but their differences were nol statistically significant
among themselves. From this result the most susceptible
was Funtua (5.68) followed by Cakinskij (4.89).

When the trial was repeated in 1991, it was found
that the result of the disease severity score followed the
same trend as in 1990. Funtua still had the highest
disease score with 5.07 and the differences were highly
significant when compared with the other 7 varieties,. The
least susceptible variety that year was Isaanka (2.98)
followed by Cherneanka (3.07).

When Lhe two years results were compared it was found
that Cherneanka was least susceptible and this was
followed by Isaanka (see apendix 16). Smena and VNIIMK
can be regarded as moderately susceptible others apart
from Funtua can be classified simply as susceptible while
Funtua can be regarded as very susceptible; based on the

two years pot trials, ,&}'-:""“"L”?\\



Sé

Table 6.1 Susceptibility of Sunflower varieties to bacterial

Variety

Cherneanka 66
Issanka

Saturn

Disease

Score

3.32¢
5. 95C

4.60b

VNIIMK 8883 4. 380

Smena
Cakinskij 268
Funtua
Record
LSD

(p=0.05)

Legend:

4.35b
4.89°b
5.682

4.00°b

1.145%

As in 4.1

Plant

Height

(m)

150

Head

Head

Diameter Weight

(em)  (a)

15.40 26.00d
16 .80 36 .00¢
16.20 40 .00b
16.00 48 _00a
15.60 323.00¢
16.00 39.00b
16.€0 35.70¢
17.00 48.004
N.S 1.335""

blight at Samaru during the pot trial in 1990.

Seaad
Weight

_(ag)

21.00¢
20.00¢
24 .00b¢
30.00b
27.200b
24.00b¢
21 .80¢

36.40a

6.639""

1000
Seed

Weight

50.70b
50.90b
52.00b
51.00b
52.37°b

50.90b
S50.94%b

60.332

393"



Table 6.2 Susceptibility of Sunflower varieties to bacterial

Pl

blight at Samard during the l‘??lﬁtr‘ial.

Variety Disease Plant Head Head Saed 1000
Score Height Diameter - Weight Weight Seed
{m) (cm) (Q) (q) Weight
Cherneanka 66 %.07¢ 1.3 15.4Qbcd 25,364 14.60¢% H1.7%
Issanka Z.98¢ 1.64 L7 .60 45.9838 25.404 58.004
Saturn X.5850 1.41 16, 60ab 33.60bc 16,800 46,20
VNTIMK 8883 3.32b 1.42 1%,8¢0be 33.27b¢c 17._20b 47 . 4¢
Smena 3. 27be 1.40 14.004d¢c 20 .84 19,967 42,20
Cakinskij 248 3.80b 1.33 14.80cde 26,704 11.944 40. 4C
Funtua 5.072 1.39 1X.60% 25.434 12.58d 40 .804
Raecord 3.65b .47 15.60bcd 35,090 24 .804 56.857
L3
(pz0,085)... 0,51 N..S 1.5 3.62% i.amt 3,00t

Legend:

Az in table 4.1




In relation to plant weight there was no significant
difference among the eight varieties for the two vyears
work. Although Record had the highest mean when the
results were combined, JTsaanka came second while the least
mean height was recorded by Funtua. The result of the
1990 trial showed that in relation to head diameter the
highest mean was by Record though the value was not
significantly different from the other 7 wvarieties.
During 1991 howaver, Isaanka had the highest head diameter
and the difference was statistically different from the
others except Saturn. The combined results for the two
years proved that Isaanka had the best performance in
terms of head diameter; the difference was also
statistically significant.

Variety Record had the highest head weight as shown
by the result of the analysis and this was not
significantly different from that of Isaanka and Saturn
but significant differences existed with the rest of the
varieties. When the grain yield in terms of seed weight
per plant was added together for the two years the results
showed that Record was the highest yielder while Saturn
and Isaanka came second and third respectively and the
means were statistically significant from that of other
varieties. The lowest yielder in this aspect was Funtua
followed by Cakinskij. The highest values in terms of
seed weight of 1000 seeds for the two years was also
Record followed by Isaanka which differred significantly

from the other varieties. Funtua had the least 1000 seed

weight.



trial

R

Plate }2

yeilllet 1 L)

fjurirs

]

while




60

6.3.2 Field Trials

The results of the field trials during the 1990 and
1991 wet seasons respectively are presented in Tables 6.3
and 6.4 respectively. In general all the varieties were
susceptible but Record was most susceptible with highest
disease grade of &.07 in 1990, the difference was
statistically significant when compared with other
varieties whose means were not different among themselves.
The least score was recorded with Cakinskij. On the
contrary during the 1991 trial, disease severilty score
values were significant among all the eight varieties.
The reasons for the variability in the disease severity
for the two years (field trials) are not known but it
could be attributed to the different weather conditions 1in
which the trials were conducted. A variety may respond Lo
disease differently at different weather. However, it is
important to note that the fairly consistent result in
relation to disease severity obtained with the pot
experiments for the two years would possibly be that the
trials were conducted in the same location for those two
years under the same weather conditions.

All the disease scores obtained in 1991 were
comparatively lower than those obtained in 1990. Saturn
had the least =core while the scores for Record and
Cakinski) 268 were not statistically different. The
remaining varieties were intermediate in reaction between

Saturn and Cakinskij 2é8.
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Table 6.3 Sussceptibility of Sunflower varieties to bacterial
blight at Samaru during the field trial in 1990.
Varisty Disease Head Plant Heaad Saed Wt/ Sesd wt/ 100G
Score Diameter Haeight Weight Plant Plot Sed .
{cm) {m) (9) (gl (92
Cherneanka 66 4.070 16.773 1.293 30,70  21.060 509 50. 34
Issanka 4. 320 17.13 1.303 31.60 22.7C 522 51.47
Saturn 4.27b 15.60 1.440 24.30 235.10 409 51. 3¢
VNIIMK 8883 4.05h 16.20 1.350 29.3¢ 27.10 403 5r.3
Smena 4.80b 16.87 1,317 32.30 25.50 543 51,25
Cakinskij 268 3.98b 16.47 1.433 24.00 20.90 435 6&1.2
Funtua 4.55b 17.13 1.337 I3.30 22.10 511 &1 .17
Record ©.07% 16.53 1,337 42.30 30.60 544 61,33
LSD
(£20.05) . 1.00. N.S N.S N.S NS N.S 1.3
Legend: Az in Table 4.1
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Table &.4 Susceptibility of Sunflower varieties to bacterial

blight at Samaru during the field trial in 1991.

Variety Dispase Head Plant Head Seed wt/ Sead wt/ 1000
: Bcore Diamater HMeight Weight Plant Plot Sead
' Cem) () {g) (&) (a)
1 Cherneanka 66  3.040b 16.40 1.438 38.720 71.00 541.208b 44 e
i Tesanka 3.21ab 14 .60 1.433 27 .50 85.60 601 .50a  47.,9(
Saturn 2.94¢% 15.13 1,350 26 .80 85.80 485,80t 43 40
| YNIIMK 8883 3.17b 15.80 1.310 32.00 76.90 515,500 46.5
Smena .12k 16,07 1.420 x2.20 B1.40 600,108 44 . 50
Cakinskij 268 3.50% 14.80 1.220 25.70 62.60 418.50¢ 44,
Funtua 3.294ab 15.80 1.470 335.90 833.90 612.908 47 .0
Racord 3.19ab 15.20 1.430 30.40 96.40 610,208 44 50
L3D
] # -
(R=0.05) Q.27 N.S NS N.S N.S 54,88 . N5

Lagend: As i Table 4.1




63

All the disease scores were comparatively lower than those
obtained in 1990. Saturn had the least score while the
scores for Redord and Cakinski) 268 were not statistically
different. The remaining varieties were intermediate in
reaction betwean Saturn and Cakinski]j 268.

In relation to head diameter the 1990 trials result
showed that there was no significant difference among the
eight varieties, but Isaanka and Funtua had the highest
head diameter with mean of 17.13cm while Saturn had the
least head diameter with 15.6cm. The 1991 trials result
showed that Funtua also had the highest head diameter
along with VNIIMK but their values were significantly
different from other varieties. Furthermore, during the
wet season of 1990, the result showed that both the mean
plant height and head weight wara npot statiscally
significant. Saturn had the highest plant height while
Cherneanka had the least. In terms of head weight, Record
scored the highest with 42.30g while Funtua followed
(33.30g); the least head weight was in Cakinskij with
24.00g (for the 1990 field trial). 1In the 1991 trial the
values of the mean plant heights and head weights were
also not significantly different. Funtua, however, had
the highest mean plant height while Cakinskij had the
least. In terms of head weight for the 1991 webt season,
Cherneanka had highest, Funtua followed while Cakinskij
also had the least head weight.

From the foregoing results it seems that the mean
plant height, head diameter and head weight were different

during the two years trials for the same varieties used;
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similar results were obtained by Ado (1992) while
assessing the agronomic performance of the eight sunflower
varieties. Thus disease severity seems not to have
significant effect on these parameters just analysed as
the varieties with least disease grade did not produce the
bast plant height, head diameter or head weight. Similar
observation were recorded for the pot trials.

In the two years trials, seed yield based on seed
weight per plant, seed weight per plot and weight of 1000
seeds per plot were also analysed statistically to
determine the overall effect of tha disease severity on
yields of the different varieties. For the 1990 trial,
cultivar Record had the highest yield in relation to seed
weight per plant though the mean was not statistically
different from other varieties VNIIMK followed while
Cakinskij scored the lowest yield per plant. For seed
weight per plot Record was also the highest yielder; its
mean was not significantly different from the rest of the
varieties. The least yielder in terms of seed per plot
was VNIIMK. During the same year (1990), the results of
1000 seed weight indicated that there was highly
significant difference among the eight varieties. vVariety
Cakinskij had the highest along with Record and Funtua.
The least weight in this aspect was with Cherneanka.

When the same yvield parameters were analysed in the
1991 trial the result in terms of seed weight per plant
indicated that Record had the highest, the mean not being
statistically different from the rest. The minimum seed

weight per plants was recorded by Charnsanka.
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The comparison of the seed yield per plot showed
Record, Funtua, Isaanka and Smena to have the highest
ranging from 600.10g-612.90g. The least vyielder was
Cakinskij (418.50g9). The result of 1000 seed weight
showed that Isaanka had the highest, Funtua followed while
the least weight of 1000 seeds was recorded by Saturn.

wWhen the two year= work was combined (see Appendix
17) Record was still the highest vyielder; this was
followed by Funtua. The least yielder for the two years
was Cakinskij.

From the results of the two years obtained both for
pot and field trials there seamed to be no correlation
betweeen disease severity and yield as Record which was
most susceptible (with high disease severity) had the
higheat yield in terms of seed weight, the observation was
also true of Funtua variety. Yield performance therefore
could be controlled by several factors such as the nature
or agronomic qualities of the variety, the environmental
conditions, soil type, nutritional status and level of
disease toflerance of the variety. A plant variaty may be
susceptible to a disease and still be a high'yiélder while
on the other hand a plant may be less susceptible or
moderately resistant and low yielding. The pot and field
trials both showed that Record is the highest yielding

variety, though susceptible.
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7 IDENTIFICATION OF THE CAUSAL ORGANISM OF STEM CANKER
OF SUNFLOWER

7.1 Introduction

It has also been ob=served that along with bacterial
blight disease is a stem canker which in iteelf may also
lead to a reduction in vield. The causal orgapism 1is
hithaerto unknown and in this investigation, an attempt was

made to isolate and identify Lhe causal agent.

Materials and Methods

Areas with canker symptoms on stems and capitullum
from the field were collectaed during the wet seasons of
1990 and 1991. The method used in isolating the pathogen
from the diseased stem is the standard bacteriological
technique of dilution plating (Bradbury, 1970). This
involved cutting out a small piece of the diseased stem
from the advancing margin of the lesion with a sterile
scapel. This was followed by washing of the tissue in  two
exchanges of sterile water. The infected pieces were
teased apart with sterile needles and allowed to stay for
20-30 minutes in a drop of sterile water. This enabled
the release of bacterial cells out of the tissue.

The suspension was streaked on sucrose peptone agar
and Pseudomonas-F-agar (Kings medium B). This was then
incubated at 27°oC for 24 hours. A preliminary investi-
gation into the identity of the pathogen was based on
biochemical and cultural tests as outlined in Schaad
(1980). Pathogenicity test was also conducted using young

saedlings.
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Howaver, final confirmation of the identity of the
pathogen was based on Koch's postulate by inoculating
young sunflowsr seedlings (3-4 weeks old) with the
pathogen isolated from infected stems from the field. The
plants were assessed for typical canker symptoms and the
pathogen re-isolated and cultured on the appropriate
medium. The bacterial growth was compared with the one
from the field, and the bacterium from the final culture
used again to inoculate young seedlings in the laboratory
to see if that would lead to the canker symptoms. In
addition to the above the culture of the isolate was sent

to IMI Kew, London for identification.

7.3 RESULTS AND DISCUSSION

From the microscopic observation it was found that
the bacterium consistently isolated from the affected
tissues (stem and capitullum) resembled that isolated from
tissue affected by bacterial blight. The bacterium formed
large white glistering colonies on sucrose peptone agar
and a water soluble, green flourescent pigment oan
Pseudomonas F agar (King’s medium B). This was similar to
the cultural characteristics of the pathogen associated
with bacterial blight. The result of the biochemical test
further showed Lhat the pathogen that induces stem canker
of sunflower 1is a gram-negative and oxidase negative
bacterium and has the ability to liberate acid from
various carbon sources. This result is also similar to
those obtained earlier with the pathogen from bacterial

blight of sunflower.
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when the pathogenicity test was conducted by
inoculating the pathogen into stems and leaves, symptoms
typical of stem canker and leaf blight were obtained. By
two weeks after inoculation some of the seedlings lodged
or broke from the base or along the stem due to the
severity of the disease (Plate W4 ).

The re-isolated pathogen induced similar canker
symptoms when used to re-inoculate young seedlings.
Further proof of the identity of the pathogen was based on
the identification made by IMI  London, (IMI  number
350926). Tharefore the pathogen that induces stem canker
is Pseudomonas syringae pv. helianthi the =ame pathogen as
the one that induces bacterial blight of sunflowar
(Kawamura, 1934, Hellmers, 195%; Duran and Sorbrino,

1987).
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SUMMARY AND CONCLUSIONS

The identity, characteristics and taxonomic position
of the causal organism of bacterial blight of sunflower in
Nigeria were studied. It was shown that the causal agent
of the disease is Pseudomonas syringae pv. helianthi.
The seed-borne nature of the pathogen was also studied and
it was found that the pathogen is seed borne. This agrees
with reports from other countries (Styer g M;q, 1983;
Piening, 1976).

In order to determine the effect of various sowing
dates on the severity of the di=ease so as to determine
how to manage the disease by sowing at a particular
date(s), two years trials were conducted in 1990 and 1991
wet seasons, both in pots and in the field. Sowing the
seads in June or in August reduced plant growth and yield,
while plants sown in July grew well and although they had
higher disease severity, this did not adversely affect the
growth and grain yield significantly. Plants raised in
July consistently had the best growth and grain yield.

Four bactericides namely, Busan, Bronocot,
Streptomycin and Terrachlor were Lested for their efficacy
in the control of bacterial blight in pots. Busan and
Bronocot effectively reduced the disease. Considering the
health hazard posed by dust formulation, Busan (an

emusifiable concentrate) was preferred Lo Bronocot.

Seven seed dressing chemicals were evaluated in  Lhe
field for their effectiveness in reducing the severiLy of
bacterial blight. Of these only thiee nawely, Mancocsal,

Terrachlor and Bronocot were ef fecllve ir raeducing Lhe



disease with sigpificant incresase in grain yield.

In 1991 wel season, four feliar spray chemicals:
Rovral 1.9., Copper oxychloride, Fungaron and Terrachlol
Were furthe: acsesaed  For thei efficacy T b1 ight
control in the field The resullt of dJdiscase severiiy
ascore showed Lthat Copper ox<xychloride and Fungaron were
significantly better than Rovral T.85. and Tervachlor. The
failure of Terrachlon to ceprve as  an effective foliar

pray  Suguos! that it is more suitable as seed dressing

chemicale where it proved to be effective.

Tn a varietal trial conducted for the two yeare (1990
and 1991) eight sunflower cultivars were screened for
resistance to bacterial blight in pots and in the field
both by artificial and natural inoculations. Although all
the varieties wera susceptible, differences and
variability in susceptibility existed. Because of the
comparatively high yields of Record and Funtua despite the
high disease scores, they can he regarded as tolerant to
vacterial blight, while Cakinskij was very susceptible and
very low vielding; others were intermediate. From the
investigations it was found that there was no definite
correlation between disease severity and plant growth or
yield.

The identity of the causal organism of the stem
canker was also investigated, and it was found that the
pathogen inducing the stem canker was the same one causing
bacterial blight of sunflower. Through microscopic,
cultural, biochemical and pathogenicity tests the organism

was confirmed to be Pseudomonas syringae pv.helianthi.
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