











































































































































































































Plate 6

Greenhouse Point Inoculations (toothpick)

Drechslera 1

Lesion type 3.0: flag leaf sheath

Drechslera 1

Lesion type 3.0: inflorescence sheath

(same plant as in Plate 6#1).

Drechslera bicolor

Lesion type 3.0: inflorescence stalk and
male flowers

Drechslera bicolor

Lesion type 3.0: base of culm
(same plant as in Plate 6#3).

Drechslera 1

Lesion type 3.0: inflorescence stalk with
browned and "adhering" male
flowers

Drechslera 1

Lesion type 3.0: inflorescence tip

(continuation of Plate 6§#5).

Drechslera 5L

Lesion type 3.0: point of inoculation

Drechslera 6C

Lesion type 3.0: mid culm region
Plant showing leaf and partial culm desiccation.

Drechslera 6C

Lesion type 3.0

Damaged inflorescence {(note browned female

flowers).
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2. THE INFLUENCE OF TREATMENT ON SELED YIELD

Spray Inoculations

The mean seed yields of spray inoculated plants are
shown in Fig. 3.9 together with the lesion index values.
Three isolates reduced the yield of wild rice at the

5 per cent level of significance. These were D. bicolor,

Drechslera 5I. and Fusarium 4 (the latter inoculated with-

out humidification). D. bicolor reduced the yield most

drastically to the exténf of over 70 per cent with an

F ratio of 14.17, Drechslera 5L and Fusarium 4 resulted

in more or less comparable losses of between 50 and
60 per cent. Their F ratios were also similar at about

7.50. The loss in yield from Drechslera 6C was significant

only at the 10 per cent level. Although other isolates
did not reduce yield sufficiently to be significant even

at the 10 per cent level they were not entirely without

effect upon yield, which they reduced in the range of

15 to 45 per cent.

'The F ratios of these data are provided in Fig. 3.10.




FIG. 3'9

The seed yields and lesion indices of wild rice plants
inoculated with various fungal isolates under greenhouse
conditions. Unhatched histograms and open circles represent
controls. Bars represent standard deviations of the means.

Circles represent lesion indices (final).

SPRAY INOCULATIONS

1. Drechslera bicolor
2. Drechslera 1

3. Drechslera 5L

4, Drechslera 6C
5
6

. Fusarium 4

. TFusarium 4 (without initial humidification)
7. PFusarium 1 (without initial humidification)
8. Entyloma lineatum
9. Control
10, Control

POINT INOCULATIONS: toothpicks

11. Drechslera bicolor

12. Drechslera 1

13. Drechslera 5L

14. Drechslera 6C

15. Entyloma lineatum (hypodermic syringe)
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FIG. 3.10
P
The variance (F ratios), relative to the controls, of the
seed yields and lesion indices of wild rice plants inoculated
with various fungal isolates under greenhouse conditions
(Cf: Fig. 3.9). The broken lineé represent specific

significance levels. (Degrees of Freedom, n, = 1; n, = 6).

SPRAY INOCULATIONS

Drechslera bicolor

Drechslera 1

Drechslera 5L

Drechslera 6C

Fusarium 4

Fusarium 4 (without initial humidification)
Fusarium 1 (without initial humidification)
Entyloma lineatum

O~ Ul W N+~
.

POINT INOCULATIONS: toothpicks

9. Drechslera bicclor

10. Drechslera 1

11. Drechslera 5L

12. Drechslera 6C

13. Entyloma lineatum (hypodermic syringe)
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Point Inoculations

Toothpick

Only two of the isolates tested significantly reduced

the yield at the 5 per cent level. These were Drechslera 1

and Drechslera 6C, which caused losses of approximately

70 and 50 per cent, respectively. Neither of these isolates
had produced a significant loss in yield by the spray

inoculation method. D. bicolor caused a loss greater than

40 per cent but this was only significant at the 20 per cent

level (Fig. 3.10).

Hypodermic Syringe

This method of inoculation only involved E. lineatum.

Injecting the inflorescence stalks of previously spray-

inoculated plants only resulted in approximately 8 per cent

reduction in yield relative to the infected (and previouély

sprayed) controls; a non-significant loss in yield.
3. CORRELATION BETWEEN LESION INDEX AND SEED YIELD

Fig. 3.11 represents a linear regression plot of lesion
index vs. seed yield data. The zero order correlation co-
efficient is 0.88732 which is significant at the 0.1 per cent

significance level: a very positive correlation. .



FIG. 3.11

The correlation (and linear regression analysis) between seed
yield and the final lesion indices of greenhouse spray-
inoculated wild rice plants. Bars represent standard devia-
tions of the means.

Slope of Regression Line -10.61257
Intercept on y ©14.40690
Zero Order Correlation Coefficient 0.88732

S v.x, Standard Error of Estimate (biased) 1.41209

Drechslera bicolor

Drechslera 1

Drechslera 5L

Drechslera 6C ‘

Fusarium 1 (without initial humidification)
Fusarium 4 (without initial humidification)
Fusarium 4

Entyloma lineatum

Control (pooled data)

LCoOoJaUTdbd WN -
L]
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EXPERIMENT IV

POINT INOCULATIONS BY HYPODERMIC SYRINGE

To help clarify the behaviour of each isolate used in

Experiment IIT with respec£ to foliar of culm tissue, the
»»»»» fungi were further tested by point inoculation (hypodermic
syringe). In order to avoid repetition, the discussion of

Experiment III is deferred until after the presentation of

data relating to Experiment IV (p.149).

MATERIALS AND METHODS

Wild rice of the 'Algot Johnson' seed source was
germinated in May 1972 and the resulting seedlings grown to
the early aerial leaf stage in bulk in sterilised soil.

A 10 cm layer of Sphagnum peat was placed in a large experi-

mental tank (7 X 1.5 m) and flooded to a depth of 10 cm.
This was divided by string into 4 blocks each of which
contained 9 randomised plots (7 treatments plus 2 controls).

Uniform, vigorous plants in the early aerial leaf stage,

were transplanted into the experimental tank, 21 per plot.
Because of the open soil and peat media, transplantation
shock and root damage were minimal. Inoculation was carried
out 2 weeks after transplanting by which time original

vigour was completely restored.
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With the exception of E. lineatum for which fresh

inoculum was prepared, the inocula consisted of the spore
suspensions prepared for the second inoculations of
Experiment III. These had been stored at 2°C for 11 to

17 days. Drechslera 1, 5L and 6C maintained their high

germinabilities even following cold storage, though

germinabilities of D. bicolor and the Fusarium spp. were

reduced as indicated in Table 8, p.138.

Half (0.5) ml inoculum was injected into the basal
culm region of each plant, just above the water level. A
hypodermic syringe was used for this as well as the control
inoculations of sterile distilled water. Inoculations

commenced May 11 and were completed in four days on May 15.

After the inoculations had been completed, the plants
began to show some nutrient deficiency. One hundred gm

ammonium nitrate phosphate fertilizer (25.25.0) was added

to the tank (equivalent to 112 kg/hectare). In less than
a week a marked response to the fertilizer was evident;
the plants looked considerably greener and new leaves were

being produced.

RESULTS

In conformity with the system adopted for Experiment III,

data are presented under the main headings of Symptom
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Table 8

The spore germinabilities of isolates used
for point inoculation in Expt. IV

STORAGE GERMINABILITY

(days) N

aT 2°C ®
DRECHSLERA BICOLOR 17 8.16
DRECHSLERA 1 16 94.38
DRECHSLERA 5L 16 87.26
DRECHSLERA 6C 16 96.80
FUSARIUM 1 11 36.53

FUSARIUM 4 13 15.45
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Dévelopment and the Influence of Treatment on Seed Yield.
Symptom development following each treatment is described
in the form of brief notes. Seed yields are recorded in
Fig. 3.12 (dry weights per plant) and variance ratios of

the yields in Fig. 3.13. (pp. 146 and 148, respectively).
1. SYMPTOM DEVELOPMENT

1. Control: Uninoculated

The plants were normal and healthy without any disease

symptoms.

2. Control: 0.5 ml sterile distilled water

The plants wefe generally free of lesions. In many
cases it was difficult to find the point of injection and
damage was almost imperceptible. A few plants showed slight
browning at the point of inoculation but this did not spread.
Holes with white margins were apparent in some expanded
leaves. These were caused by the needle at the time of in-

oculation when these leaves were still within the culm.

3. Drechsléra bicolor

In 48 hours, local browning was evident at the point of

inoculation. Upward spread of the infection occurred within



7 days. By 11 days, some plants in each replicate were
seen to have lodged over at the stem base more or less
coincident with the point of inoculation. This was also
accompanied by evidence of more distal infection in the
form of a browning and drying up of the emerging inflores-

cence which resulted in non-functional female flowers.

4. Drechslera 1

Within 48 hours, spreading lesions had begun to
develop from the point of inoculation and in 7-11 days,

lodging of plants occurred as with D. bicolor. Some plants

were almost entirely brown and emerging male and female
flowers were withered. In one replicate, complete plants
appeared to be dying but began to recover between 11 and 12

days after inoculation when some new shoots were produced.

5. Drechslera 5L

Lesion development was similar to that noted with

Drechslera 1. Some browning occurred but this was less

frequently in the inflorescence tip region. Rejuvenation
by the production of new shoots was moderately vigorous

in one replicate.
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6. Drechslera 6C

Culm lesions were more localised and darker than those
caused by the other Drechslera isolates; in other respects

symptoms were similar. Internal culm damage was as great

and reproductive organs were similarly browned while still

within the culm.

7. Fusarium 1

Symptoms produced by this isolate and Fusarium 4 were

qualitatively similar to those of the Drechslera isolates,
but much more severe. In four days, many plants appeared
to be dying because of the extensive development of culm
lesions and the desiccation of all larger leaves. After
nine days some of the most vigorous plants which were about
to flower were also completely withered and lodgeg.

Longitudinal brown lesions seen in mid-rib regions were

most likely the result of spread of the inoculum within the

internal spaces at the time of inoculation. In 10 days
distinct white and pink areas of sporulating mycelium
appeared on moribund tissue browned by spreading lesions.

Such areas of sporulation occurred on both dead and surviving

plants and Were more or less confined to the lower culm

area close to the water line.
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8. Fusarium 4

The symptoms described above for Fusarium 1 were

incited by. this isolate with even greater severity. 1In
seven days a complete lodging of formerly vigorous plants
occurred. Many others were more or less totally withered,
but had not as yet died. In two plants the damage was
confined to the main axis including the inflorescence
stalk, while the surrounding sheaths remained green.
Central browning of some large leaves was also observed.

As in the case of Fusarium 1, sporulation occurred on

moribund and dead tissues close to the water level. 1In
this case it was detected slightly earlier at approximately

8 days from the time of inoculation.

9. Entyloma lineatum

No leaf or stem symptoms were found up to 11 days after
inoculation although most plants showed a very localised
browning not more than 1.5~2.0 mm in diameter at the point
of inoculation. This was also noted in control plants.
Slight browning also occurred in some plants around the
holes formed in the developing leaves as a consequence of
puncture by the needle of the syringe at the time of inocula-

tion.
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By 18 days from inoculation, sori were observed to be
almost mature in all four replicates on from two to four
plants in each. They occurred on the inflorescence stalks,
generally between the flag leaf and the male flowers, but
in some cases extending well into the upper head region
within the area of the developing kernels. A black flecking
of the male flowers was noted, giving a ‘smutty' appearance
to the glumes. Some heads affected in this way showed
subnormal male flower development. Table 9, p. 144, shows
that over 20 per cent of the plants in each replicate
developed smut symptoms in the form of sori or the black

flecking of the male glumes.
2. THE INFLUENCE OF TREATMENT ON SEED YIELD

Fusarium 1 and Fusarium 4 reduced the seed yield by

over 95 and 90 per cent, respectively (Fig. 3.12 and 3.13).
The early death of 74 per cent of the plants in each case
accounted for much of this loss and meant that seed could

only be collected from the few plants which remained.

The three Drechslera isolates also greatly reduced

the yield, especially Drechslera 1. The losses in yield

were between 75 and 86 per cent, and the number of plants
killed by infection, between 56.5 and 68.2 per cent.

D. bicolor also resulted in a significant loss in yield

but it was considerably less, at 42 per cent, killing
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Table 9

THE INCIDENCE OF INFECTION
FROM INOCULATIONS OF E. LINEATUM

Expt. IV
a MEAN NO. OF MEAN NO. OF MEAN PERCENT
| LA N
| IgggZTM§;$ PLANTS WITH PLANTS WITHOUT INFECTION*/
| INFECTION¥* INFECTION* REPLICATE
INJECT 0.5 ML
INOC. INTO BASE 5.0 17.0 22.7

OF CULM

* Infection in this instance (leaf lesions were absent)
refers to the presence of sori and/or flecking of the
flower parts.




FIG. 3.12

The seed yields of wild rice plants point-inoculated

(hypodermic syringe) with various fungal isolates under greenhouse

conditions.

Unhatched histograms represent controls.

represent standard deviations of the means.

Drechslera bicolor

Drechslera 1

Drechslera 5L

Drechslera 6C

Fusarium 1

Fusarium 4

Entyloma lineatum

Control (inject sterile distilled water)

Control (untreated)

Bars
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FIG. 3.12
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FIG. 3.13

The variance (F ratios),relative to the controls, of the seed
yields of wild rice plants point-inoculated by hypodermic
syringe with various fungal isolates under greenhouse conditions
(Cf: Fig. 3.12). The broken lines represent specific signifi-
cance levels (Degrees of Freedom n, = 1; n, = 6).

1 2

1. Drechslera bicolor

2. Drechslera 1

3. Drechslera 5L

4. Drechslera 6C

5. Fusarium 1

6. Fusarium 4

7. Entyloma lineatum
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FIG. 3.13
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30.9 per cent of the plants.

The reductions in yield due to Drechslera 1, 5L and

6C and Fusarium 1 and 4 were so great as to be significant

at the 1 per cent level with F ratios between 19.0 and

34.0 (Fig. 3.13). D. bicolor had an F ratio of 6.2 which

was only just significant at 5 per cent. E. lineatum was

the only isolate tested which failed to cause a significant

loss in yield.

DISCUSSION

In Experiments III and IV, a variety of inoculation
techniques led to findings which suggested that there were
several distinct types of pathogens involved. These results
are discussed in fhe light of overall, as well as specific,

experimental methods used.

The results suggested a differentiation between foliar
pathogens, generally more successful by spray inoculation

(Drechslera bicolor, Drechslera 5L and Fusarium 4) and

culm pathogens which were more successful when introduced

into the host by point inoculation (Drechslera 1 and

Drechslera 6C). Evidence for this may be seen in Fig. 3.14

where the per cent significant losses in yield incurred by

spray inoculation of D. bicolor, Drechslera 5L and
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Fusarium 4, compare closely‘with the per cent significant

losses in yield incurred by point inoculation (toothpick)

of Drechslera 1 and Drechslera 6C.

The distinction between foliar and culm pathogens was
masked in Experiment IV as overall infection was too
severe owing to factors which rendered the plants more
susceptible. However, the total pattern of results suggest-
ed that there were etiological dissimilarities between
isolates which were related to the conditions presented
them at the time of infection, in particular the occurrence
of mechanical injury (toothpick and hypodermic syringe) or

not (spray).

Although fungal infection of uninjured tissues may
often induce initial responses and metabolic alterations
qualitatively similar to mechanical injury (Uritani, 1971)
one may expect at least quantitative differences when a
pathogen is inoculated in a way that causes concurrent
mechanical damage. The presence of a continuing stimulus
(the pathogen) may be expected to initiate secondary
responses at a later stage regardless of the initial con-

ditions of infection.

The response of injured tissues to a single arti-
ficial and mechanical stimulus was represented by the con-

trols for the inoculations by toothpick and hypodermic



FIG. 3.14

The percentage seed yields of wild rice plants inoculated
with various fungal isolates under greenhouse conditions.

O~ UT > WIN =
L] ° .

S
N O W
. L] . ®

13.

14.
15.
16.
17.
18.
19.
20.

Drechslera bicolor
Drechslera 1

Drechslera 5L
Drechslera 6C
Fusarium 4

Fusarium 4 (without initial humidification)
Fusarium 1 (without initial humidification)

Entyloma lineatum

Drechslera bicolor

Drechslera 1

Drechslera 5L

Drechslera 6C

Entyloma lineatum

Drechslera bicolor

Drechslera 1

Drechslera 5L

Drechslera 6C
Fusarium 1

Fusarium 4

Entyloma lineatum




152

FIG. 3.14
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syringe. Similarly, normal healthy plants were represented
by totally uninjured controls in both spray and point in-

oculations (hypodermic syringe).

The determination of the lesion index (in correlation

with seed yield) was a key factor for assessing disease
following spray inoculation (p.133). For point inoculations,
yield determination alone was used to assess disease as leaf

lesions were of little or no significance.

1. INFECTION OF UNINJURED TISSUES

(Spray Inoculations)

The lesion index curve provided a good indication of

the progress of lesion development following spray inocula-

tion. Lesion development can be divided into a lag phase
(up to the 11th to 16th hour from inoculation), an

exponential phase (up to the 24th to 34th hour) and a

plateau where lesion development is more or less complete

(van der Plank, 1963). The precise length of the lag and

exponential phases varied with each isolate (Fig. 3.1-3.8

and Fig. 3.15).

Strong lesion development (a high final lesion index,
Fig. 3.9) was associated with some significant reductions
in yield. The isolate producing the highest lesion index,

D. bicolor, resulted in the greatest loss in yield. This




relationship between lesion index and yield is borne out
by their correlation coefficient, significant at 1 per cent
(Fig. 3.11), and suggests that the photosynthetic area was

a major factor in reducing yield.

However, such a correlation was not found in all cases.

Fusarium 1, spray inoculated without initial humidification,

had a lesion index comparable to the Drechslera group but
without a significant loss in yield. Nor did the comparably
high final lesion indices within the Drechslera group result
in equal reductions in yield; the losses varied individually
(Fig. 3.9). Apparently other factors related directly or
indirectly to chlorophyll loss were also operative in

lowering the yield (p. 160).
Primary Responses

Numerous initial metabolic changes,‘thbught to

generally parallel responses to pathogenic infection, have

been recorded in plant tissues in response to mechanical
injury by cutting (single stimulus) (Uritani, 1971). Many
of these were recorded after 12 to 24 hours. It is

probable that changes in infected wild rice occurred at

a similar stage in accordance with the development of
'first instance' lesions indicated by the lesion index

curves (Fig. 3.1-3.8).
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The moderately large standard deviations in the lesion

indices for Drechslera 5L (Fig. 3.3) were likely caused by

different levels of resistance which were controlled by
dissimilar rates of abnormal metabolite synthesis. It is
the rate of protein synthesis related to 'abnormal meta-
bolism' which distinguishes resistant and susceptible plants.
The degree of defence acﬁién is sometimés in parallel to

the amount of abnormal metabolites produced (Cruikshank,

1963; Kuc, 1964; Uritani, 1961 and 1971}).

The types of lesions as well as their extent may have

been determined by these metabolic phenomena. It was
j ' noticeable that lesion types 1.0 and 4.0 (localised shot-
| hole and localised brown spot) were usually confined to
plants which exhibited fewer of the spreading lesions.
Localised lesions were indicative of a certain degree of
successful defence action by relatively resistant plants.
The spreading lesions, however, led to plant deterioration

(see secondary responses) in relatively susceptible plants.

Where both lesion types occurred on the same plant, deter-
ioration resulted when the pathogen overcame the plant's

initial resistance (e.g. D. bicolor). ‘

Drechslera 1, which failed to significantly reduce

the yield by greenhouse and field spray inoculations, is
perhaps a weak facultative saprophyte. Its higher

exponential rate of lesion development in the first



FIG. 3.15

The exponential rates of lesion development for various
pathogens (Cf: Fig. 3.1-3.8). Figures given represent the
slopes of the lines. Thick lines represent first, and thin

lines second inoculations, respectively.

1. Drechslera bicolor

2. Drechslera 1

3. Drechslera 5L

4., Drechslera 6C

5. Fusarium 4

6. Fusarium 4 (without initial humidification)

7. PFusarium 1 (without initial humidification)

8. Entyloma lineatum
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inoculation (Fig. 3.15) may be indicative of enzyme build-
up (somewhat typical of facultative saprophytes) to a
threshold (Uritani, 1971) following which symptom develop-

ment was rapid but not severe.

D. bicolor, which so vigorously infected wild rice,

may have acted as a facultative parasite produéing abundant
cell wall penetrating enzymes fast, or alternatively,
infecting with the aid of a few very specific enzymes or
with the aid of some other factor(s). Facultative parasites
often produce some enzymes that decompose several cell wall
and membrane constituents such as cellulose, pectin
(Albersheim, 1969; Liese, 1970) and phospholipid (Lumsden,
1968). These are enough to penetrate, but are not furnished
in so large a measure as in some facultative saprophytes

{Uritani, 1971).

Obligate parasites, such as Entyloma lineatum, may not

produce such penetrating enzymes, because of maintenance

of an equilibrium between the pathogen and the plant. 1In
the case of obligate parasites that maintain a fine balance
with host plants, the injury to adjacent nohinfected tissues
is not severe, compared to cut injury or penetration of

facultative.parasites (Uritani, 1971).



Secondary Responses

Following the primary response (usually after 1 day),
a secondary response is revealed in both infected and
adjacent noninfected tissues which suffer continuous
stimulation attributable to pathogenic peﬁetration. That
is, the secondary response is related to increase in the
mass of the pathogen and to continuous interaction of plant
cytoplasmic macromolecule-parasite macromolecule or plant
cytoplasmic macromolecule-parasite secretion. Some
stimulating agents (e.g. ethylene) for the secondary
response may be formed in the pathogen-containing living

cells by host-parasite interactions (Uritani, 1971).

The lesion index curve for the first inoculation of

D. bicolor indicated that lesion development temporarily

slowed down at 24 hours (Fig. 3.1). This may be related
to the time-course curve for the transition from primary to
secondary activities which is rather biphasic showing a

shoulder at about 1 day (Uritani, 1971).

For the other isolates of Drechslera, lesion develop-

ment was largely complete in 24 hours, indicating that it

was mainly a primary response. Fusarium 1 and 4, on the

other hand, showed considerable lesion development after
24 hours (secondary response). This was particularly

noticeable for Fusarium 1 (Fig. 3.5). E. lineatum showed
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virtually no lesion development after 24 hours though sori
appeared in 18 to 22 days. This fungus caused little or
no damage to the plant and may have elicited only limited

primary responses specific to obligate parasitism.

The similar high lesion indices incited by Drechslera

isolates may have resulted from the indﬁction of equal

:fq{fj complements of polyphenol oxidising factors controlling
lesion development. But resultant dissimilar losses in
seed yield incurred by such isolates may have been related
to dissimilar levels of effectors or suppressors which
control host glycolytic enzymes, resulting in a decrease
in translocatable materials such as sugars reaching the
developing kernels of infected plants (Akai et al., 1958-
1966, I-vVI. Macdonald, 1970). Thus the correlation between
high lesion index and reduced seed yield is dependent upon

the operation of both sets of factors within the host.

Fusarium isolates in the present study produced

moderately drastic damage by both shot-holes (Fusarium 1)

and localised blotches (Fusarium 4). Damage of this kind

and the slower (Fig. 3.5) though steady lesion development

shown by their lesion index curves (Fig. 3.5, 3.6, 3.7 and
3.15) are suggestive of sustained cellulolytic activity or

toxin production within the tissues.
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It is not known to what extent the present isolates

of Drechslera spp. and Fusarium spp. exhibited toxic

effects on wild rice. However, it is suspected that toxins

were operative in infection by Fusarium 4 and possibly

Fusarium 1 (see p.166). D. bicolor may have also produced

toxic compounds, in view of its severe infection by spray
inoculation. Some kinds of pathogens bring death of the
invaded cells as well as the surrounding cells by produc-
tion of toxic compounds which initiate reactions similar

to those resulting in coagulated precipitates from oxidised
polyphenols (Durbin, 1971; Hess, 1970; Johnson, 1969;
Scheffer, 1967). These toxins are related to either
specific or nonspecific pathogenicity. Specific forms in-
clude victorin (Scheffer, 1967; Wheeler, 1963) produced by

Helminthosporium victoriae and ophiobolin (Oku, 1967) by

Drechslera oryzae (Ophiobolus miyabeanus Ito) the causal

organism of brown spot of rice.

Fusarium 4 inoculated at 100 per cent R.H. failed to

caﬁse a significant loss in yield and also had a low lesion
index (Fig. 3.7 ; second inoculation). This merely in-
dicates that it has a moderately low optimal relative
humidity for successful infection; inoculations without
initial humidification resulted in substantial infection
and significant losses in seed yield (Fig. 3.6 and 3.14).

The high level of infection by Fusarium 4 at first in-

oculation is explained by the partially unsuccessful



humdification procedure for that time. With partial
humidification, lesion development was as advanced on
susceptible plants as in parallel inoculations without
humidification (Fig. 3.7, Plate 5#7 and 5§#10). These

overall findings indicate that Fusarium 4 tolerates a

moderately wide range in relative humidity (say, 35-75% R.H.),

whereas Fusarium 1 is more limited to low humidity regimes

(say, 10-35% R.H.).

E. lineatum is considered obligately parasitic as it

did not appear to significantly harm the plant in field
and greenhouse inoculations. However, it is postulated
that the equilibrium with the host may be considerably

unsettled by a concomitant infection of, for example,

Drechslera or Fusarium species. This may lead to synergism

and enhanced parasitism. Field observations showed that
smut sori were often abundant on plants with heavy leaf
and stem spotting, particularly in more southerly paddies

(Minnesota) from which Drechslera 5L and 6C were isolated.

2. INFECTION OF INJURED TISSUES

(Point Inoculations)

In Experiment III, Drechslera 1 and Drechslera 6C

caused their greatest damage when inoculated on toothpicks,

while Drechslera 5L and D. bicolor were more damaging after

spray inoculation. This tendency for the former group to
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develop more successfully on injuréd (culm) tissue in
contrast to the latter group which was more effective on
uninjured (leaf) tissue was expected to be duplicated

in Experiment IV. However, little or no distinction
between the groups was evident from the results of

Experiment IV. Drechslera 1 and Drechslera 6C again

became established successfully in injured culm tissue
but this was also true for most other isolates including

Fusarium 1 and Fusarium 4 which were not point inoculated

in Experiment III owing to lack of space. At first sight
it might appear that inoculation by hypodermic syringe
was much more successful than that by using toothpicks,

e.g. Drechslera 1 and Drechslera 6C caused much greater

reductions in yield in Experimeht IV than in Experiment III
(Fig. 3.14). Other complicating factors must be taken into
account, in particular the difference in host vigour bet-

ween these experiments.

It is highly probable that lower host vigour in plants
ofvExperiment IV contributed to the greater severity of
disease. The reason for the lower vigour was that the
plants were grown in a Sphagnum peat substrate low in
nutrients. Although peat is known to support good growth
of wild rice -- natural stands occur on Sphagnum peat at
Waskish, Minnesota and paddies have been established on
sedge peat at Stead, Manitoba (J.M. Sfewart, personal

communication) -- the plants in Experiment IV began to



164

show nutrient deficiency symptoms in the early aerial leaf
stage. The application of nitrogen and phosphorus (p.137)
had an obviously bencficial effect upon the vigour of the
plants. When applied to rapidly growing plants close to
the time of inoculation it may well have increased their
susceptibility to fungal invasion. Similar increases in
susceptibility of rice (Oryza) to stem rot caused by
nitrogen and perhaps phosphorus applications have been
observed on several occasions (Nakata and Kawamuru, 1939;

Cralley, 1939; Keim and Webster, 1974).

Although the same spore suspensions were used in
eaéh experiment, storage at 2°C between experiments caused
general but variable reduction in germinability (Table 8, p.138).
It seems hardly reasonable to expect a reduction in spore
viability to promote infection. Perhaps more remarkable

is the lack of evidence, except in the case of D. bicolor,

that lowered germinability hindered infection. It is

possible that storage may have modified the spore suspen-

sions. Accumulation of excretory or secretory products of
the spores in storage might have enhanced the development

of symptoms.

The only isolate which did not show severe culm attack

in Experiment IV, and which showed a comparable loss in

yield (approximately 16 per cent) for both experiments,

was E. lineatum.




Although the results of point inoculations in
Experiments III and IV do not correspond as fully as
might have been expected, they cannot be regarded as
seriously inconsistent in the light of the modifying

factors.
Primary Responses

Point inoculations gave rise to primary responses
similar to those outlined in the previous section. More
specific to point inoculation is the occurrence of wound
healing. Cork, lignin and callus layers have been observed
in some tissues (Asada, 1969; Hyoda et al., 1968), often
in response to the production of inducer substances by the
fungus. It is possible that similar wound healing inducer
agents were operative in the present study, though no
attempt was made to detect them. A callus layer as such
was not observed in response to injury. However, definite
browning was noted within 36 hours from the time of in-
oculation of all isolates by the toothpick method (p.120).
This was also observed in some of the controls, but it did
not spread and was very localised, indiéating response
to mechanical injury alone, from toothpick‘and hypodermic
syringe. Bfowning appeared to be delayed in the inocula—
tions by hypodermic syringe and was not apparent beforeA
48 hours (p.140). This may be explained by assuming that

inoculum was confined to more or less central culm regions
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so that it simply took time for the response to become

evident in epidermal and subepidermal tissue.

Fusarium 1 and Fusarium 4, inoculated by the injection

method, caused the greatest seed yield losses of all the
isolates (Fig. 3.12 and 3.14). Since the inoculum had been
stored before use, it is possible that toxic factors had
accumulated to damaging levels. Toxin production is common

within the genus Fusarium (Wood, 1967; Wood et al., 1972).

The presence of such a toxicity factor could be tested by
comparison of inoculations of centrifuged supernatant media
(without spores) from inocula which had been stored for
various periods, with those of fresh inocula. The low spore

germinability (Table 8, p.138) suggests that such a toxic

factor may be detrimental to the pathogen itself, if
accumulated in sufficient quantities. It may therefore
be a ‘non-specific' metabolite which was accumulated to

harmful concentrations by host cytoplasm.

After an initial 48 hour lag, culm lesions of Fusarium
in Experiment IV developed more rapidly than corresponding
leaf lesions in Experiment I and III. This may be linked

to the fact that the germinability of the fresh inoculum

(Experiment III) was about 100 per cent; the slow lesion
development may have been a function of the postulated
'time-dependent' toxicity factor, released on active spore

germination and growth. If a toxicity factor is operative
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in Fusarium isolates, it may be greater in Fusarium 4

as this resulted in the severest symptoms inciting a greater

loss in yield than Fusarium 1. This is in agreement with

Experiment III (spray inoculations) where Fusarium 4 induced

a significant loss in yield though Fusarium 1 did not.

Primary responses among Drechslera isolates were con-

fined to localised tissue browning at the point of inocula-
tion (p.120). Toxins, perhaps, were not primarily involved

in infection by Drechslera isolates, as early symptoms by

toothpick inoculations lacked dramatic effects. A toxic

product may be involved in Drechslera 6C (see below). The

principal agents of disease are thought to be germinating
and infecting spores, without toxic secretions of the

type postulated for Fusarium 4 and Fusarium 1. Whereas

the Fusarium isolates produced dramatic effects upon yield
despite low spore germinabilities, all Drechslera isolates
caused yield losses.which were directly ‘correlated' with
their spore germinabilities. The overall findings suggested
that yield losses associated with the point inoculations of
Drechslera isolates were more related to secondary responses
involving host-parasite interactions dependent on growth

of the pathogen.

Primary responses to infection by E. lineatum in the

form of leaf and culm lesions, were not apparent.
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Secondary Responses

In certain combinations of plant and pathogen, infec-
tion extends well into adjacent noninfected tissues through
pathogenic penetration or toxin and enzyme secretions of
pathogenic origin, or both (Scheffer, 1967; Wheeler, 1963).
This leads to host deterioration whereby the plant is
incapable of regulating its own metabolism. Furthermore
some toxic compounds of plant origin, normally produced

;?:?; under plant control and effective against pathogenic pene-
tration, secreted toxins and/or secreted enzymes, are
produced without regulation and themselves accelerate

irregular metabolism in the plant (Uritani, 1971).

Changes of this type leading to host deterioration
took place following inoculation of wild rice plants by

hypodermic syringe (Experiment IV) with Fusarium 4 and

Fusarium 1. Plants were more or less completely overcome

by infection (pp.141,142). Fungal sporulation was confined

to moribund or dead basal regions proximal to points of
inoculation, though symptom development was more widespread
(p.141). This localisation suggests that internal spread

of the mycelium itself was limited, but penetration by

toxic and/or enzymatic factors was not. This also suggests
that Fusarium isolates were facultative saprophytes with
only limited parasitic ability. Similarly, in this respect,

earlier findings of less rapid lesion development (pp.106,109).
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by spray inoculation, suggest dependency on a toxicity
factor to first kill penetrated cells. Also shot-hole
lesions may have represented complete necrosis by
localised saprophytic activity following death of groups

of cells by toxic factors.

The Drechslera isolates when inoculated by the
injection technique (Experiment IV) caused somewhat less
dramatic symptoms than the Fusarium isolates. There was
a general lack of foliar symptoms. Leaf lesions were

absent in both treatments involving Drechslera 1 and

Drechslera 6C as in the other isolates. It is possible

that they reduced seed yield by utilisation of host meta-
bolites involved in translocation to developing kernels,
or by enzymatic secretions involving breakdown of host
tissue or abnormal metabolism. The foliar wilt, resulting
in more or less complete host desiccation, incited by

Drechslera 6C, suggests moderately dramatic internal para-

sitic interaction, possibly related to toxin production.
Absence of severe symptoms in toothpick inoculations with

D. bicolor and Drechslera 5L was taken as evidence of their

greater adaptation as foliar pathogens.
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CHAPTER FOUR

Two experiments were conducted to investigate the

ability of pathogens to overwinter in association with the

seed and to reinfect the resultant seedling. The first
involved the examination of plants grown in the greenhouse

from the seed of inoculated and infected plants of the

previous summer. The second involved examination of the

seed itself to detect systemic fungal infection. Germin-
ability counts made in conjunction with the first experi-
ment have been presented in Chapter Two in relation to the
yield and lesion indices of field inoculated plants. They"

are also discussed in this chapter.

EXPERIMENT V

SEED SURVIVAL OF PATHOGENS = 1

MATERIALS AND METHODS

Seed fiom wild rice plants inoculated in the field in
summer 1971 was stored under water at 2°C in sealed poly-
ethylene bags. The storage period was from December to May

(6 months). On June 1lst 1972, seed was removed from storage



171

and a randomised program of germination and planting
commenced, according to the method outlined in Chapter Two.
Seedlings of uniform age were again selected and grown
under standardised conditions of soil depth, water depth
and plant density. Plants were grown for 7 weeks by which
time inflorescences were beginning to appear. During this
time examination was made every two days for any lesion
development. Those lesions which occurred were damp-
chambered by the method described in Chapter One, in an
attempt to recover the fungus which had been inoculated

onto the parent plant. 1In the case of E. lineatum, recovery

was attempted by plating the tissue containing lesions on
agar (PYG). In this experiment the typical smut lesions

failed to appear.

RESULTS

The fungi recovered from leaf lesions are recorded in
Table 10. Their relative importance is indicated by means
of a scale of abundance: sparse, moderately abundant,
abundant. Of the fungi which had been inoculated in the
field the previous summer, only two were recovered by re-
isolation f;om the greenhouse-grown plants. These were

Alternaria and Cladosporium. Both were re-isolated from

nearly all treatments as were sundry other fungi not

previously inoculated. The only organisms to attain an

'abundant' rating were Cladosporium on plants (rep. I)
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TABLE 10

THE RESULTS OF REISOLATION FROM WILD RICE PLANTS

ISOLATES

Inoculated
on parental
plants
(spray inoc., unless
otherwise stated)

DRECHSLERA
DRECHSLERA
DRECHSLERA
DRECHSLERA
DRECHSLERA
ATLTERNARIA
ALTERNARIA
ALTERNARIA

1
2
3
4
BICOLOR
1

2
3

+GONATOBOTRYS SIMPLEX

ENTYLOMA LINEATUM
inject culm + spray

ENTYLOMA LINEATUM
inject culm

ENTYLOMA LINEATUM
inject inflorescence stalk

PEYRONELLEAE SP.

FUSARIUM 1
FUSARIUM 2
FUSARIUM 3

unidentified fungus #1

unidentified fungus #2
unidentified fungus #2

inject culm-

CONTROL 1
CONTROL 2
CONTROL 3
CONTROL 4

+++ ABUNDANT;

FUNGUS RECOVERETPD

REP I REP II
=
] H % H
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£ 5 5 > 8 5
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g 8 g &
2 & ] £
B £ % i
3 5 £ = 5 &
2 O o o O o
+ + ++
+ +
+ ++ ++
+ ++ +
+ + + + ++
++ ++ + +
++ ++ + +
++ ++
+ + + + +
+ ++ ++
+ ++ + +++
++ ++
++ ++ + + +
+ ++ +
++ ++ +
++ ++ ++
+++ + _ + ++
++ ++
+ +
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derived from parents injected with unidentified fungqus {2,
and 'other fungi' on those (rep. II) derived from parents

injected with E. lineatum (Table 10). Seed from the con-

trol plots produced plants with noticeably fewer lesions
than seed from parentally inoculated plants and corres-

pondingly fewer fungi were isolated.

DISCUSSION

It should be noted that Cladosporium is not listed

among the isolates inoculated onto parental plants in

Table 10 as insufficient seed of this treatment had been
available from the field-inoculated plots the previous
summer. No attempt was made to identify to species those
which were recovered in this experiment nor to demonstrate
any inter-relationships. This was in view of the fact that,

first, Alternaria was only recovered ('moderately abundant')

from one replicate of the material whose parental stock had

been inoculated with Alternaria 2. Secondly, there was

poor agreement between replicates I and II for the frequency
of re-isolated fungi, with the exception of the contrels

from which fungi were rarely recovered.

The complete lack of re-isolated field-inoculated
pathogens suggests an absence of disease carry-over in the
living plant (seed) from one year to the next. The living

plant is specified because it is accepted that certain fungi
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such as Nakataeca sigmoidea Hara (Helminthosporium sigmoidcum)

and Sclerotium sp. can survive and overwinter in dead wild

rice tissue (King, 1970) (Oryza: Ou, 1972). It is thought
that this is one of the reasons for the occurrence of a
time~-related build-up of these diseases in artificial wild

rice paddies (Discussion, p.194).

In light of their relative absence from controls,

occurrence of Alternaria, Cladosporium and other fungi may

be linked in some way to disease incidence on parentally
inoculated stock. Although direct carry-over seems unlikely,
infection of parental stock might have altered exudation from
developing seed so that nonpathogenic organisms could build

up in or on the glumes and be carried over.

Alternatively, lesions may reflect the relative vigor
or resistance levels of the plants. The controls, which
lacked any form of parental inoculation, may have been more
resistant to general infection than the inoculated treat-
ments. The inference is that plant vigor had been reduced
by the disease inoculations the previous summer, and that
this had affected the seed and resultanf seedling. Some
support for this comes from the observation that re-isola-
tion was moét successful in cases where the parental
generation had been point-inoculated. Mechanical damage
might well have had an especially dramatic effect upon

plant vigor. However, there appeared to be no correlation
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between the number of fungi re-isolated and the level of

disease of parental plots.

Finally it should be pointed out that the conditions
of seed storage (in water at 2°C in polyethylene bags) did
not in any way duplicate overwintering conditions in the
field. 1In natural conditions there is a scatter of seed
from shallow lake edge zones to deeper water, so that some
is frozen solid in mud while the rest escapes total freeze-
up and remains in water just above freezing boint. Just
how much these conditions alone differentially control
viability and survival of fungal mycelium and sclerotial
bodies in diseased plant debris as well as, possibly, within
the seed itself, have yet to be ascertained. More work is
needed here and also in the overwintering of pathogens in
the plant debris of commercial wild rice paddies where
natural conditions would not pertain owing to certain
cultural practices such as draining of the paddies in fall
and burning of the plant straw. Present studies indicated
that wild rice seed will not tolerate freezing under
laboratory conditions (Appendix 4.7), despite a report to
the contrary (Edman, 1969). It is not known how much the
ambient mud and "fermenting ooze" common on wild rice lake
floors, may.act as a buffer against this threat to

viability of seed, as well as fungal material.
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EXPERIMENT VI

SEED SURVIVAL OF PATIIOGENS - 2

‘MATERIALS AND METHODS

Seed collected from the field plots which had been
inoculated in the summer of 1971 was stored for 8 months
at 2°C and then plated out on agar. Sixteen seeds were
removed at random from each sealed polyethylene bag. Each
seed sample was surface sterilised by agitating for
3 minutes in a 250 ml Erhlenmeyer flask containing a
mixture (1:2) of 95 per cent ethanol and undiluted com-
mercial Javex (4% sodium hypochlorite). It was then washed
in four changes of sterile distilled water. Finally the
water was decanted and the seed spread out on an aluminum
bench top. Each seed was held in forceps and bisected
longitudinally by means of a scalpel blade. The half seeds
were then transferred, cut surface down, on to PYG agar

(p.210). Aseptic conditions were maintained throughout.

In order to minimise interference by bacteria in the
growth of séedborne fungi, the agar medium was supplemented
with the antibiotics chloramphenicol and streptomycin |
sulphate each at a final concentration of 50 mg per litre.

The antibiotics, being heat labile, were passed through
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a sterile micropore filter (0.2 p) and added to the agar

medium as 1t cooled.

The inoculated agar plates were incubated at 22°C and
a 12 hour day of white light supplemented with near-
ultraviolet was used to encourage sporulation of seed-borne
fungi. The plates were observed daily during incubation.
Those plates which contained fast-growing fungi, were
segregated and held at 2°¢C to prevent overgrowth of neigh-
bouring colonies on the same plate. After 4 to 5 days all
plates were examined microscopically and scored for the
presence or absence of fungal and/or bacterial colonies on
each half seed. Mucorales, which were relatively abundant
and easily identified, were scored as a separate class.
Few other fungi sporulated during the short period of
incubation before overgrowth became imminent. Therefore,
after the initial scoring of the plates, fungi were sub-
cultured to allow for proper identification. A total of
more than 640 cultures was made in this way and incubated
in the manner described for the half seeds. Isolates were

examined and separate species stocked on slants of V8 agar.
RESULTS
While good sporulation occurred in nearly all the sub-

cultured isolates, none of the pathogenic fungi inoculated

onto parental plants the previous summer were recovered.
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A list of the fungi, identified to genera, is given below.

Graphium

Crysosporium

Phialophora

Penicillium

A substantial amount of bacterial growth occurred
from the half seeds, but growth of the colonies was
restricted and localised. Bacillus sp. was identified.

(M. Johnson, personal communication).

The frequencies of Mucorales, other fungi, and bacteria
were recorded for each original inocuiation treatment
(Appendix 4.1-4.3). The mean frequency counts from eight
plates, each bearing eight half seeds, together with their
standard deviations, are plotted in Figs. 4.1, 4.2 and 4.3
against the percentage germination of corresponding seed
samples (Fig. 2.2, Appendix 2.4). The results of linear

regression analyses are also presented in these figures.

Fig. 4.1 shows that the seed germinability drops off
as the frequency of bacteria increases beyond approximately
60 per cent; indicating an inverse relationship between
bacterial frequency and seed germinability and also a
moderately high tolerance of the seed to bacterial contamina-

tion. This is confirmed by the zero order correlation



FIG, 4.1

The correlation (and linear regression analysis) between
mean bacterial frequency and seed germinability. Bars

represent standard deviations of the means.

Slope of Regression Line -6.57
Intercept on y 107.32
Zero Order Correlation Coefficient 0.42941
S y.x, Standard Error of Estimate (biased) = 17.90

For Treatments 1-22, see Table 4, p. 54.
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FIG. 4.2

The correlation (and linear regression analysis) between
mean Mucoralean frequency and seed germinability. Bars

represent standard deviations of the means.

Slope of regression line -1.58
Intercept on y 72.19
Zero Order Correlation Coefficient 0.0648
S y.x, Standard Error of Estimate (biased) 19.78

(The regression line is broken as the correlation was non-

significant at the 5 per cent limit).

For Treatments 1-22, see Table 4, p. 54.
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FIG. 4.3

The correlation (and linear regression analysis) between

mean fungal freguency (excluding Mucorales) and seed
germinability. Bars represent standard deviations of the

means.

Slope of Regression Line 0.97
Intercept on y 68.28

Zero Order Correlation Coefficient 0.0866

S y.x, Standard Error of Estimate (biased) 19.75 !

(The regression line is broken as the correlation was non-
significant at the 5.0 per cent limit).

For Treatments 1-22, see Table 4, p.54.

s
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FIG. 4.4

The correlation (and linear regression analysis) between seed
yield (Expt. II) and the mean Mucoralean frequency (Expt. VI).
Bars represent standard deviations of the means.

Slope of Regression Line -0.27089
Intercept on y 3.5660

Zero Order Correlation Coefficient 0.42039
S y.X, Standard Error of Estimate (biased) 0.47839

(The regression line is broken as the correlation was margin-
ally non-significant at the 5 per cent level. Significance
at the 10 per cent level occurred. See Appendix 4.5, p. 244).

For Treatments 1-22, see Table 4, p. 54.
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coefficient of 0.42941, significant at the 5 per cent

significance level (Appendix 4.4).

A similar though much less marked relationship is
observed in the case of the Mucorales (Fig. 4.2). However,
the very low correlation coefficient (0.0648) indicated

that the interaction was statistically non-significant.

A direct relationship appeared to exist between seed
germinability and frequency of occurrence of other fungi,
but once again, the zero order correlation coefficient

(0.0866) was nonsignificant (Fig. 4.3).

Correlation coefficients were calculated for inter-
actions between the presence of these three groups of
organisms and the seed yields and lesion indices of the
parental plants (Appendix 4.5 and 4.6). Fig. 4.4 is the
regression plot of the Mucorales frequency against parental
seed yield, the only one of these interactions which showed
any significant correlation (10 per cent level). The
correlation coefficient Was marginally nonsignificant at

the 5 per cent level (Appendix 4.5, p. 244).

DISCUSSION

The results provide evidence that the fungi which
were considered pathogenic on the basis of earlier inocula-
tions do not survive laboratory storage under water at 2°¢

on or in the seed. This does not rule out the possibility



188

that other fungi associated with wild rice may be commonly
seedborne or that pathogenic fungi may be seedborne under

natural overwintering conditions.

With respect to the correlation between bacterial
contamination and seed germinability it is worth noting
that although bacteria occurred at moderately high frequency

on all seed samples they never caused complete suppression

of germination. Secondly, a low level of germinability

does not necessarily indicate low viability. It is well
known (Steeves, 1952) that in a sample of wild rice seed,
there will be a wide range in dormancy so that not all the
seed wiil germinate in the next growing season, but some
will remain dormant for a further eight to 12 months.

It may be postulated that the dormancy period is increased
by high levels of bacteriai contamination and that this is
reflected in the lowered germinabilities. If the high

bacterial content does indeed increase dormancy without

causing a loss in viability, it may well be beneficial to
the species, in which case the relationship would appear (R

to be symbiotic rather than parasitic or saprophytic.

Alternatively, however, bacterial colonisation may be

harmful to the seed by reducing viability as well as
germinability. Data was not obtained to indicate this.
There was some doubt as to the reliability of the tetra-

zolium test for testing seed viability of wild rice.
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With reference to Fig. 4.1, the wide range of sced
germinability for approximately the same bacterial
frequency and vice versa suggests that individual seed
samples responded to bacterial colonisation in different
ways. This poses the question as to the nature of the seed-
bacteria interaction. The position of the bacteria within
the seeds is unknown. It is possible that in éeeds which
germinated they were confined to the outer tissues (flower

parts, pericarp/testa) while in seeds which did not

germinate they invaded the endosperm and embryo thus
reducing viability. Finally, it should be stated that if
wild rice seed was not able to tolerate or resist bacteria
in nature, it would be at a severe ecological disadvantage
as most seed is deposited in lake floors where bacteria are

important decomposers of organic matter.

The correlation between fungal growth in the seed and
seed germinability, though statistically nonsignificant

bears some comment. As stated in Chapter Two (Fig. 2.6)

there is a direct correlation between seed germinability
and the parental lesion index, at the 10 per cent level of
significance, suggesting that to some degree, fungal in-

fection of the leaves may promote rather than inhibit

germinabiliﬁy of the seed. The inference here (Experiment VI)
is that the fungal content of the seed, with respect to the
mean fungal frequency, may have some indirect relationship

with the disease incidence on the parental plants. The
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overall tendency, in the present experiment, is similar in
nature. Higher frequencies of fungi in the seed were
associated with increased rather than decreased seed germin-
ability, suggesting that in some way the activities of
pathogenicufungi in parental plants is related to those of
nonpathogenic ones in the seed. Evidence for this is also
suppofted by some interaction between the presence of
Mucorales in the seed and reduced parental seed yield

(significant at the 10 per cent level, Fig. 4.4).

In conclusion, the evidence suggests that, by and large,
the effects of disease on the seed would appear to be no
more detrimental than they are beneficial, as indicated by
the high tolerance levels to bacterial and fungal con-
tamination on the one hand, and the apparently increased
seed germinability on the other. However, on the long term
basis, detrimental influences may become more visible, owing
to the importance of reserve dormant seed. It should be
added that despite the correlations evidenced, no direct

correlations with pathogenic fungi could be made.
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CHAPTER FIVE

GENERAL DISCUSSION

Earlier reports of diseases on the aerial parts of

wild rice have focussed attention on 'Helminthosporium'

species as the main causal agents. Bean and Schwartz (1961)

mention Helminthosporium oryzae B. de Haan causing an

epidemic of brown spot disease in Minnesota and Morrison

and King (1971) also attribute heavy losses in Minnesota

-

to H. sigmoideum Cav. and other Helminthosporium spp. The

results of the present study indicate that of the fungal
isolates initially screened for pathogenicity, species of

two genera, Drechslera and Fusarium, are the principal

agents of damage to the aerial parts of wild rice in
Manitoba. With the exception of the Nakatea state of

Leptosphaeria salvinii Catt. (zHelminthosporium sigmoideum

B. de Haan) which has not been isolated from Manitoba
material to date, all the 'Helminthoéporium' isolates
examined so far, both from Minnesota and Manitoba, are

referable to Drechslera Ito (J. Reid, personal communication).

It therefore seems probable that those unidentified

"Helminthosporium spp.' mentioned by Morrison and King (1971)

are of similar affinity. Up to now Bipolaris zizaniae(Nisikado)

comb, nov. Shoemaker (zZHelminthosporium zizaniae Nisikado)

has not been reported on Zizania aquatica in North America.




Drechslera bicolor (Mitra) Subram. and Jain(zH. bicolor

Mitra) which proved to be the most highly pathogenic of the
Manitoba isolates, has not been cited before on wild rice,
nor has it been recognised on cereals in North America.
However, the isolate was only induced to sporulate in
culture after considerable experimentation with wvarious
combinations of growth media and light regimes. It is

possible that D. bicolor has merely been overlooked on wild

rice and other host species in Minnesota although it did
not occur on the diseased material from Minnesota which was

examined by the author.

On a number of occésions several morphologically
distinct Drechslera isolates were obtained from a single
leaf or lesion type. It has not yet been possible to
determine whether these isolates represent many separate
species or merely variability within one or more species.

Those tested were generally less pathogenic than D. bicolor,

but undoubtedly account for much of the brown spot syndrome
in Manitoba as in Minnesota. Fusarium spp. were not
implicated in the brown spot disease by Bean and Schwartz
(1961) or Morrison and King (1971) but bathogenic isolates
have since been obtained from diseased material from
Manitoba and.Minnesota. The range of lesion type produged

by Fusarium spp. corresponds closely to that of Drechslera

spp. indicating that the brown spot syndrome is a general

response of the host to fungal attack rather than that of
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specific host pathogen reactions. More specific responses
do occur, however, toward other pathogens such as

Entyloma lineatum.

The importance of environmental conditions in deter-

mining the success of infection by both Drechslera and
Fusarium isolates was clearly indicated by greenhouse
inoculations with and without humidification. Higher
relative humidity may account in part for the observation
of Bean and Schwartz (1961) that brown spot caused by

H. oryzae was more severe in denser stands. However, plants
tend to mature more rapidly in denser stands and it appears
that their physiological age is as important as the micro-
climate in determining their susceptibility. Plants in
densely populated paddy areas began to be lesioned at a
particular stage in aerial leaf development while those in
sparser areas were not infected until later when they

reached the corresponding stage.

Within the group of predominantly foliar pathogens
which was studied, some isolates possessed some capacity
to invade leaf sheaths and thence induce a culm rot. Among

the Drechslera isolates, 1 and 6C and D. bicolor showed

culm rottiné_tendencies. Fusarium isolates 1 and 4 also
caused extensive damage when introduced into the culm, an
effect which may have been related to toxin production.

Although H. sigmoideum and Sclerotium sp, the characteristic
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stem rotting organisms described by Morrison and King (1971),
were not found in the early stages of this study, a

Sclerotium sp has since been reported attacking paddy wild

rice at Fort Alexander, Manitoba (D. Punter, 1972: personal

communication).

Bean and Schwartz (1961) noted an increase in the
severity of brown spot disease with each successive year of
wild rice cultivation. A similar trend was observed in the
present study and was also reported by Morrison and King

(1971) with respect to H. sigmoideum and Sclerotium sp.

The latter authors suggest that infested seed may contribute
to the spread and build-up of the diseases. However,
attempts to demonstrate the carry-over of foliar pathogens
in or on seed did not yield any evidence in support of this
hypothesis. In view of the wide host range of many

Drechslera and Fusarium spp. it is probable that these iso-

lates from wild rice could over-winter and increase on
grass or cereal hosts near wild rice stands, as well as wild

rice straw.

With reference to Zizania latifolia, Yamamoto et al

(1938) report a brown spot caused by Helminthosporium oryzae

Breda de Haan (=Drechslera oryzae Sub. and Jain). These

symptoms probably compare with those observed on Z. aquatica

in Manitoba and Minnesota due to infection by Drechslera and

Fusarium species. Smut symptoms, however, are quite




dissimilar for the two plants with Ustilago esculenta on

Z. latifolia inducing dwarfed plants with hypertrophied

culms and inflorescences resulting in considerable losses

in yield (Introduction, p. 25).

Ergot (Claviceps purpurea) has been a severe problem

on occasions in the past (Conners, 1939). However, it was
not observed on wild rice in the present study. Conners
reported a distinct strain which infected wild rice and
not cereal crops and grasses. This strain had sclerotia
which floated on water, indicating a certain amount of
specialised adaptation to infection of an emergent aquatic

grass.

No pathogenic bacteria were observed in the present
study (isolation techniques involved fungi only), though
bacteria including Baciilus sp did occur on 'over-wintered'
seed and their presence. correlated with a loss in seed
germinability (Experiment VI). ©No reports were found in the
literature with reference to bacteria on wild rice

(Z. aguatica) in North America. Zizania latifolia, however,

is infected by the pathogenic bacterium Xanthomonas oryzae

(Goto et al., 1953) which also attacks Oryza causing a leaf

blight. It is possible that bacteria infect the aerial

parts of Z. aquatica since the causes of certain lesions
were not completely accounted for. The black flecking of

flag leaf sheaths (lesion type 6.2) for example is only
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tentatively correlated with infection by Entyloma lineatum.

Such lesions yielded no.microorganisms, and more specific
techniqﬁes may be necessary for isolation. Alternatively,
these may represent a secondary toxic effect of the
already known pathogens. Makulova (1970) reported

Pseudomonas, Bacterium, Bacillus and Achromobacter from the

aquatic root microflora of healthy and vigorous wild rice
plants. The host was cited by generic name only, though it

was probably Z. latifolia. The bacteria were apparently

beneficial to the plant. A similar rhizosphere flora may

occur for Z. agquatica in North America.

\

Although nematodes have been reported on wild rice
(Sanwal, 1957) no reports have been made of disease directly
related to the presence of root or culm nematodes in wild
rice. However, pathogenesis by nematodes is not unlikely

in view of the known pathogenicity of species of Radopholus,

the genus isolated from Ontario by Sanwal. It is possible
that they may also form synergistic relationships with

fungal pathogens including root organisms.

Insect species may act as vectors of fungi causing
diseases of wild rice or they may predispose the plants to

infection. The "rice stem maggot", Eribolus longulus

(frit fly) may increase fungal accessibility to inner culm
regions through wounds caused by larval attack. The larvae

of Hydrellia griseola (shore fly) may aid the attack of
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foliar pathogens by providing infection courts at points

where it has burrowed into leaf mesophyll.

It is not known if the epicuticular wax on surfaces

of aerial leaves of wild rice (Zizania aquatica) (Hawthorn

and Stewart, 1970) can limit or modify foliar infection.
Surface waxes of certain plants are known to possess anti-
fungal properties. Mattin et al (1957) showed that waxes
and some of their separated fractions extracted from leaves
of certain varieties of apple, were able to inhibit

germination of conidia of Podosphaera leucotricha.

Johnston and Sproston (1965) suggested that the surface
wax contributes to the antifungal nature of leaves of

Ginkgo biloba.

Pollen deposited on fruits or leaves of anemophilous
plants has been shown to stimulate fungal infection
(Chu Chou and Preece, 1968; Fokkema, 1971; Warren, 1972).
It is possible that such a pollen effect was present in the
field. It could help account for the heavy infection by
Drechslera isolates particularly in the case of the second

inoculations which were carried out at the time of

- flowering. It is not known how much this 'pollen effect'

may have been modified by antagonistic activities of
saprophytic microflora (Fokkema, 1973) associated with

wild rice.
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The highly variable nature of wild rice (Z. aquatica

var. angustifolia) and its pathogens, particularly

Drechslera isolates, suggests that they are still evolving
at a relatively rapid rate, both individually and with
respect to each other. That wild rice is relatively new

to its growth locale is borne out by the work of McAndrews
(1969) who found that the initial increase of wild rice type
pollen in borings from a lake floor in Minnesota dated at
1935i100 radiocarbon years B.P. Ivanov and Ivanova (1968)

also report Z. latifolia in Russia to be newly establishing

itself in lake habitats which it is overgrowing and Pikava

(1972) reports Z. aquatica as new in Arizona. In any given

natural stand, Z. aquatica is a highly outbreeding

(cross-pollinating) heterogeneous population and the acute-
ness of disease symptomé fluctuates from plant to plant.

The corollary suggested here is the existence of a large
pool of genes the random mixing of which could allow for

the inheritance of a maximal number of beneficial characters
within the population. This could possibly account for

the absence of epidemics of Claviceps purpurea for example,

in recent years. Only a long term program of research

with respect to the plant itself and to'the individual
pathogens would seem able to provide the basis for an under-
standing of fhe host-pathogen relationships specific to

North American wild rice.
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CONCLUDING REMARKS

There are a number of foliar pathogens of wild rice

in Manitoba including Drechslera and Fusarium species.

Of these isolates, some show tendencies for culm rot.
The most severe, mainly foliar pathogen so far iso-

lated in Manitoba is Drechslera bicolor (Mitra) Subr.

and Jain.

Drechslera species (specifically Drechslera 1, 5L, 6C

and D. bicolor which were tested in the greenhouse)

as well as Entyloma lineatum, produce maximal infection

under greenhouse conditions of high humidity and high

temperature. Fusarium 1, 2, 3 and 4 produce maximal

infection in greenhouse conditions of relatively low
humidity and high temperature. It is likely from field

observations that this occurs in natural stands also.
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The brown spot syndrome with respect to lesion types
1.0 to 5.0 is more a response of the host plant than a

specific host-pathogen interaction.

Foliar infection is from airborne spores of Drechslera

and Fusarium species.

Drechslera and Fusarium species do not appear to be

systemic invaders though there is some evidence for

internal spread of D. bicolor and possibly Drechslera 1

and 6C.

Entyloma lineatum shows signs of systemic infection but

this is still subject to confirmation.

None of the foliar pathogens isolated from Manitoba

wild rice appear to be seedborne.

Entyloma lineatum infecting alone is weakly pathogenic

causing little or no reduction in the vigour of wild
rice plants. However, in naturally occurring mixed

infections with Drechslera and Fusarium species it is

possible that some synergism may occur.

Alternaria 2 shows some evidence for pathogenicity by

field trials. Apart from this isolate, other Alternaria

as well as Cladosporium isolates frequently obtained
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from wild rice, are probably secondary invaders being
weakly parasitic or saprophytic organisms. Within this
group of normally nonpathogenic fungi can also be

included the isolates of Epicoccum nigrum and

Peyronellaea sp.

Wild rice plants in denser stands mature more rapidly
than those in open stands. The high incidence and
severity of disease reported in denser stands probably
reflects age-related differences in host susceptibility.
Other factors such as humidity may also contribute to

the greater development of symptoms.

The bacteria such as Bacillus sp. associated with the
seed of wild rice may possibly be beneficial to the
plant on a long term basis by extending dormancy.
They may possibly become secondarily parasitic in

association with other pathogens.

The following is a list of specific areas in which the
for further work became apparent during the course of

study.

Determination of the chronological changes in the air-
borne inoculum of pathogenic fungi in natural and paddy

stands by the use of a spore trap. The correlation of
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these with environmental parameters such as rainfall,
wind, temperaturé, humidity and sunlight would provide
a basis for the prediction of epidemics. This is also

of significance in the application of fungicides.

Mixed infections by greenhouse and field inocula-

tions combining for example Drechslera and/or Fusarium

species with Entyloma lineatum.

The continuation of studies with relation to the seed-

borne transmission of pathogenic fungi.

A study of the overwintering habits of the pathogenic

fungi such as Drechslera and Fusarium spp. in relation

both to the grasses neighbouring wild rice stands and
the wild rice plants themselves. It should also be
determined how the survival of sclerotia or other
overwintering structures may be effected by cultural
practices such as drainage, cultivation and the burning

of wild rice straw.

Studies of any root-infecting organisms in the water/

mud interphase in wild rice habitats.

Biochemical and physiological studies to determine the

factor (s) controlling disease resistance in wild rice.
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7. A breeding program to develop disease resistant

cultivars of wild rice.

8. The exact characterisation of bacteria associated with

wild rice seed and their relation to the plant.

9. A determination of suitable fungicides in relation to

specific pathogens and appropriate times of application.
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APPENDIX 1.1

THE ISOLATION AND CULTURE OF ENTYLOMA LINEATUM

Isolation

Fresh inflorescence stalks of wild rice from

Fort Alexander, Manitoba, were selected for the presence

of the sori of E. lineatum. Pieces, approximately 5 to 6 cm

in length, were surface-sterilised for 3 minutes in a

250 ml Erhlénmeyer flask containing a 1:3 dilution with
water of 4.5 per cent sodium hypochlorite (commercial Javex).
After sterilization the pieces were serially washed three

or four times in sterile distilled water. The surface

sterilised pieces were treated in one of the following ways.

1. Terminally located sori were gently macerated with a
sterile needle into a few drops of sterile distilled
water on a clean sterile slide. The suspension was
gently agitated and diluted by rehoval of 2 drops with
a Pasteur pipette to tubes containing 10 ml sterile
distilled water. After agitation, 3 drops of the
dilution were transferred to the sufface of water agar
or Martins medium (modified) (Tuite, 1969) in Petri

dishes and spread with an L-shaped glass rod.

2. Pieces of tissue, with sori facing downwards, were

stuck to the lids of plastic Petri plates, containing
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one or other of the same two media. This allowed the
monokaryon bud spores to be shot down onto the agar

surface.

In each case the plates were incubated at 22°C for
48 hours. They were then examined with a microscope
(X10 and X40 objectives) for the presence of the monokaryon
yeast—-like colonies. These were subcultured with a sterile
needle to PYG plates which were sealed with masking tape
and incubated at 22°C for approximately 48 hours. They were
then stored at 2°C until enough monokaryon colonies had been
obtained to allow for cross-compatibility inoculation trials

between colonies.

Monokaryon smut cultures were obtained on water agar
by Method 1. Bacterial contamination was heavy. However,
with the use of the selective medium, 3 monokaryon cultures
were found, after the close examination of nuﬁerous plates.
Method 2 yielded 2 monokaryon cultures on water agar and

1 on the selective medium.

These 6 monokaryon isolatesvwere code numbered and
individually inoculated against each other on PYG plates.
Three pairs'were set up per plate by inoculating cells
from different colonies 3 to 4 mm apart, with the use of
a sterile needle. The pla£es were incubated at 22°C for

48 hours or more, and examined for the presence of dikaryon
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bridge cells and/or dikaryon mycelia along the line of
contact between paired cultures. This indicates the
existence of opposite mating types which can be used in

the preparation of dikaryon spore suspension.

As a further check pairs of monokaryon spore sus-
pensions were tested againét each other by spreading
0.5 ml of each thinly on water agar plates, incubating and

examining for bridge cells.

None of these 6 yeast-like colonies showed compatibility
by the test for mating type. No bridge cells or hyphae were
seen. This indicated incompatibility and the absence of

opposite mating types.

The number of monockaryon cultures obtained was too
few for the isolation of opposite mating types and secondly
for the selection of those mating types showing optimal

compatibility. It is probable that the sori of E. lineatum

were in a state of dormancy at the time of experimentation
(late fall). Overwintering of the sori may be necessary
for full development of monokaryon bud spores and this could

account for the small number of monokaryon cultures obtained.

For the present study compatible monokaryon cultures
were thus obtained from Dr. Jens J. Nielsen of the Canada
Department of Agriculture, Winnipeg. These stocks were kept

on agar slants at 2%¢.
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Culture

Cells from the monokaryon stock cultures were

inoculated by needle into 75 ml aliquots of liquid PYG

in 250 ml Erhlenmeyer flasks, 3 with each mating type.

After 15 hours incubation at room temperature on a shaker,
one flask from each mating type was selected for uni-
formity in growth, and used to inoculate similar flasks,

6 of each mating type. The flasks were inoculated with

a Pasteur pipette, 6 drops per flask, and incubated in
the same way. In 22 hours when growth was dense and
uniform in all 12 flasks, the mating types were mixed by
adding one aliquot to the other in sterile conditions.

The flasks were reincubated for 24 hours, when a cell
sample was removed and examined microscopically for the

presence of bridge cells.

Bridge cells indicating the occurrences of dikaryotisa-~

tion were apparent within 24 hours of mixing of monokaryon
cultures whereupon the dikaryon spore suspension was ready

to be used for the inoculation of the wild rice.

R




APPENDIX 1.2

SINGLE SPORE CULTURES
Method One

The following technique was employed each time a
Fusarium isolate was transferred to or from soil culture
or prior to the preparation of inoculum. A small portion
of the spdrulating mycelium was removed with a sterile
needle to a few drops of sterile distilled water on a
clean sterilised slide. After gentle agitation this
suspension was diluted by adding 3 drops to 10 ml sterile
distilled water in tubes. Drops of the diluted suspension
were transferred to water agar plates, spread with an
L-shaped glass rod and incubated at 22°C for 4 to 5 hours.
The dilution procedure was adjusted where necessary to
give a final count of between 25 and 35 macroconidia per
plate. The incubated plates were examined under a
binocular dissecting microscope and germinating conidia
removed on small agar blocks cut out by means of an
inoculating needle. The agar blocks were inverted singly
on PDA agar plates which were incubated at 20°C with 12 hours

mixed near-UV and white light per day.

Single spore cultures were successfully established

in this way for Fusarium 1, 2 and 4. Fusarium 3, however,

sporulated too poorly to allow single spore culture.




209

Single spore cultures of Cladosporium 1, 2 and 3 were also

obtainced by this method.

Method Two

For larger spored fungi such as Drechslera spp. a cube

of agar was cut from a Vigofously sporulating éulture
obtained directly from leaf isolations. This was inverted
on a plate of water agar several times serially, in order
to dislodge the spores. By the third or fourth time the
block had been touched to the agar surface, spores were
sufficiently sparse to be picked off singly with an
inoculation needle, using a binocular dissecting microscope.
These were inoculated onto PYG agar plates or onto slants

of V8 or PCA.

Single spore plate cultures as well as slants were

established by this method for Epicoccum nigrum,

4
Alternaria spp. and Peyronelleae sp. in addition to

Drechslera spp.
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APPENDIX 1.3

GROWTH MEDIA

1. PYG: Peptone Yeast Glucose Agar

Peptone | 1.0 g
Yeast 1.0 g
Dextrose (d-glucose) 3.0 g
Agar 20.0 g
Distilled Water 1 litre

2. PDA: Potato Dextrose Agar
Potato 200.0 g
Dextrose 20.0 g
Agar 20.0 ¢
Distilled Water 1 litre

2 cm cubes of potato, without skin, were added to
500 ml distilled water. This was autoclaved in a large

foil-covered beaker for 15 minutes at 120°C and 15 p.s.1i.

The potato water was then passed through 2 layers of
cheese cloth and made up to 1 litre after the addition

of agar and dextrose.
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3. V8: V8 Juice Agar
'v8' Tomato Juice 100 ml
Agar 20 g
bistilled Water 900 ml

4, V8 Modified:
Ingredients ‘as above. Centrifuge 'V8' Tomato

Juice at 10,000 r.p.m. for 20 minutes before use.

5. PCA: Potato Carrot Agar

1 Potato 20 g
% Carrot 20 g
| Agar 25 g

Distilled Water 1 litre

1 cm cubes of potato and carrot (without skin)

were autoclaved under the conditions specified for PDA.

6. CDA: Czapek (Dox) Agar

Sodium nitrate (NaNO3) 2.0 g
Potassium dihydrogen phosphate

(KH,,PO,) 1.0 g

274

Magnesium sulphate (MgSO47H20) 0.5 g
Potassium chloride (KCl) 0.5 g
Ferrous sulphate (FeSO47H20) 0.01g
Sucrose 30.0 g
Agar 20.0 g

Distilled Water (tap) 1 litre
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Trace elements were not added as glass distilled

water was not used.

7. Tap Water Agar:
Agar 20.0 g

Tap Water 1 litre

8. Selective Medium: Martin Medium RB-M1 (modified by

the author) (Tuite, 1969)

KH,PO,, 0.5 g
K, HPO 0.5 g
MgSO47H20 0.5 g
Peptone 5.0 g
Dextrose 8 10.0 g
Yeast Extract 0.5 g
Streptomycin Sulphate 0.03g
Oxgall . 5.0 4¢
»Sodium Propinate 1.0 g
Agar 20.0 g
Distilled Water (tap) 1 litre

The oxgall and streptomycin sulphate were dissolved

in 50 ml distilled water and added through a micropore

filter to the cooled agar medium (approx. SOOC) after it

had been sterilised.
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Antibacterial Medium (Experiment VI):

Chloremphenicol and streptomycin sulphate were
used at a final strength of 50 mg per litre. 250 mg of
each were added to 100 ml tap distilled waterx. This
was stirred and heated at approximately 30°C until all
had dissolved. The solution was passed through a
micropore filter (0.2 p diam.) under vacuum
and 5 ml added with a sterile hypodermic syringe to
245 ml PYG agar aliquots cooled to approximately 50°C

in 500 ml Erhlenmeyer flasks.
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APPENDIX 1.4

THE PRESERVATION OF FUSARIUM IN SOIL

Clones of Fusarium 1, 2 and 4 were prepared by single-

spore subculture 6n PDA plates incubated at 20°C with a

12 hour day of mixed near-UV and white light. When sporula-
tion was abundant, the conidia were harvested in sterile
conditions. Sterile distilled water was added to the plates
which were scraped with a wire loop. The resulting sus-
pensions were passed through 2 layers of cheesecloth in a
funnel and collected in 250 ml Erhlenmeyer flasks. Two ml
aliquots of the suspension were then added to tubes con-
taining a mixture of black earth, sand and peat (2:1:1)
which had been sterilised by autoclaving at 120°¢ for

3 hours on 3 consecutive days. The tubes were agitated to
disperse the suspension which moistened the upper soil

(2-3 cm)only. After incubation for 5 days at room

temperature (17OC) the tubes were stored at ZOC.

The Fusarium isolates retained their viability and
pathogenicity well as evidenced by inoculations conducted

18 months later.
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SEED YIELD DATA

Expt. II FIELD INOCULATION TRIALS (Cf: Fig. 2.2 )
ISOLATE SEED YIELD/PLANT ST.
(Spray inoc. unless (g.d.wt.) MEAN DEVI-
otherwise stated) REP.I REP.II ATION
1 DRECHSLERA 1 3.4 3.0 3.20 0.28
2 DRECHSLERA 2 3. 2.2 2,70 0.71
3 DRECHSLERA 3 2.7 .4 3.05 0.49
4 DRECHSLERA 4 2.3 3.5 2.90 0.85
5 D. BICOLOR 2.3 2.4 2,35 0.07
6 ALTERNARIA 1 3.5 3.2 3.35 0.21
7 ALTERNARIA 2 2.9 2.9 2.90 0]
8 ALTERNARIA 3+GONATOBOTRYS SIMPLEX 3.2 3.4 3.30 0.14
9 E. LINEATUM 5.2 3.7 4,45 1.06
10 E. LINEATUM (inject culm) 4.0 3.9 3.95 0.07
11 E. LINEATUM (inject infl. st.) 2.7 2.7 2.70 0
12 PEYRONELLAEA SP. 3.0 4.7 3.85 1.20
13 FUSARIUM 1 3.2 3.4 3.30 0.14
14 TFUSARIUM 2 2.3 2.9 2.60 0.42
15 FUSARIUM 3 2.9 3.3 3.10 0.28
16 unidentified fungus #1 2.4 3.9 3.15 1.06
17 unidentified fungus #2 3.4 3.4 3.40 0
18 wunidentified fungus #2 (inject culm) 3.7 4.3 4.00 0.42
19 CONTROL 1 3.7 4.2 3.95 0.35
20 CONTROL 2. 3.9 3.9 3.90 0
21 CONTROL 3 4.0 3.3 3.65 0.49
22 CONTROL 4 3.3 4.0 3.65 0.49
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APPENDIX 2.2

THE PERCENTAGE LOSSES IN SEED YIELD

Expt. II FIELD INOCULATION TRIALS (Cf: Fig.2.3 )

The percentagce losses in sced yield are based on the means of 2 repli-
‘cates for each treatment relative to the overall mean for all the
controls. The differences of individual controls 1-4 from the overall
mean of the controls are also given.

ISOLATE PERCENTAGE
i LOSS (gain)
(spray inoc. unless oS e

otherwise stated) (CE: Controls)

1 DRECHSLERA 1 16
2 DRECHSLERA 2 29
3 DRECHSLERA 3 20
4 DRECHSLERA 4 23
5 D. BICOLOR 38
6 ALTERNARIA 1 12
7 ALTERNARIA 2 .23
8 ALTERNARIA 3+GONATOBOTRYS SIMPLEX 13
9 E. LINEATUM (+17)
10 E. LINEATUM (inject culm) (+4)
11 E. LINEATUM (inject infl. st.) 29
12 PEYRONELLAEA SP. (+2)
13 FUSARIUM 1 13
14 FUSARIUM 2 31
15 FUSARIUM 3 18
16 unidentified fungus #1 ’ 17
17 unidentified fungus #2 10
18 wunidentified fungus #2 (inject culm) 0 (+6)
19 CONTROL 1 (+4)
20 CONTROL 2 (+3)
21 CONTROL 3 ’ 4
22 CONTROL 4 4
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APPENDIX 2.3

THE LESION INDEX

Expt. II FIELD INOCULATION TRIALS (CEf: Fig. 2.2)
ISOLATE LESION INDEX ST.
(spray inoc. unless } . . MEAN DEVI-~
otherwise stated) REP.I REP.II ATION
1 DRECHSLERA 1 8.0 9.0 8.50 0.71
2 DRECHSLERA 2 9.0 8.5 8.75 0.35
3 DRECHSLERA 3 9. 9.00 0
4 DRECHSLERA 4 9.0 9.0 9.00 0
5 D. BICOLOR 9.0 9.0 9.00 0
6 ALTERNARIA 1 5.0 4.5 4.75 0.35
7 ALTERNARIA 2 4.0 3.0 3.50 0.71
8 ALTERNARIA 3+GONATOBOTRYS SIMPLEX 3.0 4.0 3.50 0.71
9 E. LINEATUM 4.0 5.0 4.50 0.71
10 E. LINEATUM (inject culm) 4.5 4.0 4.25 0.35
11 E. LINEATUM (inject infl. st.) 3.5 3.0 3.25 0.35
12 PEYRONELLAEA SP. . 4.0 | 4.5 4,25 0.35
13 FUSARIUM 1 5.0 4.5 4.75 0.35
14 FUSARIUM 2 4.0 4.0 4,00 0
15 FUSARIUM 3 4.5 4.5 4.50 0
16 unidentified fungus #1 3.5 3.0 3.25 0.35
17 unidentified fungus #2 4.5 4.5 4.50 0
18 unidentified fungus #2 (inject culm) 3.0 3.0 3.00 0
19 CONTROL 1 4.0 3.0 3.50 0.71
20 CONTROL 2 3.0 4.0 3.50 0.71
21 CONTROL 3 4.5 4.5 4.50 0
22 CONTROL 4 3.5 3.5 3.50 0
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APPENDIX 2.4

SEED GERMINABILITIES

GERMINABILITY OF STORED SEED ,
Expt. 11 FROM FIELD INOCULATED PLANTS (Cf: Fig. 2.2)

ISOLATE ' SEED GERMINABILITY ST.

(spray inoc. unless MEAN DEVI-

otherwise stated) REP.I REP.II ATION

1 DRECHSLERA 1 84.50 96.20 90.35 8.27

2 DRECHSLERA 2 97.08 93.92 95.50 2,74

3 DRECHSLERA 3 97.95 53.11 75.53 31.71

4 DRECHSLERA 4 92.25 76.92 84.59 10.84

5 D. BICOLOR 97.86 73.37 85.62 17,31

6 ALTERNARIA 1 78.62 26.24 52.43 37.04

7 ALTERNARIA 2 90.60 76.10 83.35 10.25

8 ALTERNARIA 3+GONATOBOTRYS SIMPLEX 23.66 11.11 17.39 8.87

9 E. LINEATUM 97.84 74.40 86.12 16.57

10 E. LINEATUM (inject culm) 61.64 61.27 62.46 0.26
11 E. LINEATUM (inject infl. st.) 41.18  44.83 43.01 2.58
12 PEYRONELLAEA SP. 97.50 67.53 82.52 21.19
13 FUSARIUM 1 83.16 57.84 73.00 21.44
14 FUSARIUM 2 85.21 50.00 67.61 24.90
15 FUSARIUM 3 ‘ 88.31 96.76 92.54 5.98
16 unidentified fungus #1 76.20 60.36 68.28 11.20
17 unidentified fungus #2 97.08 39.36 68.22 40.81
18 unidentified fungus #2 (inject culm) 83.90 94.33 89.12 7.37
19 CONTROL 1 | 96.25 82.93 89.59 9.42
20 CONTROL 2 30.83 85.88 58.36 38.93
21 CONTROL 3 57.95 17.93 37.94 28.30
22 CONTROL 4 83.24 29.02 56.13 38.34
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Expt. II
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Expt. II
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ZERO
ORDER
CORR.
COEF.

0.48171

0.00000

0.42029
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APPENDIX 2.8

CORRELATION COEFT'ICILENTS

SEED YIELD AND LESION INDEX (C£: Fig.2.5 )
SIGNIF. SIGNIF. SIGNIF. SIGNIF.
AT 10% AT 5% AT 1.0% AT 0.1%

+s1g- LOWEST ... TOWEST . . LOWEST . . LOWEST
SIG. SIG. SIG. SIG.
NIFI- NIFI- NIFI- NIFI-
cance CORR-  canven CORR. o o CORR. . CORR.
COEF . COEF. COEF. COEF.
+  0.3598 +  0.4227 - 0.5368 -  0.6524
SEED YIELD AND SEED GERMINABILITY
- 0.3598 - 0.4227 - 0.5368 - 0.6524

LESION INDEX AND SEED GERMINABILITY (Cf: Fig.2.6)

+ 0.3598 - 0.4227 - 0.5368 - 0.6524

+ = Significance; - = Nonsignificance




™ 050 17771 £9°0 £8°0 08°1 €11 Keads TOYINOD 02
N Sy 0 Zz°1 09°0 69°1 L1 €1 Kexds TOYINOD 61
€0 Z5°0 0Z°0 €2°0 €L°0 06°0 309{uT + Aeads TOYINOD 81
BE"O 3720 820 60°0 LE®O L6°0 309fut + Keads WALYANIT 3 LT
SE°0 98°0 SL"0 Zv° o G171 £€1°1 Aeads WAIVANIT 3 91
1770 1670 Z8°0 €8°0 26°0 90" 1 Aeads ¥ WATIVSnNd §7J
27°0 15°0 €€°0 0%°0 Zv°0 68°0 (Axp) Aexds v WAI¥VSNd ©1
9¢°0 S8°0 65°0 8%°0 £€1°1 8T"1 (Kzp) Aeads 1 WAI¥VSNI €7
9£°0 860 1L°0 00°1 1.°0 8y°1 yo1dyz003 TOYINOD TT
L2°0 0%°0 0Z°0 I17°0 zZZ°0 8L°0 y¥otdyzooy 09 WNTISHOTYA 17
” ¥2°0 S9°0 €50 8% °0 LS*0 00°1 Aeads 09 WMETISHOTIA 0T
: L¥"0 96°0 Z8°0 vy 0 967 001 yotdyzooy TOIINOD 6
: 15°0 850 €70 81°0 €e°1 8€°0 so1dyszooy IS YNETISHOTIA 8
: L1°0 G50 o0 0V "0 €L°0 L9°0 Keads 1S YETISHOTNA L
M 1%°0 91°1 68°0 L0 €9°1 9¢°1 ¥oTdyzooy TOJINOD 9
: 11°0 LE"O 8¢ 0 92°0 0€°0 250 3oTdyzo0] T WEETISHOTIA §
¥ 62°0 0L"0 62°0 LSO 16°0 €0°1 Aexads 1 YNITSHOTNA ¥
W 62°0 85°0 L6°0 Z€°0 470 65°0 sotdyjzoon TOMINOD €
LO"0 £€€°0 r472d) 0€°0 1€°0 LZ0 yo1dyzool ¥OIODIg A ¢
LO°0 9€°0 62°0 62°0 ¥%°0 ov°0 Keads ¥OTI02Ig *d 1
NOILVY AI *d3d III 43y IT "da3yg I "dag NOIIVINDONI
-IAZQ NYEW J0 dIYIOSI
*1S (*3M°p*B) INVId/QIEIX AIHS JOHLAW
( 6°€°b1a :30) SNOILYINOONI INIOd ANV AVYdS HSNOHNITID ITI -3dxdg

VIVA dTIIA dIHS

T°¢€ XIANHJAVY




Expt. IV

APPENDIX 3.2

SEED YIELD DATA

GREENHOUSE POINT INOCULATIONS

(0.5 ml inoculum injected into the base of the culm)

ISOLATE

i D. BICOLOR

2 DRECHSLERA 1

3 DRECHSLERA 5L

4 DRECHSLERA 6C

5 FUSARIUM 1

6 FUSARIUM 4

7 E. LINEATUM

8 CONTROL (water)

9 CONTROL (untreated)

SEED YIELD/PLANT (g.d.wt.)

REP I

0.25
0.10
0.12
0.09
0.14
0.03
0.48
0.53

0.40

REP II REP III REP IV

0.25

0.14

0.16

0.19

0.04

0.02

0.69

0.55

0.74

0.53

0.06

0.16

0.05

0.01

0.56

0.94

0.61

0.23

0.07

0.11

0.19

0.09

0.03

0.36

0.50

0.57

MEAN

0.32

0.09

0.14

0.15

0.06

"0.63

0.58

224

(CE: Fig.3.12)

ST.
DEVI-
ATION

0.04

0.03

0.08

0.01

0.21

0.14




Expt. III

THE PERCENTAGE LOSSES IN SEED YIELD

APPENDIX 3.3

225

GREENHOUSE SPRAY AND POINT INOCULATIONS (Cf: Fig.3.14)

The per cent losses in seed yield are based on the means of

4 replicates for each treatment relative to the mean of the controls.

10

11

12

13

ISOLATE

D. BICOLOR

D. BICOLOR

DRECHSLERA

DRECHSLERA

DRECHSLERA

DRECHSLERA

DRECHSLERA

DRECHSLERA
FUSARIUM 1
FUSARIUM 4

FUSARIUM 4

5L

5L

6C

6C

E. LINEATUM

E. LINEATUM

METHOD
OF
INOCULATION

spray
toothpick
spray
toothpick
spray
toothpick
spray
toothpick
spray DRY
spray DRY
spray
spray

spray + inject

PER CENT
LOSS
IN YIELD

70.50

43.10

42.60

68.10

54.92

39.58

46.72

59.18

30.33

58.20

25.41

29.50

17.25
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APPENDIX 3.4

THE PERCENTAGE LOSSES IN SEED YIELD

Expt. IV GREENHOUSE POINT INOCULATIONS (CEf: Fig.3.14)

(0.5 ml inoculum injected into the base of the culm)

The per cent losses in seed yield are based on the mean of

4 replicates for each treatment relative to the mean of the controls

injected with sterile distilled water.

PER CENT
ISOLATE LOSS
IN YIELD
1 D. BICOLOR 49.21 g
| 2 DRECHSLERA 1 _ 85.71 §
3 DRECHSLERA 5L 77.78 :
4 DRECHSLERA 6C 76.19
5 FUSARIUM 1 90. 48
6 FUSARIUM 4 96.83

g 7 E. LINEATUM 17.50

8 CONTROL (untreated) 7.94
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APPENDIX 3.51

LESION INDEX CURVE

Expt. III DRECHSLERA BICOLOR FIRST INOCULATION (Cf: Fig. 3.1)
HOURS AFTER LESION INDEX \EAN D;gi-_
INOCULATION REP T REP II REP III REP IV ATION
12 0 0 0 0 0 0
16 0 0 0 0 0 0
20 6.00 4.75 6.50 4.75 5.20 0.34
24 6.50 4.75 6.50 4.75 5.63 0.39
40 8.00 6.00 7.00 7.00 7.00 0.82
48 8.25 7.00 7.75 7.50 7.88 0.39
60 8.75 7.75 8.00 7.75 8.06 0.24
64 9.25 8.25 8.50 8.75 8.69 0.43
69 9.50 8.25 8.75 8.75 8.81 0.52
87 9.50 8.25 8.37 9.00 8.88 0.52
108 9.60 8.75 9.25 9.25 9.21 0.35
120 9.70 8.80 9.30 9.30 9.28 0.37
144 9.80 8.85 9.40 .9.40 9.36 0.39
DRECHSLERA BICOLOR SECOND INOCULATION
10 0 0 0 0 0 0
16 2.25 3.00 2.10 .2.50 2.46 0.39
24 7.50 7.75 7.75 7.00 7.50 0.35 :
37 _ 8.25 8.50 8.60 8.00 8.34 0.27 ;
64 ) 9.20 9.00 9.10 9.35 9.16 0.15 |
89 9.25 9.15 9.35 9.36 9.28 0.10
120 9.35 9.16 9.50 9.40 9.35 0.14
138 9.36 9.20 9.75 9.45 9.44 .0.23
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APPENDIX 3.52

LESION INDEX CURVE

Expt. IIT DRECHSLERA 1 FIRST INOCULATION (Cf: Fig.3.2 )
| HOURS AFTER LESION INDEX ST.
@ INOCULATION ' : - MEAN DEVI-
: REP I REP II  REP III  REP IV ATION
12 0 0 0 0 0 0

16 0 0 0.50 0 0.13 0.25

18% 4.50 3.50 1.50 6.00 3.88 1.89

21 6.00 6.50 2.75 6.75 5.50 1.86

24 7.50 7.20 6.00 7.20 7.00 0.63

384 7.75 8.00 7.50 7.75 7.75 0.21

48 8.00 8.50 7.75 8.25 8.13 0.33

60 8.25 8.75 7.75 8.25 8.25 0.41

72 8.30 8.80 7.80 8.30 8.30 0.41

% 8.40 8.90 7.80 8.75 8.46 0.46

136 8.45 9.00 7.90 8.80 8.54 0.48

DRECHSLERA 1 SECOND INOCULATION
10 0 0 0 0 0 0

13 3.00 1.00 1.00 0 1.25 1.26

18 5.00 5.50 3.50 0.50 3.44 2.25

24 8.25 8.50 5.95 6.90 7.40 1.20

41 8.35 8.85 6.95 7.25 7.85 0.90

65 ~8.55 9.10 7.00 7.30 7.99 1.00

% 8. 60 9.30 7.10 7.45 8.11 1.02

114 8.75 9.45 7.15 7.50 8.21 1.07

135 8.80 9.50 7.20 7.60 8.28 1.06




229

APPENDIX 3.53

LESION INDEX CURVE

Expt. III DRECHSLERA 5L FIRST INOCULATION (Cf: Fig.3.3 )
HOURS AFTER LESION INDEX ST.
INOCULATION ' ' - MEAN DEVI-
REP I REP II REP III REP 1V ATION
12 0 0 0 0 0 0
16 3.50 3.00 0 3.50 2.50 1.68
17%— 5.75 5.00 4.00 5.60 5.09 0.79 i
20 8.00 7.50 4.00 7.50 6.75 1.85 :
24 8.25 7.75 4.50 8.25 7.19 1.80 E
40 8.30 8.25 5.00 8.75 7.63 1.76 :
48 8.60 8.50 6.00 8.80 7.98 1.32 ﬁ
88 8.80 8.60 6.00 8.85 8.06 1.38 E
120 8.85 8.70 6.00 8.90 8.11 1.41 E
DRECHSLERA 5L SECOND INOCULATION
10 0 0 0 0 0 0 f
16 4.25 3.95 2.95 3.25 3.60 0.60 :
24 6.25 8.25 3.75 7.00 6.31 1.90
41 6.75 8.65 4.00 7.85 6.81 2.03
72 8.85 8.75 4.50 8.15 7.56 2.06
20 8.90 8.80 4.55 8.20 7.61 2.06
111 8.95 8.83 4.75 8.25 7.70 1.99

138 9.00 8.90 4.75 8.25 7.73 2.07
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APPENDIX 3.54

LESION INDEX CURVE

Expt. III DRECHSLERA 6C FIRST INOCULATION (CEf: Pig.3.4 )
LESION INDEX ST.
oo e o i
REP I REP II REP IIT REP IV ATION
12 0 0 0 0 0 0
le 6.50 6.00 4.00 6.00 5.63 1.12
21 8.00 7.00 7.00 7.25 7.31 0.47 3
24 8.75 7.25 8.50 7.30 7.95 0.79 ?
40 8.90 7.30 8.60 7.50 8.08 0.79 i
72 8.95 7.30 8.75 7.60 8.15 0.82 %
111 9.25 7.60 8.95 7.70 8.35 0.83 E
DRECHSLERA 6C SECOND INOCULATION
10 0 0 0 0 0 0
17 4.50 - 3.75 3.00 3.50 3.69 0.62
24 7.25 7.10 6.95 6.75 7.01 0.21
48 8.00 7.80 7.90 8.55 8.26 0.49
' 66 8.90 7.90 8.00 8.65 8.36 0.49
87 8.95 8.00 8.10 8.70 8.44 0.46
114 9.00 8.10 8.10 8.75 8.49 0.46

136 9.10 8.15 8.15 8.80 8.55 0.48
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APPENDIX 3.55

LESITON INDEX CURVE

Expt. III - FUSARIUM 1 FIRST INOCULATION (Cf: Fig.3.5 )

(WITHOUT HUMIDIFICATION)

HOURS AFTER LESTION INDEX EAN D;gi_
INOCULATION REP I REP II REP III REP IV ATION
10 0 0 0 0 0 0
16 2.50 2.00 2.00 3.50 2.50 0.71
24 4.00 3.75 4.35 3.75 3.99 0.26
41 7.50 7.25 7.50 6.50 7.19 0.47
64 8.50 8.25 8.45 7.85 8.26 0.30
89 8.60 8.35 8.60 7.95 8.38 0.31
112 8.70 8.50 8.75 8.10 8.51 0.30
137 8.85 8.60 8.85 8.20 8.63 0.31
§ FUSARIUM 1 SECOND INOCULATION
% (WITHOUT HUMIDIFICATION)
8 0 0 0 0 0 0
J 16 3.75 3.50 3.50 3.65 3.60 0.12
’g 24 6.20 6.20 6.35 5.00 5.91 0.62 |
| 42 7.30 7.95 7.30 7.20 7.44 0.34 |
64 7.65 8.10 7.55 7.40 7.68 0.30 |
96 7.85 8.25 7.80 8.20 8.03 0.23 §
118 ©7.90 8.30 7.83 8.25 8.07 0.24 5

136 7.95 8.40 8.84 8.25 '8.11 0.26
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APPENDIX 3.56

LESION INDEX CURVE

Expt. III FUSARIUM 4 FIRST INOCULATION (Cf: Fig.3.6 )

(WITHOUT HUMIDIFICATION)

LESION INDEX ST.

INocULATION MEAN  DEVI-
REP I REP II REP III REP IV ATION
8 0 0 0 0 0 0
11 0 0 0 3.75 0.94 1.87
37 8.25 7.75 6.75 8.00 7.69 0.66 ?
48 8.35 7.80 6.78 8.70 7.91 0.84 :
64 8.95 7.85 7.85 8.75 8.35 0.58
89 9.00 7.90 7.90 8.75 8.39 0.57 i
112 9.10 7.95 8.00 8.80 8.46 0.58 %
137 9.25 8.15 8.15 8.95 8.63 0.56 %
FUSARIUM 4 SECOND INOCULATION |
(WITHOUT HUMIDIFICATION)
10 0 0 0 0 0 0
15 3.00 3.20 2.25 2.75 2.80 0.41
24 6.00 6.10 4,80 5.75 5.46 0.99
42 6.95 6.75 6.75 6.25 6.68 0.30
64 7.85 7.50 7.75 7.75 7.71 0.15
20 8.30 8.00 7.95 8.20 8.11 0.17
112 8.40 8.07 8.00 8.30 8.18 0.20

144 © 8.45 8.01 8.10 8.35 8.23 0.21
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APPENDIX 3.57

LESION INDEX CURVE

Expt. III FUSARIUM 4 FIRST INOCULATTON (Cf: Fig. 3.7)
HOURS AFTER LESION INDEX ST.
INOCULATION MEAN DEVI-
REP I REP II  REP III  REP IV ATION
10 0 0 0 0 0 0
16 0 0.5 1.00 0 0.38 0.48
a1 4.01 4.25 6.50 4.00 4.69 1.21
64 6.00 7.00 8.00 ' 5.50 6.63 1.12
90 6.85 7.20 8.25 6.50 7.20 0.76
112 6.95 7.35 8.35 6.70 7.34 0.73
137 7.00 7.45 8.40 6.75 7.40 0.73
FUSARIUM 4 SECOND INOCULATION
16 0 0 0 0 0 0
24 2.00 0.50 0.75 1.50 1.19 0.69
48 4.00 2.50 3.00 3.90 3.35 0.75
64 4.15 2.60 3.10 4.10 3.49 0.76
9 4.20 2.75 3.15 4.15 3.56 0.73
118 UNCHANGED 3.56 0.73

136 UNCHANGED 3.56 0.73
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APPENDIX 3.58

LESION INDEX CURVE

Expt. III ENTYLOMA LINEATUM FIRST INOCULATION  (Cf: Fig.3.8 )
LESION INDEX ST.
INOCULATION - y (MEAN DEVI-
REP I REP II  REP III  REP IV ATION
16 0 0 0 0] 0 0
24 0 0 0 0 0 0
36 3.50 2.88 1.50 3.25 2.81 0.90
40 4.25 3.00 3.25 4.00 3.63 0.60
61 4.50 3.00 3.30 4,25 3.76 0.72
88 4.55 3.00 3.40 4,30 3.81 0.63
113 UNCHANGED 3.81 0.63
ENTYLOMA LINEATUM SECOND INOCULATION
10 0 0] 0 0] 0 0
18 0.75 0.50 - 0.75 1;00' 0.75 0.20
24 3.20 2.50 2.25 2.75 2.68 0.41
39 4.25 3.50 2.75 3.10 3.40 0.64
66V 4.35 3.65 2.85 3.25 3.53 0.64
20 4,40 3.66 2.85 3.30 3.55 0.65
114 UNCHANGED 3.55 0.65

136 UNCHANGED 3.55 0.65




Expt. III

(Final Lesion Indices of the Lesion Index Curves)

GREENHOUSE SPRAY INOCULATIONS

ISOLATE

1 D. BICOLOR

2 DRECHSLERA

3 DRECHSLERA

4 DRECHSLERA

5 FUSARIUM 1

6 FUSARIUM 4

7 FUSARIUM 4

8 E. LINEATUM

1

5L

6C

(spray DRY)

(spray DRY)

APPENDIX 3.59

REP I

8.80

7.95

8.45

4.20

THE LESION INDEX

LESION INDEX

8.01

3.66

9.75

7.

4,

20

75

.15

.84

.10

.15

2.85

REP II REP III REP IV

9.45

8.25

8.80

8.25

8.35

8.28

8.23

3.56

(C£: Fig. 3.9)

ST.
DEVI-
ATION

1.06

2.01

0.48

0.26

0.21

0.73

0.65

The controls were virtually free of lesions so that they were

each given an arbitrary lesion index of 2.0 for purposes of conduct-

ing an Analysis of Variance (Cf: Appendix 3.8).
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APPENDIX 3.6

CORRELATION COEFFICIENT

Expt. III SEED YIELD AND LESION INDEX (Cf: Fig.3.11)
SIGNIF. SIGNTIF. SIGNIF. SIGNIF.
AT 10% AT 5% AT 1.0% AT 0.1%
ZE E LO LO L
DEGREES RO g LOWEST . . LOWEST . . LOWEST , . LOWEST
oF ORDER o’ SIG. oo SIG. | o7 sIG. 7 SIG. :
CORR. CORR. CORR. CORR. CORR.
FREEDOM — pp, CANCE opp, CANCE opp. CBANCE .o’  CANCE COEF.
8 0.88732 + 0.5494 +  0.6319 + 0.7646 + 0.8721

* 4
+ = Significance; - = Nonsignificance
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APPENDIX 4.1

Expt. VI THE BACTERIAL TIREQUENCY (C£: Fig.4.1)

NO. OF HALF

PER SAMPL T.
L SOLATE* SEEDS PER SAMPLE ... S
(inoc. ont ntal plts.) OF 8 SHOWING . DEVI-
hoc. © parental plts. THE PRESENCE *  ATION

OF BACTERIA

REP I REP II

1 DRECHSLERA 1 4647 4657 5.37 1.30
2 DRECHSLERA 2 7446 7384 537 1.84
3 DRECHSLERA 3 8683 8383 5.8 2.47
4 DRECHSLERA 4 4353 6372 4.12 1.72
5 D. BICOLOR 7878 7878 7.50 0.52
6 ALTERNARIA 1 7878 7877 7.37 0.50
7 ALTERNARIA 2 5646 3738 5.25 1.83
8 ALTERNARIA 3+GONATOBOTRYS SIMPLEX 7878 7748 6.87 1.24
9 E. LINEATUM 4484 8588 6.12 2.02
10 E. LINEATUM (inject culm) 8080 8080 4.50 3.96
11 E. LINEATUM (inject infl. st.) 8888 8888 8.00 O
12 PEYRONELLAEA SP. 3848 4508 5.00 2.87
13 FUSARIUM 1 6878 3848 6.50 2.00
14 FUSARIUM 2 0704 0648 3.25 3.01
15 FUSARIUM 3 3635 7566 5.12 1.45
16 unidentified fungus #1 7878 7877 7.37 0.50
17 unidentified fungus #2 2236 2526 3.50 1.84
18 wunidentified fungus #2 (inject culm) 36 47 57 58 4.62 2.32
19 CONTROL 1 1808 8618 5.00 3.66
20 CONTROL 2 ° 6728 4878 6.25 2.18
21  CONTROL 3 6676 7767 6.50 0.52
22 CONTROL 4 4615 7566 4.76 1.97

*k
spray inoc. unless otherwise stated
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APPENDIX 4.2

Expt. VI THE MUCORALEAN FREQUENCY (Cf: Fig.4.2 )

NO. OF HALF

ISOLATE** SEEDS PER SAMPLE Meay ST
(inoc. onto parental plts.) OF 8 SHOWING NO DEVI-
: P p : THE PRESENCE *  ATION
OF MUC.

REP I REP II

i DRECHSLERA 1 3031 5151 2.37 1.92
2 DRECHSLERA 2 0000 0001 0.12 0.34
3 DRECHSLERA 3 2112 0010 0.87 0.83
4 DRECHSLERA 4 4020 2120 1.37 1.40
5 D. BICOLOR 2030 4040 1.62 1.84
6 ALTERNARIA 1 3030 3040 1.62 1.76
7 ALTERNARIA 2 1040 2020 1,12 1.45
8 ALTERNARIA 3+GONATOBOTRYS SIMPLEX 0000 0000 0 0

9 E. LINEATUM 0000 0100 1.14 0.37
10 E. LINEATUM (inject culm) 2022 3000 1.12 1.24
i1 E. LINEATUM (inject infl. st.) 5030 5050 2.25 2,49
12 PEYRONELLAEA SP. 0000 0OOO0O 0 0]
13 FUSARIUM 1' 0000 0O0COO O 0
14 FUSARIUM 2 2010 4020 1.06 1.42
15 FUSARIUM 3 0000 0O0OOO O 0
16 unidentified fungus #1 3040 5020 1.75 2.04
17 unidentified fungus #2 3050 1031 1.62 1.84
18 wunidentified fungus #2 (inject culm) 0000 0000 O 0
19 CONTROL 1 6000 0O0OO0OO0C O 0
20 CONTROL 2 0303 0403 1.62 1.76
21 CONTROL 3 0000 OO0OO0OO0O O 0
22 CONTROL 4 0000 0000 o0 0

*%
spray inoc. unless otherwise stated
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APPENDIX 4.3

Expt. VI THE TFUNGAL FFREQUENCY (Cf: Fig.4.3)
(EXCLUDING MUC.)

NO. OF HALF

SEEDS PER SAMPLE ST.
ISOLATE** 2
(inoc onti azental l1ts.) OF 8 SHOWING DI{IE(‘)AN DEVI -
’ p p - THE PRESENCE °  ATION
OF FUNGI

REP I REP II

1 DRECHSLERA 1 0403 0515 2.25 2.25 %
2 DRECHSLERA 2 4567 8676 6.12 1.24
3 DRECHSLERA 3 2305 0657 3.50 2.67
4 DRECHSLERA 4 0042 0002 1.00 1.50
5 D. BICOLOR 3040 1020 1.25 1.58
6 ALTERNARIA 1 5334 4412 3.25 1.28
7 ALTERNARIA 2 7110 2030 1.75 2.37
8 ALTERNARIA 3+GONATOBOTRYS SIMPLEX 0101 1200 0.62 0.74
9 E. LINEATUM 0106 0405 2.00 2.56
10 E. LINEATUM (inject culm) 2623 2785 4.37 2.44
11 E. LINEATUM (inject inf. st.) 4568 3835 5,25 1.97
12 PEYRONELLAEA SP. 0000 0000 O 0 -
13 FUSARIUM 1 6658 6837 6.12 1.64 o
- 14 FUSARIUM 2 5140 2060 2.00 2.06
- 15 FUSARIUM 3 4001 3140 3.00 1.19
| 16 unidentified fungus #1 1112 1111 1.12 0.34
17 wunidentified fungus 2 1000 4010 0.75 1.38
18 unidentified fungus #e (inject culm) 2 050 5030 1.87 2.23
19 CONTROL 1 . 7514 0813 5.00 3.66
20 CONTROL 2 3527 0555 4,00 2.20
21 CONTROL 3 0010 1000 0.25 0.45
22 CONTROL 4 8080 8080 4.00 4.27
. spray inoculated unless otherwise stated




Expt. VI and II

ZERO
DEgiEES ORDER
CORR.
FREEDOM COEF.
20 0.42941

Expt. VI and II

20 0.06484

Expt. VI and IIX

20 0.08663

*

APPENDIX 4.4

CORRELATION COLITIFICIENTS
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MEAN BACTERIAL FREQUENCY (CE: Fig.4.1 )
AND SEED GERMINABILITY
SIGNIF. SIGNIF. " SIGNIF. SIGNIF.
AT 10% AT 5% AT 1.0% AT 0.1%
NIFI- ) NIFI~ ) NIFI- - NIFI- )
CANCE CORR. CANCE CORR. CANCE CORR. CANCE CORR.
COEF. COEF. COEF. COEF.
+ 0.3598 + 0.4227 - 0.5368 - 0.6524
MEAN MUCORALEAN FREQUENCY (CEf: Fig.4.2 )
AND SEED GERMINABILITY
- 0.3598 - . 0.4227 - 0.5368 - 0.6524

MEAN‘FUNGAL FREQUENCY
(Excluding Mucorales)
AND SEED GERMINABILITY

- 0.3598 - 0.4227 -

+ =

(Cf: Fig.4.3 )

0.5368 - 0.6524

Significance; - = Nonsignificance




Expt. VI and-II

ZERO
D
ESEEES ORDER
croppoy  CORE-
COEF,
20 0.01423

Expt. VI and II

20 0.42039

Expt. VI and II

20 0.07569

*

APPENDIX 4.5

CORRELATION COLEFFICIENTS

MEAN BACTERIAL FREQUENCY

AND SEED YIELD

SIGNIF. SIGNIF. SIGNIF.
AT 10% AT 5% AT 1.0%
+s7g- LOWEST .. LOWEST .. LOWEST
NIFI- S NIFI- SiC: NIFI- S16-
CORR. CORR. CORR.
CANCE COEF. CANCE COEF. CANCE COEF.
- 0.3598 - 0.4227 - 0.5368
MEAN MUCORALEAN FREQUENCY
AND SEED YIELD
+ 0.3598 - 0.4227 - 0.5368
MEAN FUNGAL FREQUENCY
(Excluding Mucorales)
AND SEED YIELD
- 0.3598 - 0.4227 - 0.5368

+ = Significance; -~ = Nonsignificance

24 4
SIGNIF.

AT 0.1%
«g7G. LOWEST
Nipr-  SIG.
cnncg CORR.
COEF.
- 0.6524

(C£: Fig. 4.4)

0.6524

0.6524




Expt. VI and-II

DEGREES
OF
FREEDOM

20

ZERO
ORDER
CORR.
COEF.

0.01483

Expt. VI and II

20

0.23138

Expt. VI and II

20

0.04857

*

APPENDIX 4.6

CORRELATION COEIFTFICIENTS

MEAN BACTERIAL FREQUENCY

AND LESION INDEX

SIGNIF.
AT 10%
L
#5176~ LOWEST
NIFI- )
CANCE CORR.
COEF.
- 0.3598

SIGNIF.
AT 5%
*STG- nggST
NIFI- CORé
AN .
CANCE COEF.
- 0.4227

SIGNIF.

AT 1.0%
NIFI- CORﬁ
NCE :
CANC COEF.
- 0.5368

MEAN MUCORALEAN FREQUENCY

AND LESION INDEX

- 0.3598

- 0.4227

- 0.5368

MEAN FUNGAL FREQUENCY

(Excluding Mucorales)

AND LESION INDEX

- 0.3598

+ =

- 0.4227

- 0.5368

Significance; - = Nonsignificance

SIGNIF.
AT 0.1%
NIFI- CORR
CANCE COEF.
- 0.6524
- 0.6524
- 0.6524
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APPENDIX 4.7

DORMANCY STUDIES

The After Ripening of Wild Rice Seed

The dormancy of wild rice seed prevents the immediate

use of new seed for experimentation in the fall. It has to
be stored in conditions of water saturation for about

4% to 5 months before appreciable quantities can be ger-

minated. This was demonstrated in the following experiment.

Wild rice seed (Algot Johnson strain) was obtained
from the tillers of greenhouse grown plants. It was divided

into 2 samples and stored under different conditions.

Sample 1
Ten 100 g subsamples in water in sealed polyethylene

bags were frozen by storage in a freezer at ~-10°C.

Sample 2

2000 g were stored in tap water at 2°C in a poly-

styrene tank.

Approximately 150 seeds were withdrawn from each sample
for germination tests at intervals. Each seed sample was

divided in 4 glass petri plates containing nonsterile tap

water, 35 to 40 seeds per plate. The plates were incubated

|
I
!
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in a growth chamber with a 14 hour day of incandescent and
florescent lighting at 22°C and a night temperature at
17°c.  After 10 days the samples were removed and their

germinabilities determined by counting the number of ger—

minated and ungerminated sceds.

None of the seed stored in ice germinated at any time
during the experiment. However, sample 2 showed progressive-
ly better germinability with each germination test. The

results are presented graphically in Fig. 5.

It is probable that storage in ice resulted in
dehydration of the seed and consequently a loss in viability.
The very high germination rate reached after 7 months
storage was not expected, however. Less than 10 per cent
of the seed remained ungerminated. In natural stands it
has been assumed that a moderately substantial portion of
the seed remains dormant in spring for a further 12 months.
The fact that wild rice stands are known to recover in the
following season after plants in the floating leaf stage
have been killed by flooding in early spring (p. 83 ) provides
circumstantial evidence for the presencé of reserve dormant
seed for growth the following year. It is conjectured that
the Algot Johnson strain of wild rice used in this experi-
ment may differ from the natural varieties in this respect,
unless in natural stands less than 10 per cent is enough to

ensure growth the next season. Alternatively, the strong



FIG. 5.1

The germinability of wild rice seed samples (Algot Johnson

type) after-ripened in water and ice for various storage

periods.
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FIG. 5.1
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lighting conditions in combiﬁation with the idecal tempera-
tures may have in some way caused germination of seed which
under natural conditions might have remained dormant. In
nature the seed is commonly buried partially or completely
in lake floor mud in conditions of relatively‘poor light
and in temperatures which fluctuate relatively slowly.
This buffering effect afforaed by the ambient mud and lake
water contrasts with the experimental conditions where the
transition from dormancy to conditions of seed growth
amounted to a temperature and ligﬁt shock treatment. 1In
view of the findings by the author concerning the ultra-
sonication of wild rice seed, it is likely that the
temperature shock treatment is an important factor; it is
possible that a light factor related to the activation of

seed phytochrome may also be operative.
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