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Abstract

Abstract

The purpose of this study was to develop a system for identifying sunflower germplasm
with resistance to Alternaria blight, which is caused by the necrotrophic fungus,
Alternaria helianthi. Field and greenhouse screening procedures were studied, so that a
complementary system could be developed. Components of resistance measured in the

greenhouse were tested for their correlation with epidemic parameters obtained from field

experiments.

The following procedures are recommended to screen sunflower lines for their resistance
to alternaria blight under greenhouse conditions. The first or second pair of leaves of
scedling plants at the V8 growth stage were inoculated using inoculum grown on
sunflower leaf extract agar for 5-10 days. Approximately 30 spores were applied to each
lcaf. Inoculated plants were misted and subjected to a dew period of 48h inside a sealed
plastic tent. A dew period temperature of 26/26°C night/day and a post-dew period
temperature similar to the average temperature experienced under local growing
conditions should be applied. All lesions were measured 7 days after inoculation and
lesion size (area mm®) was calculated. The lesion size of lines being tested was expressed
as a proportion of the mean lesion size of a susceptible standard included in each
screening experiment. The susceptible line B89 was used as a standard line in all the
screening experiments described in this study. Infection frequency of each line was
expressed as a proportion of the infection frequency of the susceptible standard and was

used in conjunction with mean lesion size 0 assess lines for resistance.

Bacteria found contaminating cultures of A. helianthi inhibited the germination of
conidia, sporulation of cultures and the growth of germ-tubes and mycelium. Germ-tube
swelling causing vesicle formation, excessive germ-tube branching and lysis of germ-

tubes, were observed in biosaays using bacterial isolates obtained from healthy and
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diseased sunflower leaves. Some bacteria appeared to be endoparasitic, persisting inside
the lumina of conidia and causing erosion of the conidium wall which resulted in the
destruction of conidial cells. The decrease in germination and infectivity of ageing
conidia and the attenuation of ageing cultures of 4. helianthi was attributed to the

presence of antagonistic bacteria.

Sources of resistance to A. helianthi were not available at the time this research began.
Therefore, locally developed inbred restorer lines (F,) were accessed from a public
breeding program and screened for resistance to 4. helianthi in the field using a generated
epidemic. Of the 37 lines evaluated, 32 1ad less disease than the susceptible line B89.
Twelve lines had approximately half the amount of disease of B89 and 7 lines had less
than one third of the disease found on B89. Variation for disease reaction within lines
was high. Although no lines were immune, plants with very low levels of disease were
observed in many of the lines. Single plant selections were selfed. Selections from
eighteen lines (P, —-P,;) were used in field and greenhouse experiments to evaluate
methods of differentiating resistance. These lines were selected because they expressed

disease reactions that ranged from highly resistant to susceptible.

Epidemic development was examined in a subset of ten lines (P, —P,,) using an artificially
generated epidemic of A. helianthi that was replicated at two field sites. Experiments
were designed to study epidemic development from a line source in plots surrounded by a
buffer of forage sorghum that was included to reduce interplot interference. The
epidemics that developed in each line were characterised by calculating parameters that
described disease spread in either space or time or both space and time. Parameters were
evaluated primarily for their usefulness in differentiating quantitative resistance (QR),
however they were also examined to detect aspects of epidemic development which may
help further in the characterisation of QR or be useful for future decisions of experimental
design and disease assessment methods. isease severity ratings (DSRs), area under the
disease progress curves (audpcs) and vo umes beneath the plot of disease progress in

space and time (GVs) were good indicators of QR, while apparent infection rates (r),
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disease gradients (b) and velocities of spread (v) were limited in their ability to
differentiate QR. Three- dimensional surface plots of disease progress in both space and
time allowed epidemic parameters to be viewed simultaneously. Inferences about the

interrelationships between epidemic parameters could be drawn from these surface plots.

Allen (1981) proposed that anthesis was the critical point for disease assessment. In a
breeding program, this would mean that large numbers of plants would need to have their
flowers covered to prevent outcrossing prior to selection. This imposes constraints on
time and labour. In this study, the DSRs taken prior to flowering were found to be well
correlated with DSRs taken at flowering and post-flowering. Therefore, selection could
be carried out prior to flowering and only resistant plants covered to allow controlled

pollination. Thus, much time and effort was saved.

Disease assessment in a mature sunflower crop is an arduous task, particularly if the
lowest leaves are used for assessment. If disease levels in the upper parts of plants could
be used for disease assessment, then disease assessment could be made easier. However,
the DSRs obtained for leaves in the middle and upper plant positions were poorly
correlated with the DSRs of lower leaves and therefore could not be used for evaluating

resistance.

Ten selected restorer lines (R-lines) were test-crossed with A89 (A-line) to produce F,
hybrids that were evaluated in the field for resistance to 4. helianthi. Two of the ten R-
lines were selected for further evaluation based on the performance of these hybrids. Five
commercial A-lines and the public line A89 were crossed with two restorer lines (R, and
R,), to produce twelve F, hybrids. These hybrids, their parental lines and three
commercial hybrids were exposed to generated epidemics of A. helianthi at two field
sites. Area under the disease progress curves (audpcs) were calculated for each line, from
disease severity ratings (DSRs) taken from budding to late flowering. The commercial
A-lines were as susceptible to A. helianthi as the susceptible line A89. R, and R, had high

levels of resistance. Generally, the F, hybrids had much smaller audpcs than their
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midparent estimates, indicating a high degree of dominance for genes controlling
resistance in the resistant parents R, and R,. Overall, the F, hybrids had the same

resistance to A. helianthi as the commercial hybrids.

Eighteen sunflower lines (P,—P,;) were iroculated with conidia of Alternaria helianthi
under controlled conditions and components of QR, (spore production, incubation period,
infection frequency and mean lesion size) were measured. The disease severity ratings
(DSRs) of lines P, P, were measured in the field in 1994 and 1995, using a generated
epidemic. The DSRs of the lines varied from highly susceptible to highly resistant.
Spearman’s ranking of the DSRs was highly correlated (R = 0.9) for both years. The
rankings of lines by components of QR measured under controlled conditions were
poorly correlated with the rankings of lines by DSRs. However, the linear regression of
components with DRSs showed that mean lesion size was highly correlated (R = 0.74)
and infection frequency was moderately correlated (R = 0.58) with the DSRs observed
over the two years. Infection frequency was also well correlated (R = 0.75) with mean
lesion size. Spore production and incutation period were poorly correlated with the
DSRs for both years. An index based on iafection frequency and mean lesion size gave a
better correlation with the DSRs determined in 1995 than either component alone.
However, in 1994 the index was not as well correlated with the DSRs as mean lesion size

alone.

Mean lesion size and infection frequency were determined under controlled conditions,
for twenty-three sunflower lines. comprising six parental lines and their F, hybrids and
three commercial cultivars. The area uncer the disease progress curves (audpcs) of the
same lines were previously determined at two field sites (Chapter 6). Both Spearman’s
ranking and linear regression analysis showed that on average, mean lesion size was
highly correlated and infection frequency was moderately correlated with the audpc.

There was also a high correlation for the audpcs between field sites.
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It is recommended that mean lesion size, determined from seedling plants 7-9 days after
inoculation could be used to select for resistance to A.helianthi in the greenhouse.
Infection frequency could also be used as a predictor of resistance, but only in
conjunction with mean lesion size. In the field, disease severity ratings (DSRs), area
under the disease progress curves (audpcs) or volumes (GVs) below the surface plot of

disease progress in space and time, can be used to evaluate resistance to 4. helianthi .
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