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INTROQDUCTION

The livestock industiry in New Zealand i1s based on
a pastoral farmling economy, an important aspect of which 1s
the utilisation of fodder crops as supplementary fged during
seasons of poor pasiure growth. Playing an important role

n this regard are the two selectltions of choumpellier

(S8

(Brassica oleraces var. acephala D.C.} usually referred to
acepiaa 7

as gliant choumoellier and medium stemmed choumoellier,

The growing importance of choumoellier in feed crop rotations
is indicated by the increased area sown, from &,000 acres in
1933 to 130,000 acres in 1963 (lew Zealand Farm Production
Statistics, 1362-63). In the past, choumcellier seed has
been imported Irem the United Kingdo@y but wmore recently

the trend has been to promote locally zgrown Seed, At the
present time WHew Zealand's requirements are met in most years
by South Island growers producing seed under the authority of

& Government seed certification scheme.

In discussing brassics crops in New Zealand, Palmer
(1966) stated that - "apart from westher variations, the main
uncontrollabnle causes of yield variations are fungus diseases,
insect pests and associated virus diseasez"”, Seven fungus
diseases are recorded in Hew Zealand on choumoellier (Table 1),

five of which are evidenced by foliage lesioning in field

stands.



on chioumoellier in New Zealand

TABLE 1
Pathogenic fungi recorded
|
Pathogen Autheority
* 4liernaria brassicicola {(Schw.)iwiltg, Brien and Dingley, 1357
* Alternaria brassicse {(Berk.)Sacc. Horton, 964
* Peronospora parasitica (Pers.)Tul. Brien and Dingley, 1959
* Phoma lingum {(Tode ex Fr.)Desm. tfeill and Brien, 1923
* lycosphaerella brassicicola (Fr. Lind. Brien, 1939
Sclerotinia sclerctiorum (Lib. )Hass, Cunningham, 1827
Cunningham, 1G22

Plasmodiophora brassicae Yoron.

Preliminary suvrveys in the Hanawatu established that

lesaf infections caused by A.brassicae and A.brassicicola are
pd

prevalent and on the basis of the extent of the disease

development these two fungi are considered to be of soume
igance in affecting yields of local choumoellier crops.

signifi
crops (Jeimer, 1924, 1926;
19593

Both pathogens are world-wide in distribution and hsve been
McBonald,

studied on a number of hrassica
Rangel, 1945; Domsch, 1957:
eneral, published work reveals

Neergaard, 1945
Changsri and ieber, 1963). In 3
both species to be seed-borane and freguently of economic
significance in :
cause Ffoliage symptons

* Species which



{a} ceusing seed and seedling death ané thereby

considerably affecting stand establisiment;

(b) directly reducing yields in seed crops by

infecting siliguas and seed.

Tc the author's knowledge there has been no formal
study conducted on the seed-borne nsture of the pathogens in
choumoellier, but seed health surveys reporied in the 1963
and 1964 annual reports of the Government Seed Testing Station
(Palmerstoa North), show that the Alternaria species were
present in a high percentage of the seed lines screened, thus
indicating the prevalence of the diseases in choumcellier

crops in this country.

In view of the lack of detailed research relating
to the seed-borne nature of both pathogens in choumeoellier
seed, and the Tfact of both fungi being recorded in a hig
percentage of Mew Zealand seed lines, studies were undertaken,

the main objectives of which were 1

(i) +to determine the extent fto which both pathogens are

azsoclated with New Zealand certified seed lines;

{ii) to investigate the significance of A.brassicae

and A.brassicicola in causing seed bed losses;

(iii) to investigate the role of both pathogens in causing

reductions in yields of choumoellier seed crops;



(iv) to critically examine methods of health screening

for A.brassicae and A.brassicicola in brassica

seed.



CHAPTER I

IDENTIFICATION CF TH:S ALTERWNARTIA

PATHOGENS ON CHOUMOEILLIZE



A. INTRODUCTION

Two species of Altermaria distinguished primarily on the
basis of spore size and beak characteristics have long been recognised
as pathogens on crucifers., There has been considerable confusion as
to the correct nemenclature of the two species, but the matier has been
resolved by VWiltshire (1947) who established the correct binominals as

A,brassicicola for the small spored fungus, and A.brassicae for the long

beaked large spored species. Wiltshire {1947) also revised the
descriptions of the two species, and both have been the subject of

detailed studies by Groves and Skolko (1944), and Neergaard (1945).

In the present work initial studies were concerned with
estahlishing the identity of Alternaria isclates from choumoellier seed

and foliage as A.brassicicola and A.brassicae.

B, MATERTALS AND METHODS

1e Measurement of conidiophores

Discs approximately 3 mm in diameter were punched from foliage
lesions and placed on glass slides in Petri dishes containing moistened
filter paper to provide a high humidity chamber. After 48 hours
incubation at 24°C the tissue pieces were transferred to mounting fluid
on a slide and a cover slip gently lowered over the disc, Conidiophores
arising from the perimeter of the lesioned tissue were measured using an

eyepiece micrometer.



2o Measurement of conidig

Cenidia produced on host material and malt agar were
measured, Spores were harvested from host material after incubation
of leaf lesions under high humidity conditions for 48 hours at 24°Ce
Conidia produced on malt agar were taken frem a position approximately
1 cm from the perimeter of a 10 day colony grown at 24°C. A dilute
spore suspension was prepared in each case to ensure ready measurement
of all spores in any one field. By systematically altering the
position of the mechanical stage measurement of spores more than once

was avoided.

Se Cultural studies

Throughout the study both pathogens were grown on malt
agar (MA) and potato dextrose agar (PDA). Details of the preparation
of media are presented in Appendix 1. Observations on cultural

characters are based on the study of many isolates of each species.

L, Temperature and colony growth

The effect of temperature on colony growth was studied
using monosporous isolates on Petri dishes of HA. & dilute spore
suspension was prepared and streaked over the surface of agar slides
and incubated at 24°C. Ten hours later the slides were microscepically
examined and single germinating spores were transferred to the centre
of Petri plates containing approzximately 20 ml of MA. The isclates
were then incubated for 14 days at a series of temperatures ranging

from 5 to 37°C.

Brancato and Golding (1953) established that colony diameter



7o

is a valid measure of the effects of environmental factors and this
criterion has been used throughout the study. Colony growth was
measured for six isolates per treatment by taking the average of two

diametrical measurements made at right angles to each other.

Se Spore germination and penetration

Spore germination was studied on agar slide preparations.

Microscope slides were wiped with alcohol and flamed. A
film of water agar was then run over the surface of the slides using
a 10 ml pipette, Yater agar proved the most favourable medium in
minimising contaminant problems while providing a moist substrate
for germination. The prepared slides were placed in Petri dish high
humidity chambers containing a filter pad moistened with steriie
distilled water. The plates were incubated for one hour prior to
inoculation %o ensure equilibraticn with the incubator temperature.

S31lides were renoved and examined at 10 minute intervals.

Leaf penetration was investigated using excised leaves

from an eight week o0ld choumoellier plant.

The 1id of 2 9 cm Petri dish was placed in a 14 cm dish to
form a raised platform and approximately 35 ml of water flooded around
the base. A wad of molstened cotton wool was wrapped around the
petiole of the excised leaf and placed in the "moai® to form a wick
which assisted in the maintainance of leaf turgidity. The leaf blade
was positioned con the platform so as to prevent contact with the water

and the upper surface inoculated by streaking with a spore suspension

of the respective pathogens, After an incubation period of 2 hours



at 24°C the leaves were removed and cleared in a 1:1 solution of
glacial acetic acid and 95% alcohol {(Latch and Hansen 1962).
Following a rinse in a beaker of water the leaves were stained with
lactophenol cotton blue for four minutes. Bxcess stain was removed
using a wash bottle and areas of the prepared leaf mounted on water
agar slides for microscopic examination, The presence cf the agar

was found to prevent rapid drying out of the tissue piece.

C. RESULTS

1 A.brassicae

(a) Conidiovhores

The conidiophores were light olive in colour, generally
unbranched, upright, septate, with 10 - 25 /u between septa. They
were 2,5 - 10.0 ,u in diameter, extremely variable in length (10 -
200 /u), cylindric but often tapering to a slightly swollen base and
with well rounded apices and a prominent apical pore.

(b) Conidia

Conidia were obglavate, long beaked, usually straight but
sometimes curved, constricted at the septa, genrerally smooth but in
some cases slightly echinulate and of a light olive to gold~brown

colour.

Conidia from host material were 60 - 220 su long (Figure 1)
and 7.5 -~ 30,0 /Y wide (Figure 2). The majority oi spores were
transversely septate with & - 1% septa, but longitudinal and obligue

septa {1 - 6) were also present in many conidia, Beak length varied



between 12.5 - 32.5 Ve (Figure 3), with up to six transverse

septa (Table 2).

Conidia produced on MA varied in length from 57.5 /u to
237.5 /M (Figure 1), and in width from 10 Ve to 35 /u (Figure 2).
Beak length ranged from 12.5 to 107.5 /u {(Figure 3}, with O - 7
transverse septa (Table 2). Spores exhibifed longitudinal and

oblique sepia (Table 2).

(¢} Cultural characters

Young ceolonies appear as a filuffy white growth with lcose
cottony aerial mycelium 1 - 2 mm from the surface of both malt agar
and PDA. With age,colonies develop a tea-green to deep olive colour
as sporulation occurs but often retaining the fluify white centre,
and usually with a perimeter of hyaline to greyish-olive subrerged

mycelium which gives a whitish halo effect (Plate 1).

Growth was generally faster and sporulation more prolific
on PDA, Plates expesed to 12 hour alternating dark and 1ight cycles
exhibited conidial formation in a series of concentric rings which
gave an overall "target board" appearance to the colony. On MA
aerial mycelium was more abundant, and in many cases resulted in a

greyish-olive to white colony.

Cultural degradation cccured in stock cultures as evidenced
by sub-isolates bearing little resemblance to the pzrent colonies,
with a wmarked reduction in the capacity to sporulate. For this reason

it was necessary to obtain fresh isolztes from host material.
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(d) Temperature and colony growth

Growth occurred between 500 and 2500 with the maximum
occurring at 22% (Figure 7). Howesver, at 28°¢ only three plates
were recordable due to contamination and the steep decline of growth

indicated at this point must be regarded with reservation.

(e) Spore germination and penetration

Spore germination was rapid on water agar slides. Germ
tubes were first apparent after an incubation period of % hour and
were well established after three hours {(Figure 4). They were 1,0 =
5.0 /u in diameter, septate, and often branching. i longitudinal
or oblique septum was frequently observed in the cell from which the

germ tube emerged. Many cells of the one conidum produced germ

tubes including the terminal hody cell and beak cells.

Leaf penetration occurred only through stomata (Plate 3);

in no instance was direct leaf penetration observed.

Ce f.brassicicola

(a)} Conidiophores

Conidiophores were olivaceous, 2.9 - 5.0 /u in diameter,
cylindric but often tapering to a slightly swollen base,; variable in
length (5 ~ 300 /u) with a prominent apical pore at the rounded
terminal end {(Plate b4), septate, 3 -~ 50 Ve between septa, often branch-
ed, fasciculate but rarely geniculate. Frequently a septum vwas
delimited immediately above the point of bifurcation and anotiner

separated the new conidiophore soon after branching (Plate 4).



{b) Conidia

Conidia were olivaceous to dark brown in colour,; formed
in chains of 1 - 25 which were often branched, smooth, not beaked
but with a short cone-like apical cell which was generally lighter
than the rest of the spore (Plate 5). The spore body was obclavate

to oblong with marked constrictions at the septa.

spores harvested from host materizl were 15 - 70 /u long
(Figure 5), 5 - 15 /u wide {(Figure 6) with 1 -« 9 transverse septa
(Table 3). The majority of spores were without longitudinal septa

but occasionally socme were observed with 1 or 2 such septa.

The dimensions cof spores on MA were 12.5 - 50,0 by 7.5 -
15.0 /u (Figure 5), with 1 - 7 transverse septa. Longitudinal septa
were rarely observed, Conidia produced in culture showed greater
uniformity in shape and size {(Figure 5), were generally cylindric to
oblong rather than obclavate, and with readily visible pores in the

cross walls.

{¢) Cultural characters

Young colonies on MA and PDA were deep olive in coleour
with a perimeter of hyaline to greyish~white submerged radiate
mycelium (Plate 1). Conidial production was prolific, often feorming
concentric rings on the agar. Growth was slower on malt agar and
aerial mycelium, although sparse and cottony, was in greater evidence
on this medium. Colonies darkened with age to an olivaceous black
colour, with the profuse conidial production giving an overall

velvely appearance.



(d) Temperature and colony growth

Growth occurred between 500 and 3200 with a maximum at

22°C (Plate 6).

(e) Spore germiration and penetration
Spores germinated readily on water agar at 24°¢c (Plate 70
but the initial appearance of germ tubes was 2 -~ 3 hours slower than

fer A.brassicae. Germ tubes were 1.0 - 2.5 /u in diameter, usually

unbranched, septate, with anastomosis of adjacent germ tubes freguently

occurring. Such anastomosis was rarely observed for A.brassicac.

Penetration was both direct and by way of stomata, the
former being more frequent (Plate 7 e Aszoclated with direct pene-=

tration was the formation of distinci appressoria and penetration

PEBS.

D, DISCUSSION

The range of spore measurements recorded in this study
fall within the limits reported by previous workers for the two
pathogens (Table ), and agree with the detailed measurements tabulated
by Neergaard (1945) (Tables 4 and S5}, Further, cultural and
morphelogical characters correspond to the descriptions and figures
presented by Neergzard (loc.cit), Groves and Skolko (1944) and
Wiltshire (1947), Temperature growth relationships on culture media
compare favourably with those recorded by Neergaard {(loc.cit.) and
reproduced in Figure 8. The observations on leaf penetration made

in this study confirm the findings of Changsri and Weber (1963);



they also found stomatal penetiration to be characteristic of

A.brassicae while A.brassicicola exhibited both stomatal and direct

leaf penetration.

In view of these results it is concluded that the two

species of Alternaria under study were in fact A.brassicae and

A.brassicicola.
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Spore dimensions of f,brassicicola
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TABLE 5

Previeusly recorded spore dirensiens of A.brassicicols
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Plate 1

A.brassicae

A.brassicicola

Colony characteristics of A.brassicae and A.brassicicola




A On PDA

B ~D Stages of conidial formation on
host material



Plate 2

Conidial production by A.brassicae




Plate 3

Leaf penetration by A.brassicae
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Plate &4

Conidicphore characteristics of A.brassicicola




Chain formation on PDA

Characteristics of spores from
host material

Conidial apical cone



Plate 5

Conidial characteristics of A.brassicicola
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Plate 6

Temperature effects on colony growth

(Growth measured after incubation for
1% days on HMA)



Spore germination on water agar

Stomatal penetration
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Stomatal penetration

Developing lesion
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Speore germination and penetration by A.brassiciccla




CHAPTER II

ALBRASSICAE AND ALBRASSICICCLA

AS SEED-BORNET PATHOG=NS



A, INTRODUCTION

Overseas workers have shown both A.brassicae and

A.brassicicola to be present in brassica seed lines., For

example, Neergaard (1945) found more than 90% of the 746 cabbage

seed samples analysed between 1935 and 1941 to have A.circinans

{(Berk, and Curt.) Bolle (1924) (syn. A.brassicicola) present.

In England, Schimmer (1953) found "infection was 96-100% in

19503 31% in 1951; and 63-77% in 1952" in summer cauliflower
seed harvested from crops raised under glass. In a series of
referee tests conducted under the supervision of the International

Seed Testing Association (I.8.T.4.) in 1958, A.brassicicolz was

shown to be present in samples of cabbage (B.oleracea var. capitata L.)
brussels sprouts {(B.oleracea var. gemmifera D.C.) and red cabbage

(Table 8).

The work of McDonald (1959) has demonsirated the seed-
borne nature of A.brassicae in cruciferous crops. On examination
of 25 seed samples of rape (B.nagus L.} he found infections of up
to 4% in 14 lines.

In New Zealand, pathogenic species of Alternarig have
been shown to be present in commercial lines of choumcellier seed.
Screening trials conducted at the Government Seed Testing Station,

Palmerston North (G.S.T.S.) in 1963 and 1964, revealed the

presence of A.brassicicola in a large percentasge of the 128 seed

samples tested (Table 9). A.brassicae was associated with sonme

lines, but was less prevalent than the small spored species (Table 10).



TABLE 8
1.S.T.4, health fests on distributed samples of brassica seed
(1.S.T.A., 1958)
Sampls Test methad Mean infection ¢
with Agbrassicigola
2, Cabbage 2,1 - Blotter 3
Agar plate 2
Blotter 1
b, Brussels sprouts 2,40 =~ Blotter 22
Agar plate 33
Btotter &9
¢. Red cabbage 2,0 - Blotter A
Agar plate 4
Blotter 15

27,



TABLE 9
Prevalence of A.brassicicola in choumseilier seed
1ines screened at 0.5.T.S.
Al 3
Year f-ogcﬁ:eégges o, of send lines with an inTection of o & &
of 1-5% 610 11-15% 16=20%
1963 30 0 19 8 z 1
1564 98 37 63 3 0 0
TABLE 19
Prevalence of A,brassicae in choumoellier seed
tines screened at 6.5.T.S.
Ho. of lines . . s e 4.
Year screened No. of seed lines with an infection of , , .
0% <15 12 2-3% 459 143
1962 30 23 5 0 z 0 0
1964 98 o0 Q b 0 1 1

bb
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In instances where diseases are seed-borne, the nature
of the assoclation between pathogen and heost varies, but two

broad categories are generally recognised :

(1) seed infection - where mycelium is established
within the seed coat, embryo, or other seed

tissue;

(ii) seed contamination -~ where spores or mycelial
fragments adhere to the seed coat, or are trapped
within the surrounding bracts, as in cereals and

gErasses.

Rangel {(1945) studied Alternaria snszcies on crucifers

and showed that seed-borne inoculum of both A.brassicae {Berk.)

Sacec. {syn. A.brassicicola) and A.herculea (Ell, and Mart,)

Zllioct, {syn. A.brassicae)} may occur both as latent mycelium in

the seed and as spores on the seed coat. His studies included
investigations on kale (B.oleracea van viridis L.) seed and by
a series of surface sterilisation experiments he demonstrated

the presence of seed infection.

In view of the apparent lack cf detailed research on

the seed-borne nature of A.brassicae and A.hrassiciceolz in

chounoellier seed, the following areas were investigated :

(i) surveys were conducted to determine the prevalence
cf the twe pathogens in lew Zealand certified
choumeellisr seed, and the nziture of their asscociation

with seed;



(ii) studies on the viability of seed~borne inoculum

{(iii) the effects on germination of the elimination of

A.brassicicols from seed.

B. HMATERIALS AND METHCDS

The following refers to materials and methods common
to this chapter; those relating to specific experiments are

detalled in the appropriate sections.

To Seed sampling method

All seed lines tested were obtained from the G.S5.T.5.
and were lines submitted tec them for purity and germination tests
as a certification requirement. Following vigorous agitation
each sample was spread cver a sheet of paper and sub-divided
using the straight edge of a ruler. Sub-dividing in this

I

manner was continued until a sub-sample of approximately % gm

was obtained, This constituted the final sample for testing.

2e Suriace sterilisation of sszed

Test samples were sub-divided and approximately half
of each placed on muslin sguares which were closed with an
identification band to form a loose bag. These were then briefly
dipped in tap water and gently squeezed to remove alr locks

before immersion in the sterilant chemical,.
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(a)} Mercuric chloride treatment

The seed bags were immersed in a solution of 0.001%
mercuric chleoride for 10 minutes (MclLearn 1947), rinsed in three
washes of sterile distilled water, after which the seed was

spread between filter pads to dry.
{b) Sodium hypochlorite treatment

The seed bags were firsi dipped in 70% alcohol prior
to immersion in a sodium hypochlorite soclution (1% available
chlorine) for 10 minutes (Matthews 1965). Drying was again

carried out between filter pads.

3 Germination tests

Three 100 seed replicates for each line were incubated
on moist germination pads (25 seeds per pad at # inch seed
placements centres). To overcome seed dormancy the blotters
were moistened with a 0.2% solution of potassium nitrate at the
beginning of the test. They were then incubated under plastic
high humidity covers at an alternating BOOC day, and 1800 night
temperature cycle. Routine germination counts inveolving the
renoval of healthy seedlings were carried out by a G.S5.T.5. seed
analyst. Counts were made at 3 days and 7 days (interim) with
a final count at 10 days. The germination percentage of =
line is the average of the 10 day recording fer 3 x 100
replicates, Percentage figures are also recorded for dead seed
and abnormal seedlings. According to the rules of the I.S5.T.A.

{1966), a seedling is considered to be abnormal if it exhibits :



(i} damage to essential structures;
(ii) deformity or unbalanced development;
(iii) decay or disease arising from seed infection;

{iv) cotyledon development from the micropyle, or radicle
development from a part of the seed other than the

micropyle.

4, Hot water treatment of seed

Hot water treatment was carried out by immersing loose
muslin bags containing the seed in a thermestatically controlled
water bath (Plate 8) for a specific exposure period. A
mechanical agitator kept the water constantly in motion,; and
the muslin bags were suspended in a wire mesh basket to prevant
blockage of the circulatory system. Following treatment the
seeds were cooled by plunging the bags inte celd water, and air

dried.

Se Moisture tests

Samples were weighed before and after drying for two
hours at 10300 in a Wilco oven. Longer drying periods have
been found to cause the distillation of oils in certain seeds

{Hill 1966},

G. INQCULUM ASSOCIATED WITH SEELED LINES

1a Seed infection

The extent to which New Zealand certified choumoellier



Plate &

Apparatus used in hot water treatment of seed

(Grant instruments type SV2)
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seed is infected with the two pathogens was studied in a survey
conducted during 1965 {40 seed lines) and 1966 (25 seed lines).
This work in effect was a continuation of the G.S8.T.S. surveys

of 1963 and 1964 and thus the combined results furnish information

covering a continuous four year period.

The survey method was essentially similar to that
used at the G.5.T.S5. and involved plating of surface sterilised
seed to MA. Ir the Szed Testing Station experimsnts, Matthews
(1965}, used a scdium hypochlorite solution (1% available chlorine)
as the sterilant material. However with the constant need for
standardisation of this solution over the survey period an
alternative mercuric chloride method was used as recommended by

Mclean (1947),

RESULTS AND DISCUSSION

The results presented in Table 11 show that A.brassicicola

%as present in a high percentage of seed samples in both years,

to the extent of 72.5% in 1965 and 72% in 1966, A.brassicae

was present in a few lines (21% in 1965 and 32% in 19663, but in
all cases at low infection levels (Table 12). These results are
essentially similar to those of the G.S5.T.S. surveys {(Tables 9

and 10)0

Surface sterilisafion as a pre-treatment before plating
seed was a necessary practice to remove contaminating saprophytic
fungi which grew rapidly on artificial media, masking the growtih

of the Alternaria pathogens. Such a treatment also eliminated



by

TABLE 1
The prevalence of A.brassicicola in choumoelifer seced lines
screened in 1965 and 19646
Year No. of lines Ho, of seed lines with an infection of . « &
screened
0 1-5% 6-10% 11157 16-20%
1965 40 1 23 5 1 D
1966 25 7 15 3 0 0
THBLE 12
The prevalence of A.brassicae in choumoellier seed lines
screened 11 1965 and 1966
Year No, of Llines i6s.0F seed Lines nith an infection of 5 o o
screened
};‘1 ™,
0 [<if %] 23 b5
1965 40 33 i 3 0 0
1966 25 17 L A 0 0
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contaminating spores of pathogenic species and hence the

.results expressed above pertain to seed infection only.

2w Seed contamination

In general, metheds used for the assessment of seed
contamination invalve recgovery of the contaminating elements by
agitating a seed sample in water and concentrating the dissociated
spores by centrifuging. The relative numbers of contaminating
spores may then be estimated using a measuring apparatus such as
a haemocytometer, or by application of the spore suspension to
a growing planit and recording a relative infection index. There
are however certain inherent limitations in such Ycentrifuge"
techniques for estimating seed contaminants. In a speore count
system no differceniiation can be made between viable and dead
spores. Further, the estimate per ml of ©The spore suspension
has to be related Lo the number or weight of seeds treated, and
if an average inoculum load per seed or per unit of seeds is
assigned, 1t must be assumed that incculum is evenly distributed
throughout the sample. {hile a pathogenicity method involving
inoculation of plants does select for vigble spores, the resulis
overstate the importance of such inogulum when asscociated with
seed. The application of spores to a leaf surface under high
humidity conditions gives all spores an equal chance to germinate
and infect, whereas spores present on seed coats are less likely

to make direct ccntact with growing tissue.

In the present work, screening for seed contamination
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was carried out using the following method which overcame sone

of the azbove difficulties.

Method

Three replicates of 100 seeds from each of 16 low
germinating lines were subjected to a standard germination test.
At the conglusion of the test dead seed and abnormal seedlings were
retained and investigated for the presence of the Alternaria
pathogens by microscopic examination and isolation to PDA
slopes. The results obtained are an expression of seedling
attack resulting from both seed-borne infection and seed-borne
contamination by the pathogens. It was reasoned that if a
higher percentage of infection with the Alternaria species was
recorded by this method than by using the agar method, then the
difference could be attributed to seedling attack by contaminating

pathogenic elements.

RESULTS AND DISCUSSION

It is evident from the difference between results
obtained using both methods {(Table 13), that considerable numbers
of contaminating spores and myceliazl fragments potentially
capable of causing seedling infection are eliminated by surface
sterilisation, In all of the 16 lines tested a considerably
higher percentage infection was recorded for the pathogen

A.brassicicola by examination of the dead seed and abnormal seed-

lings from a germination test.

It is possible that secondary infection as a result



TABLE 13

Percentage of infected seedlings resuiting from contaminating

inocu tum

Seed Line % pathogens recorded on examination ¢ pathogens recorded by the Difference between methods (%)
o, of dead seed and abnorral seedlings agar plate method
Apbrassicicola Agbrassicae Anbrassicicola A brassicae Aubrassicicola A.brassicae
1 26,66 2.0 11,3 0.6 1503 1ok
2 11,6 0.3 9.3 1.0 23 ~ 0,7
3 9.3 0.2 3.3 0,3 3.3 0.0
L 20,0 0,0 bob 0.0 1504 0.0
5 .6 0.3 4.0 0.0 Tob 0.3
6 7.0 0.0 4.0 0,0 3.0 0,0
7 16,0 0.0 5e6 0.0 10,4 0.0
8 16,0 0,0 6.3 0.0 9.7 0,0
9 1146 0.0 2.0 0.0 9.6 0,0
10 8,3 0,0 Jab 0,0 4,7 0.0
il 11,9 0.0 Ba0 0,0 509 0.0
1z 1,6 0,3 246 0.0 99.0 0.3
13 10.6 0.0 143 0,0 9,3 00
14 16,0 0.3 560 0.0 9.0 003
15 o3 2.0 o3 0.0 Ry 0.0
16 13,3 0.0 366 0.0 967 0.0

e
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of contact between healthy seedlings and neighbouring diseased
seedlings may have occurred, in which case the results would be
biased in favour of the germination test. As against this, 1t
coculd alsc be argued that many seedlings which were removed
during interim counts in the germination test may have developed
symptoms by the time the test was terminated, had they remained
on the blotters until the final count (a further three days).
However, it seems reasonable te regard the results obtained as
indicative of seedling infection caused by both contamirating

and infecting imoculum.

D, VIABILITY QF SEXED-BORNE INOCULUM

Having demonstrated the presence of Alternaria species,

particularly A.brassicicola, in choumcellier seed lines it was

desiraole to investigate the longevity of this incculum in
stored seed. For the pathogens to be significant in seedling
energence the inoculum must retain its viability for a period at

least eguivalent teo the interval between harvest and sowing.

Spores of Alternaria species have been shown by previous
workers to be capable of surviving for long periods. Rangel

{1845) found the spores of A.brassicicola to retain their viability

and pathogenicity for more than six momths. Hill (1965) has
demonstrated the viability of contaminating spores of Alternaria

zinniae Pape on seed on Zinania elegans Jacg. for up to 2% years,




and seed infections for over three years. In the light of this

evidence it seemed likely that seed-borne incculum of A.brassicase

conld also remain viable for considerable periods in stiored seed.

Te Seed infection

Seed samples cobtained from lines harvested in the
1963, 1964 and 1965 seasons were tested for the presence of both
Alternaria species. iihere possible, lines were surveyed which
had been previously tested by Matthews at the G.5.T.5., thus
enabling a comparison of results before and after storage. For
this reasecn the surface sterilisation technique utilizing sodium
hypochlorite (1% available chlorine) as used by Matthews (1965)
was employed. Three hundred seeds per line were so treated and
incubated for six days at 24°Cc on MA. The results for surveys
made before and after storage are presented in Tables 1%, 15 and

16.

RESULTS AND DISCUSSION
Although no comparative results are available for the

1963 lines tested, it is apparent that A.brassicicola can survive

as viable infections in seed tissues for a period in excess of
three years. A drop in the number of seeds infected in a line
occurred following a two year storage period and in many samples
this represented two thirds of the originally recorded infection
percentage. A smaller but cconsistent drop cccurred in infections

recorded over a one year storage interval.

A.brassicae was not isolated from any of the lines




TABLE 14

Viability of seed infections after 3 yeas 4 months storage

(Seed harvested in 1963)

Seed line infection % recorded
No. in 1966
A.brassicicola A.brassicae

T i 0.00 0,00
T 2 0,00 0,00
T 3 0,00 .00
T 4 0,00 0,00
T 5 0,66 0.00
T 6 0,00 0,00
T 7 0.00 0,00
T g 0,66 0,00
T 9 1633 0,00
T 10 0,00 4.00




TABLE 15

Viability of seed infections after 2 years 5 months storage

Seed Ling lnfection  recorded in_the Infection & recorded
year of harvest {1964) in 1966
Hoa
A.brassicicola Asbrassicae A brassicicola A.brassicae
F 1 3,00 14,00 1,66 0,00
F 2 9,00 0,30 3033 a,00
F 3 6,30 0,00 1433 0,00
Foog 2,70 0.00 0,00 0,00
F 5 3,30 0,00 2,00 0,00
F & 3,30 0.00 166 0,00
F7 9,00 0,30 3,33 0,00
F 8 6,70 4,30 3,00 0,00
F 9 - - 1,66 0,00
F 10 - - 0.00 0,00
F 1l - - 2,00 0,00
F 12 - - 0.00 0,00

o
\n



TABLE 16

Viability of seed infections affer 1 year 6 months storage

Seed line Infection ¢ recorded in the Infection % recorded
o year of harvest (1965} in 1966
A brassicicota A.brassicae A.brassicicola f.brassicae
Fv 1 0.00 0,00 0,00 0,00
Fv Z 1,00 0,00 0,00 0,00
Fv 3 4,00 0,00 1,33 0,00
Fy 4 8,00 0.00 5.00 0.00
Fv 5 2,60 0,00 2,00 0.00
Fy 6 9,33 1,00 8.00 0,00
Fy 1 ko33 0,00 5,00 0,00
Fv 8 3,00 0,33 2066 0,00
Fv 9 6,53 0,00 2,00 0,00
v 10 0,00 0,00 0,00 0,00
Fv 11 6,66 1,66 2.66 0,00
Fv 12 6,66 0,33 4,33 0,00
Fv. 13 4,0 0,00 2,33 0,00
Fv 14 0,00 0,66 0,00 0,00
Fv. 15 2,00 0,00 2,33 0,00
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subjected to analysis in 1966, Although of the 37 lines

screened, only nine were known to be infected with A.brassicae,

the evidence sugpgests that this species is short-lived in seed.

That is, it would appear that A.brassicae is not likely to be

active in causing seedling infection at the time of sowing.

2a Seed contamination

Trials were carried out using the same seed lines
screened in the previous section, with the addition of 10 lines
harvested in 1966, The samples were investigated approximately

six months after the summer harvest periocd.

Initial trials to develop a method for demonstrating
the presence of viable contaminating inoculum in seed lines
involved the use of 2z membrane filter and graduated filter pads.
After filtration of a spore suspension obtalned from seed, the
pads were sprayed with agar and incubated under high humidify
conditions at 24°C for five days. It was hoped that the number
of viable spores per sqguare on the filters could be determined
by coclony counts. Unfortunately, the long incubation period
required for mycelial development of the pathogen also favoured
profuse growth of associated saprophytes which masked the presence
of the pathogens. Further experimentation led to the adoption
of an agar slide technicue enabling identification of individual

germinating spores hefore contaminants obscured the results.

KHethod

A 5 gm sample from each seed line was agitated for
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two minutes in 10 ml of sterile distilled water and the
suspension recovered by filtering through a wire gauze funnel,
The suspension levels in the test tubes were adjusted to a

common level and after centrifuging for 10 minutes at 1450 r.p.m.
approximnately 7 ml of the supernatant was decanted off. A 0.01
ml aligquet from the concentrated suspension was then applied to
a water agar slide preparation and spread over an area delimited
by two parallel lines drawn 1 cm apart on the under surface of
the slide, Ten fields were examined after incubation of the
slides under high humidity conditions for 2% hours. These

were taken at randem by focusing the low power objective on one
end of the slide betwsen the defined spore preparation limits

and moving the mechanical stage 4 mm along the horizontal axis
between readings. The number of germinating and non-germinating

spores per field was recorded for each species of pathogen.

RESULTS AND DISCUSSIOQN
All spores recovered from 1963 and 196% lines of
choumcellier seed were non~viable. Eight of the 15 lines of

1965 seed tested exhibited germination of A.brassicicola spores

on agar at an average ratio of one viable to seven non~-viable
spores. £11 of the 1966 seed lines tested (10}, showed the
presence of viable contaminating inoculum with an average ratio
of viable to non-viable spores of 1:4.5. From these results

it appears that spores of A.brassicicola can survive on seed

for 18 months, which is sufficient time to ensure their
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successful carry-over on seed from harvest lto sowing in the

next ssason.

A.,brassicae spores were chserved {0 germinate in

only one of the 10 lines tested in 1966. This would suggest

that A.brassicae is not capable of surviving between scasons

by means of spores adhering to the seed coat.

E. THE BFFECTS ON GHERWINATION OF ThHe ELIMINATION OF

A,BRA3SICICOLA FROM SEX

In seed~borne disesse two general situations exist

with regard to the effect of seed infection on seed health :

(i) where the embryo is killed at, or shortly after
the time of infection. That is, the seed embryo

is killed before a sowing 1s made;

(ii) where the embryo is not killed before sowing, but
may be attacked at, or scon after germination is

initiasted.

#limination of the seed infections of the first type
would not result in an increased germinstion percentage of &
line as exemplified by A.raphani Groves and Skolko, the cauze

of pod and stem blizht of radish {(Ravhanus sativus L.).
p f=) iy

McLean (1947) has shown that the factor responsible for low

germination of radish seeds was operative before the seeds



viere marketed, or even before they were harvested, Ee
found that although hot water treatment of low germinating

. - o R o . .
lines c¢f seed for 25 minutes zt 50°C eliminated the pathogen

reatment did not

i

as svidenced by plating te agar, this
increase the germination percentage of the lines. That is,
in thie situastion the embryo was killed by the wpathogen.
Blimination of the infection from seed of the
second category, not only ensures against perpeiuation of the

disecase, but may result in an increased germination percentage

the treated line. Por example, Crosier and Patrick {1940}

=]
H

h

found that the percentage germination of Copenhagen cabbage
seed was "increased from 643 to 763 and 80" by hot water

. A0 . .. <
Lreatmeat at 50°C for 25 minutes. The funzi invoelved were

k
considered to be A.brassicae, A.brassicicola and 2njyzopus

indicated that the pathogens had not impaired

ig

nilgricans. This

i
w3

the germinability of ithe seed embryo.

d

In view of the fact that A.brassicicola remains

Fla 1i tne storage period between harvest and sowing
vizble in seed over e I Ty

[

experimenis were conducted to investigate the effect cn

germination resulting from elimination of the pathopgen. It

was considered that by effeciive

}_..I

ot water treazting seed,

n

then germination would be lncreased if the embryo was not

damaged by A.bressicicola znd results analagcus to those

T

recorded by Crosier and Patrick (1940) would be chitained. if

the fungus killed the embryo then a sifuztion similar itc that



41,

shown by McLean (18h7) could be exvected.

1. Tdentification of an effective hot water treatment

For this experiment a specific temperabture-tinme
relationship had first to be found which would eliminate the
Llterngria pathogen without damaging seed vitality. Fany
hot water treatments have Ybeen recommesnded for cruciferous
seeds {Table 17). Preliminary screeniny trials showsd that
a 20 minute treatment at 45°C (Huber and Gould, 1949) wes

not gsufficient to ccmpletely eliminate A.brassicicolas from

i o

L. N o .
seed, but that the 50 C treatmenis investigat

O
o]
L=}
e
@
o
H
®
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to be successful. A consideration of these led to the
selection and subsequent testing of three tresiments covering

the range most Ifregquentiy advocated in the literature.

X4
i

He thod

I

Seeds were subjected to hot water treatmenti as

. 0, . . .
(i) 55°C For 10 minutes {(Yeimer, 1924);
(1ii) 50 °C for 18 minutes (3chimmer, 1953);

(iii} 50°C for 25 minutes (Crosier and Patrick, 13940},

treatments in elimination of the pathogens and their effect
on seed germination, the seeds were examined by the following

testg



TABLE 17
Recommended het water treatments for cruciferaus seeds

Authority Host Temperature Time

Hinutes
Heimer 1924 Cabbage 55°¢ 1D
Nietsen 1937 Cabbage 45 30
Nielsen 1937 Cabbage 50% 20
Crosier and Patpick 1940 Cabbage 50°¢ 25
Helean 1947 Radi sh 50°C 2
Huber and Goutd 1949 Cabbage 1% 2
Walker 1952 Crucifers 50°¢ 30
Schirer 1953 Cauliflover 122% (50%) 18
HeKay 1956 Cabbage 122%  (50°C) 25
HeKay 1956 Sauliflower 122%  (50°) 18
Chupp and Sherf 1960 Cabbage t22% (50°%) %
Chupp and Sherf 1960 Caulifioger 122°% (5000) 20
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(i) plating 300 seeds per treatment to ¥MA after sur

sterilisation with mercuric chloride;

(i1) a germination test at the G.5.T.5.;

(iii) examinztion of the dead seed and abnormal seedlings
for the presence of the Alternaria species at the

conclusion of the germination test;

{(iv) recording emergence figures of Tour 100 seed

replicates per treatment sown to plasshouse flats.

For each trial there was a control series using
untreated seced of the same line.
RIBULTS AND DISCUSSIOH

The results of experiments (i), {(ii) and (iv)
are presented in Tables,;13, 19 and 20. As regards experiment
{iii}, analysis of dead and zbnormal seedlings resulted in

two identifications of A.brassicicola infections on seed

o . - SR N
treated av S50 C for 10 minutes nor 50 C for 25 minutes.

. . . .
The treatment at 50°C for 25 ainutes was the most

efficient; in none of the experiments was A.brassicicola

isolated from treated seed, and no adverse effecis on

germination were recorded.

Plating to agar (Table 13) indicated successfiul
elimination of the pathogen in all treated samples, However,

the analysis of dead seed and abnormal secdlings showed that

. . o s e
the 18 minute treatment at 50 C was not completely efficient.



TABLE 18
Examination of hot water treated seed by an agar plate method
Treatnent tnfection %
A, brassicicota 4. brassicae
55°C for 10 minutes 0,0 8,0
50% for 18 minutes 0.0 0,0
50°C for 25 minutes 0,0 0,0
Control = untreated 6a7 1.7
TABLE 19
Exanination of the gernination of hot water
treated seed
Treatment Germination §
lean 4 S.E.
55°C for 10 minutes N 5 2.9
50° for 18 minutos 9% » 0,7
ro°c for 2% ainutes % & 1.8
Conirol = untreated 9 + 43
TABLE 20

Examination of the emergence of hot water
treated seed

Treatment Emergence

Hean + S.E.

55°C for 10 minutes 63 & 26
50°C for 18 mimvtes 80 1+ 2.7
50°C for 25 minutes 81 + 42
fontrol = untreated 84 o 2.8

by,



Although no adverse effects on germinability were
apparent in the 3.5.T.S. germination test, a low three day
count for seeds treated at 5500 indicated that the embryo
had been weakened. This was supported by the germination
reduction in glasshouse sowlngs of seed treated at 5500.

That is, under the favourable conditions of a blotter
germination test, seed germinated, but under the more stringent
environment of a soil medium, many seeds failed to produce

a seedling.

is the results of the preliminary experiment
applied to one line of seed only, a number of seed lines with
various initial germination capacities were tested to

determine if the above results were applicable to most lines.

2 Iffect of hot water treatment on germination

It is generally recognised that aging increases the
physiological weakness of seed. In this regard, the
opportunity was taken to investigate the effect of hot water
treatment on the germination percentage of two age groupings

of seed, namely sced six months and 18 months old.

Gloyer (1938) found that the effect of hot water

treatment on china aster seed (Callistephus chinensis Hees)

was dependent on the initial moisture content of the seed.
In the present experiment the moisfure content of each seed

line was determined before hot water treatiment to invesigate

a possible relationship between this factor and germination



arter treatment.

Method
Samples of seed lines with a known moisture
content and fection percentange of A.brassicicols were each

suhjected to a G.5.T.5. germination test hoth before and

. , o, . - .
after hot water treatment at 50 °C for 25 minutes.

In analysis of the effect of hot walter treatment
on germination a "t" test was made using the method of

paired comparisons (Bailey, 1959).

RESULTS L DIECUSSION

The results presented in Tables 21 angd 22 show that
in both age sroupings of seed there was an overzall significant
germination reduction due to hot water treatment of seedy
but the treatment did not cause a reduction to an extent that
would prohibit the use of this recommendation as a control
neasurs. It appears that aging up to 18 months has not
weakened the seed as germination of the older sesd has not
been aifected any more severely than the six months old seed.
It is alsc apparent that there was no relationship between
moisture content and the final germination percertaze. It
will be noted that in three cases there was a slight increase
in germination foliowing hot water treatment. This could
possibly be attributed to inactivation of the pathogen presen
but the 1nconsistent relationship between finzl germination
percentages and the infection percentages at the time of

treztment discount such a conclusion.



TABLE 21

Effect of hot water treatment on germinability of 6 months old seed

Seed Line Gernination ¢ Relative advantage of Infection % of Hoisture
Hoa untreated over hot A brassicicola y
Untreated Hot water gater treated seed
seed treated
seed
Mean + S.E. Mean « S.E,
] 91 & 1.1 91 &+ L5 0 2.0 8.5
2 83 1 109 85 .'t 202 - 2 1‘03 ?og
3 1 . 3.1 09 & 24 1+ 9 10,0 8. b
5 83 i 2.4 B¢ 1.3 + 8 6.0 1.7
6 63 & a6 60 3 1,5 + 8 0,7 PR
Heans 83,9 13,33 4+ 5,066 ¢

¥ ¥ Significant difference at the 1% level of probability

°ZJ+['



TABLE 22

Effect of hot water treatment on germipabiliiy of 18 menths old seed

Seed Line Germination % Retative advantage of tafection % of Moisture

Ho, untreated over hot 4, brassicicola g

Untreated Hot water water treated seed

seed treated
seed

Hean 3 S.E. Mean 4 S,E.
i Bh + 21 82 + 1,5 + 2 4,0 8,2
2 9% & 0.b 9% & 0,9 s+ 3 1.0 7.8
3 ?? 3 296 ?2 _'.;'. 293 +5 Sg} 8¢9
4 98 5 1l 88 & 2.9 + 10 1,0 81
5 81_4; 2,3 7+ 40 + 10 A3 B.5
7 91 3 1.5 93 4 2.1 -2 3.3 8,9
8 92 4 i 88 4 0.9 Ny 1,00 8.0
tioan 89, 125 84,0 + 3,075 3

¢ Significant difference at the 5% level of probability

"o
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F, DISCUSSION

A.brassicicela was present in a high percerntagse of

the seed lines screened. As the combined G.5.T.5. surveys
and those conducted in this study cover a four year pericd

it seems reasenavle to suppose that this pathogen is present
in a major proportion of New Zealand seed lines in most years.

A.Drassicae was not as prevalent and did not appear to survive

in stored secd for long periods. These results support the
findings of Neergaard (1945) who states, "in my laboratory
examinations of seeds of Cruciferae I have found iA.brassicae
only in Z-49% of the seed lots attached by siliqua moulds

and practically always as weak infections't, On tihe other

hand, seed-borne inoculum of A.brassicicola has been shown

to remain viable for long periods in storage and could

therefore be capable of causing seedling infections on sowing.

In germination trials incorporating the analysis
of dead seed and abnormal seedlings {(Section C 2.) to establish
the presence of pathogenic coantaminating inoculum of the
Alternaria pathogens, the percentaze recorded was higher than
that obtained by the agar plating method. This demonsirates
that surface sterilisation in health tesits eliminates or
reduces the amount of incculum capable of causing a seedling
infection. The infection percentages cobtained using such a
technigue in health tests wust be regarded as representing

something less than the true level of disease potential.
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It has been shown that hot water treatment of
seed at SOOC Tor 25 minutes eliminates fAlternaria species
from choumoellier seed, but this was attended by a reduction
in germinability. The adverse effect on germinstion did
not appear to be associated with either the presence of

Alternaria infections, the seed aje, or the moisture content

of the seed at the time of treaiment. However seed weakness
probably results from the synergistic action of many factors
and thus the results expressed after hot water treatment
reflect an overall reaction which may have obscured the
expression of any single Mseed weakness" factor such as

infection by A.brassicicola.

In preliminary trials on the viability of contaminating
ingculum, seed from an "Alternaria free" line was surface

sterilised and contaminated with spores of A.brassicicola.

After storage under dry conditions for six months it was

found that 14% of the sample was infected with A.brassicicola.

This means that the fungus is capable of causing seed
infection as a result of heavy contamination in storage.
Hewett (1955) has shown that while hot water treatment of
cereal seeds kills most of the seed-borne micro-flora, massive
superficial recontamination by moulds may occur, and he
suggests that handling of seed during treatment may increase
seed coat damage, facilitating reinfectilon. By similar

reasoning 1t is suggested that damage to choumcellier sesd



caused by threshing and cleaning could be important in the
same Way. With the dispersal of spores from crop debris
during harvest and the presence of seed at various moisture
levels providing a Tavourable micro—climate within a bag,
then the possibility of seed infection by contaminating
spores during the harvesting, handling, and storage processes

of choumocellier seed production cannot be discounted.



CHAPTER III

EFFECT QF THI PATHOGENS

Ol SEEDLING DEVELOPHINT



A. INTRODUCTION

The association of a pathegenic fungus with seed
ensures a close host-pathogen relationship during seedling
development. Many seed-borune fungi have been demonstrated to
be active in causing seed-bed losses due to seedling attack,
and such losses are usually discussed under the relative terms
of pre-emergence damping-off and post-emergence damping-off.
Pre~emergence losses are considered to cccur when a germinating
seed is killed before above ground evidence of the seedling is
apparent, while in post-emergence damping-off the seedling is

killed following emergence from the soil.

Overseas workers {(Weimer, 1924, 1926; Rangel, 1945;
Neergaard, 1945; Schimmer, 1953; bMcKay, 1956; McDonald,.1959;
Changsri and Weber, 1963) have shown seed-borne incculum of

A.brassicae and A.brassicicola to be active in causing pre-

emergence and pest-emergence seedling damping-off of crucifers

which may result in severe reductions in stand establishment.

Fxamination of lesicned seedlings, ceollapsed seedlings,
and non-germinating seed in high humidity blotter germination
tests, proved both pathogens to czuse seed and seedling death.
Further, preliminary glasshouse trials indicated that

A.brassicicola could be instrumental in pre-emergence and posi-

emergence seedling losses when present on the seed as adhering

spores {Plate 9) or as deep seated infection. A.brassicae also

caused scome seedling injury but did not appear to be as pathogenic



Plate 9

Seedlings grown Ifrom Seedlings grown from
clean seed (control) contaminated seed

Effect on emergsnce of seed artificially

contaminated with A.brassicicecla
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as the small spored species. As a result of these findings and
in view of the seedling destruction in brassica seed sowings
demonstrated by overseas workers, trials were initizsted to

determine the importance of A.brassicicola and A.brassicae in

causing seed-bed losses.

B, MATERIALS AND METHODS

In the following section materials and methods
generally used throughout the chapter are discussed. Those
specific to particular experiments are detailed in the appropriate

sections.

Ta Seed line used in the artificial contamination and infection

of seed for emergence trials

L seed line (line 13819) with a 100% germination
percentage was jdentified as free from infection of both
Alternaria pathogens by a series of screening trials. A bulk
supply of this line was purchased for use in subsequent emergence

experiments.

2e Seed treatment in emergence studies

(a} Surface sterilisation of seed
Surface sterilisation was effected by immersing the
seed in a 0.001% solution of mercuric chloride for 10 minutes
(McLean, 1947), rinsing in sterile distilled water and drying

the seed between filter paper pads.
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(b) Hot water treatment of seed

Hot water trecatment was carried out in a thermostatically
controlled water bath at 5000 for 25 minutes (Crosier and Patrick,
1940) . Following treatment, seed was cooled rapidly by

immersion in cold water and zir dried.

{c) BSeed contamination

(i) A.brassicicola

& 20 gm sample of surface sterilised seed was
shaken in az Petri plate containing a sporulating colony

of A.brassicicola grown on MA at 24°C.

(ii) A.brassicae

Contamination of seed with A.brassicae was_

achieved by agitation of a 2 gm sample of surface
sterilised seed in a sporulating colony of this

pathogen grown on PDA at 24%¢,

3. Seedling production

Plastic sced boxes (14" x 11" x 24") were sterilised
with a dilute sodium hypochlorite solution and wiped down with
alcohol before use. A standard UC type C soil mix (Baker, 1957)
was employed for seedling emergence studies. Seeds were
sown in a wire mesh grid (Plate 9), one seed per cell, using
forceps and a mechanical counter. The grid enabled systematic
counting of seedlings in observations made during the trials.

Trays were labhelled using a random lettering system, and unless



otherwise specified, watering was carried out by steeping the

seed boxes in shallow water troughs.

Emergence trials were conducted during the winter
months in a glasshouse warmed by thermostatically contfolled
heaters. A hydrothermograph run in conjunction with the
experiments showed temperature extremes of 540 and 70°F but
generally ranged between 60° and 65OF. Humidity varied

between 45 and 70:%.

b, Bxamination of seedlings

At the completion of the emergence trials, the
germination percentage was recorded and individual seedlings
were assigned to infection categories on the basis of the
severity of the attack and location of the infection on the
seedling. Categories used are illustrated in Figure 9 and

are based on observations made in preliminary trial work.,

Se Re~isclation from infected seedlings

Re~isolation from infected tissue pieces was carried

ocut using one of two methods,

(a) Chemical method
Tissue pleces were enclosed in muslin bags, sealed
with identification bands and immersed in a 1:1 solution of
0.001% mercuric chloride and 95% alcohol {(VWeimer, 1926) for
15 seconds, rinsed in three washes of sterile distilled water,

dried between filter pads and plated to MA.



Definition of terminology used in describing
symptoms expressed during germination by
ebnormal seedlings and infected szeedlings

parasitized by A.brassicicola

Code -
I Cotyledon lesions : Category 1
II Cotyldeon lssions : Category 2
11T Cotyledon lesions Category 3
IV Post~emergence damp~off sympioms
v Abnormal development
VI Hypocotyl lesions 1 Category 1
¥IT Hypocotyl) lesions Categery 2
VITI Hypocotyl lesions Category 3

{Overleaf)



fgurs 9 cont.

CATEGORIES USED IN GERMINATION TRIALS




Vit

Vil



{(b) Vashing method
Tissue pieces were enclosed in muslin bags and washed
for two hours in running tap water (Milne, 1964). They were
then rinsed in sterile distilled water before drying between

filter paper and plating to MA,

Results were recorded for both methods afier six days

incubation at 24°C,

C. FEFFECTS ON EMERGENCE

In the screening trials nc lines were identified as
carrying high percentage infections of one pathogen and noft the
other. Therefere, to assess the potential of each of the;
fungi in causing seed bed losses it was necessary to syntheéise
a 100% diseased line. Infection znd contamination levels of
100% were considered desirable to minimise the sampling error
and to obtain maximum disease expression under the experimental

conditions.

Te The potential effect of contamination on emergence

lethod
Seed was surface sterilised and samples contaminated

with A.brassicae and A.brassicicola respectively, Irour

replicatiocns of 100 seeds were sown for each treatment with a
further control series of clean seed. Yatering was carried out

by steeping the flats in a shallow water bath and in additicn,
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seedlings were misted with a de Vilbiss atomiser which gave a
fine spray sufficient to wet the feoliage without causing
splashing between seedlings, Results were recorded at 10, 14,
18, and 22 days (4ppendix II) to enable observation of disease
development, with a final analysis at 30 days (Appendix III).
In the interim observation, cotyledon attack and post-emergence
damping-off symptoms were indexed to the categories illustrated
in Figure 9. In the final examination at 30 days, individual
seedlings were lifted, enabling a more comprehensive assessment

of symptoms.

RESULTS AND DISCUSSION

The results presented in the following table and
detailed in Appendix III show that seed contamination by both
pathogens has caused a reduction in the number of scecedlings

established 30 days after sowing.

TABLE 23

The potential effect of seed contamination with A,brassicae
and A.brassicicola on emergence

Treatment Lmnergence
(%)
Mean + S.5H.
Seed contaminated with A.brassicicola 66.2 + 2.0
Seed contaminated with A,brassicae B6,0 + 2.k
Control - clean seed g4, 7 + 1.1

A 23.5% emergence reduction was caused by A.brassicicola




and in addition many of the surviving seedlings were infected
with the small spored pathogen (Appendix I1I). In 57% of the
seedlings attacked at ground level (357 of the total emergencs)
the infection was manifest as & discolouration and splitiing

of the cortex of the hypocotyl starting near the point of root
initiation (Plate 10). The remaining 43% (26.5% of the total
emergence) showed a definite wire stem collapse (Plate 10)

severe enougn to have a possible effect on subsequent development,

and were indexed to categories 2 and 3 (Tigure 9).

Until the 18 day scoring, most of the post-emergence
damping-off symptoms recorded were due to cotyledonary negrosis.
At the 30 day examination, 52.5% of the seedlings with
cotyledonary lesions were indexed to categories 2 and 3, (31.5%
of the total emergence), but it was considered that in the
majority of instances necrosis of the coiyledons would not
influence seedling development directly. After this period
the seedlings were generally at the two true leaf stage, and
despite severe cotyledonary lesions, the young leaves were free
from evidence of infection. On the other hand, it is possible
that 2 diseased ceotyledon could collapse and adhere to the
hypocotyl of the young plant providing a source of inoculum in
cloze contact with the healthy tissue, or that a shrivelled
infected cotyledon could lodge close to the foot of the plant
after being shed. However, severe cotyledon lesioning in the

early growth stages of the seedling did appear to affect



Plate 10

Hypocotyl lesions caused by A.brassicicola




subsequent development. For example, those seedlings indexed
to "category 3" at the 10 and 14 day recordings were largely
responsible for early post-ecmergence losses, and frequently,

surviving seedlings were reduced in size.

A.brassicae caused an 3.7% emergence reduction and

of the remaining seedlings 12.5% exhibited hypocotyl lesioning
and 15.0% cotyledon lesions. However, in the majority of such
attacks, infection was not severe and was unlikely to affect

subsequent seedling development.

By assuming that 14 days was the interval after
which maximum emergence oc¢curred in each sowing it was possible
to estimate the extent of pre-emergence and post-emergence
losses. This assumption was based on the fact that afier the

14 day reading, emergence figures for the A.brassicicola

treatments decreased. The slight increase in the emergence
percentage recorded in the control sowings after this interval
was considered to compensate for post-emergence losses caused
by the failure of abnormal seedlings to develop. Thus by
subtracting the average percentage recorded at 18, 22 and 30
days from the average figure for the 14 day reading, an estimate
of post-emergence damping-off was ohtained. Similarly,
pre-emergence attack by the pathogens was estimated by adding
the average final emergence at 30 days to the estimzted post-
emergence damping-off losses for the respective ftrials and

subtracting this teotal from the average final emergence figure
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expressed by the corresponding control treatment. The data
presented in Table 24 indicates that both pathogens caused
approximately three times more seedling losses due to post-

emergence damping~off compared with pre-emergence losses,

#hile the above resulis demonstrate a "potential®
emergence loss under the sowing conditions due to contamination
of seed lines, it seemed unlikely that inoculum loads would be
as high in naturally contaminated samples. To assess the
incculum load of naturally infected lines relative to that of
the artificially contaminated lines, samples were examined
using a standardised centrifuge technique and comparative spore
lcads estimated on the basis of z haemocytometer count. From
the 40 commercial lines investigated, the average spore load

for L.brassicicola was 2,500 spores/ml and the heaviest lcad

recorded for any cne line was 14,000 spores/ml. Similarly,

for A.brassicae the average was 800 spores/ml and the heaviest

load 7,000 spores/ml. The spore loads recorded irom the
artificially contaminated samples were 200,000/ml for

A.brassicicola and 86,000/ml for A.brassicae.

It is apparent that under natural conditions it is in
fact unlikely that contamination of seed by the two Alternaria
pathogens would reach the proportions of the samples used in
the previous experiment. Contamination ¢f individual seeds
may reach high levels, but uniform distribution of spores

throughout a sample does not seem likely.



TABLE 24

Pre- and posteemergence seediing death in emergence trials

Treatment Post-energence danping=off Pre-emergence
(%} damping=off
(%)
18 days 72 days 30 days
Total Tatal Total

Seed contaminated

with A.brassicae 0 %15 6,60 2,25
Seed contaminated

with A, brassicigola W15 13,50 20,75 1.2
Clean seed 0 ] 1] 0

oL9



e The potential effect of seed infection by A.brassicicola

on emergence

To assess the potential of seed infection in causing
seed-bed losses it was first necessary to perfect a method for
artificially infecting all seed of a line with the Alternaria
pathogens. In preliminary trials seed was placed between
molstened folds of newspaper and misted with a concsantrated
spore suspensiocn. This method was unsuccessful as the sced
coat split and germination occurred before infection was
achieved, Attempts fto prevent germination by alternating
moist and dry conditions were also unsuccessful, Further
research led to the following method which utilised the
differential moisture reguirements for spore germination and

enetration, and seed germinzation.
] =3

Plastic cabinets were adapted to provide an
infecticn apparatus (Flate 11). ifach tray consisted of three
cezlls, of which the centre cne contained moistened blotier

peper and was separated from the neighbouring cells by

perforated plastic divisions. The two outside cells contained
light aluminium foil trays in which artificially contaminated
seed was placed. The cabinets were sezled in plastic bags to

promote high humidity conditions during the experiment which
czused a softening of the seed coat and favoured spore
germination and seed infection, Although 2 seed line 100%

infected with L.brassicicola was obtained using this method,




Plate 11

Infection cabinets used in artificial

infection of seed
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(as demonstrated by a blotter health test) successiul

infectiorn with A.brassicae was not achieved. It is possible

that the insbility of A.brassicae to form an appressorium
precluded penetration of the seed coat. However, in view of

the relatively low occurrence of A.brassicae in seed lines

screened in previous trials further attempts to infect seed
with this pathogen were considered to be unwarranted, Hence
the following emergence experiment pertains only to the effect

of seed infection by A.brassicicola.

Hethod
Seed to be infected was surface sterilised in mercuric

chloride and then contaminated with spores of A.brassicicola.

After incubetion in the infection cabinets for 25 days, seed

was air dried for 2% hours aud then surface sterilised to ensure
that only seed infection was inveolved. Four replications of
100 seeds each were sown tc soil in glasshouse flats. A
control series of four 100 seed replicates of c¢lean seed which
had also been exposed to high humidity for 25 days was sown
under the same conditions as the artificially infected 1line.

After 30 days individual seedlings were lifted and

indexed to the categories previcusly illustrated in Figure 2.

RESULTS AND DISCUSSION
The results presented in Table 25 show that a marked
reduction in emergence has resulted from seed infection with

A.brassicicola.




TABLE 25

fect of artificial infection of seed with
A.brassicicela on emergence

Hiy

The e

Treatment Mean + 3.5.

Artificiaily infected seed 38,2 + 3.9

Clean seed exposed to high humidity k.2 + 2.6

O0f the seedlings that emerged from infected seeds
46.5% exhibited cotyledon or hypocotyl lesions but in most

cases development did not appear to be affected by the attack.

Ja Effect of seed=borne inoculum on emergence in commercial

seed 1lines

Seed-borne inoculum has been demonstrated to cause
seedling death when present on seed under artificial conditions
of high inoculum loads. An experiment was conducted to
ascertain if such seedling losses were significant in sowings

et

of commercial seed lines.

lethod
Four seed lines with infection percentages of

A.brassicicola ranging from 5 - 10% {determined by an agar

plate test) were selected for the trial. Samples of each

seed line were sown to glasshouse flats after treatment as follow
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(i) untreated seed;
(ii) hot water treated seed;
{iii) surface sterilised seed.

Resulis were recorded after 30 days by individual
examination of seedlings and by indexing lesions to the

categories illustrated in Figure 9.

RESULTS AND DISCUSSIOHN

The presence of A.brassicicols in the seed lines sown

it}

did not cause a significant reduction in smergence under the
conditions of this experiment (Table 26). That the pathogen
was present and active in causing seedling infection is
evidenced by the presence of diseased seedlings in the stands.
However, most of the secedlings were not severely infected and in
the majority of cases would probably have "grown through' the
infection. FElimination of the surface inoculum by surface
sterilisation of seed resulted in no increase in emergence and
further, hot water {reatment reduced emergence. In view of the
germination reduction due to hot water treatment demonstrated in

Chapter II the above reduction was also considered to be =&

treatment effect.

b, Effect of seedling Infection by A.brassicicola on seedling

development

Observations in the previous emergence trials indicated

that seedlings which survived cotyledonary and hypeocoiyl attack



TABLE 26

Effect of seed infection an the emeraence of commercial seed Lines *

Emergence Hypocotyl lesianing Cotyledon Lesioning
Seed Treatment (#) (#) (%)
Line 1 Z 1 2
Hean + S.E, Hean Hean Hean fean
)(1 Untreated 88 + 3,1 5,25 1,00 .50 3.5
Surface steriilised 85 + 2.6 1,00 0,00 5.75 2,50
Hot water treated BZ & 2.8 0,25 0,25 3.7 0,25
XZ Untreated 62 % 3.1 6,0 1.25 8,00 2,5
Surface sterilised 67 + kb 2,0 2,0 .00 1,00
Hot water treated 51 & &2 0,75 0,75 00 0,00
X3 Untreated 65 + 2,3 5.75 1 11,0 3.00
Surface sterilised 68 & 5.1 1.50 1. 75 1.5 2,00
Hot water treated 64 + 1,9 2.2 o 1.0 0.75
Xh Untreated 80 & 3.1 1,50 2.00 5.75 2,50
Surface sterilised 16 &+ 3.6 - 0,25 5650 2,00
Hot water treated 63 1 2,6 .25 0,00 2,50 0.25

* Four replicates of 100 seeds

were sown per treatment for each seed lins

099



in the early stages of development were often reduced in size,
These seedlings appeared to '‘grow through' the infection in
many cases, but is suggested that this initial setback could be
reflected in later development of the plant. An experiment
was carried out to enable a more objective assessment of the

eifect of this reduction in seedling size.

Method

Two hundred seeds were contaminated with A.brassicicola
and sown tc glasshouse flats. A further 200 clean seeds were
sown under the same conditions. Records were taken after seven

veeks by individual examination of seedlings and by recording
the weight of the totzl aerial tissue. Root systems were not
included due to difficulties involved in dislodging adhering sand
and peat fragments; without also removing plant tissue. Both

treatments were overhead watered using a sprinkler system.

RESULTS AND DISCUSSION

A marked reduction in the weizht of aerial tissue was
recorded for seedlings grown from contaminated seed {(Table 27).
The average weight of tissue from individual seedlings was 0.246 gm
{(apvroximately 407%) less than the average weight from seedlings
grown irom clean seed in the control series. Examination of
individual seedlings indicated that this was mainly the result
of stem constrictions duve to ground level irfection. Such
seedlings exhibited a "woody" wire stem symptom, and were

freguently reduced in size (Plate 12).



TABLE 27

The Effect of Seed Contamination on Seedling Developnent

Tatal green

Treatment tmergence weight of the Avarage weight Hypoeotyl lesions Leaf Lesioning
(%) above ground per ptant (8} {)
material { gn)
{gm
1 2
Contaminated 52,0 £0,04 0.385 9.5 1.5 10.5 18,0
seed
Control « 94,0 118,70 0,631 2.5 Ted 1,5
clean seed




FPlate 12
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Bffect of infection on seedling development
Top = healthy scedlings

Bottom =~ diseased seedlings



The reduction in plant size was not uniform in the
sowing. Many seedlings exhibited normal development from
=1 b ] L

contaminated seed, while others were extremely stunted and

probably would not have survived under field conditions.

D, KBCHANISH INVOLVED 1IN SEEDLING ATTACK

Cbservations on infected seedlings in emergence
trials indicated that seedling collapse resulted from
cotyledonary infecticn or decay of the hypocoityl at ground
level, To examine the mechanism of seedling attack more
closely an sxperiment was devised in which infected growing
seedlings could be observed from day to day and disease

progress noted.

Hethod

Seed-boxes were constructed with glass Yslide in"
walls {(Figure 10) inclined at a slight angle from the vertical
to encourage growth close to the glass face enabling observation

of individual seedlings.

Two samples oi surface sterilised seeds from a

disease~-iree line were contaminated with spores of A.brassicicola

and A.brassicae respectively. From each treated sampls, 35

seeds were planted in a vermicullite medium in close proximity
to the glass face, A further 35 seeds from a line of seed

artificially infected with A.brassicicola were sown, and finally

a control series of clezn seed was set out. The seed-boxes
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were held at room temperature and kept moist by a daily misting
with a De Vilbiss atomiser.

Isolations frem lesioned tissue were made to HA
following surface sterilisation in a 1:1 solution of 0.001%

mercuric chlcride and 95% alcchol.

B AND DISCUSSION

=0}
&
U-‘
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=

Several forms of injury were observed to cause

seedling collapse -

(i) The young radicle was attacked soon after germination
was initisted, arresting development at that stage.
Root hairs did not develop and the radicle tip ¢is-
coloured and died (Plate 13). This type of injury
occurred frequently where seed was infected with

A.brassicicola and in emergence studies would probably

be assessed as pre-~emergence damping-off. A similar
attack was observed at an early posti-emergence stage
of development (Plate 13}, in which cectyledons had

developed but were severely lesioned.

(ii} Commonly, damping-off occurred as the result of the
collapse of severely lesioned coityledons and the decay
extending to the upper hypocotyl region. In most
cases the infected or contaminated seed coat remained
attached to the cotyldeon and was carried above ground
during seedling development (Plate 14). Lesioning

initiated as necrosis and decay in the immediate tissue
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surrounding the seed coat. In some instances the
infected cotyledons wilted and following collapse
became attached to the hypocotyl providing a focus

for stem infection.

Cotyledonary attack by A.brassicicola was frequently

manifest as sharply defined dark-brown to black
spots, often with a shrunken appearance and giving

an overall “fleck symptem!'f. A.brassicae caused

purple-black to brown lesions similar to the smalil

spored species, but generally more localised.

(iii) Ground level attack was characteristic of both species.
Hypocotyl lesions were similar for both, and appeared
as narrow cark~-brown to black "streak-~like" lesions
about 1 mm long. Severe infection at early stages of
development resulted in a soft waxy hydrotic area at
the base of the stem and the seedlings collapsed and

died,

Hore freguently, infection by A.brassicicola caused

a cellapse of the cortical tissue of the hypocotyl forming a
layer of dead cells and resulting in a constriction and wire-
stem symptom {(Plate 15). In many cases sesedlings survived such
hypocotyl attack but the stems vere distorted, the root systens
reduced, and the growth of the plant impaired, Less severe
infection was appareat as splitting of the cortex of the

hypocotyl slong a line of lesioning extending up the stem from



Plate 13

Early stage symptoms of dampingwoff

caused by A.brassicicola

Top = early post-emergence

Bottom = pre-emergence




Plate 1&

Cotyledon infection of A.brassicae

originating from the attached testa



the point of root initiation (Plate 15). The growth and
development of these seedlings did not appear to be markedly
affected. In most cases of severe hypocotyl attack the seed
coat had previously been shed from the cotyledons and remained
clasping the base of the hypecotyl or lying in a position close
to it,.

Microtome sections of decayed stems showed mycelium
of the pathogen ramifying through the infected tissue (Plate 16).
The mycelium appeared at first to be intercellular, but later

the diseased tissue was permeated with hyphae.

B, DISKASED SEBRDLINGS AS 4 SQURCE QOF

INOCULUM IN THs SELD BED

Seed-borne diseases may influence the developient of a

crop in two ways

(i} through a direct effect on seed and seedling health
causing pre-emergence and post-emergence losses which

are reflected in a poor stand establishment;

(ii) by sporulation on infected and decaying seedlings
providing a source of inoculum for ssnread to healthy
plants with ultimate spread of the disease throughout

the crop.

Asbrassicicola has been shown t¢ cause a significant




Wire-stem symptoms and cortical

splitting of the hypocotyl caused

by A.brassicicela




Plate 16

Microtome sections of hypocotyl tissue

infected with A.brassicicola




reduction in stand establishment when associated with seed &t
high levels of contemination and infection. But in this study,
the presence of the pathogen in commercial seed lines did not
cause significant seedling losses. However, no consideration
was allowed for the potential spread of incculum from dissased

seedlings in the seed bed.

Pound et zl (1951) considered that the spread of

A.brassicicola was practically nil in cabbage seed beds in

YWisconsin. Conversely, Rangel (1945) notes the importance of
infected cabbage seedlings in a box providing a source of
inoculum for the initiation of secondary spread, and in addition,
McDonald (1959) considered that spores of A.brassicae produced
on diseased seedlings of rape were possible inoculum sources

for the spread of the pathogen to healthy plants. In support
of this, spore dispersal by wind and rainsplash in maiure

field crops has been demonstrated in preliminary investigations
in this study. Spores of both Alternsria species were trapped
on prepared agar slides placed at different levels in choumoellier
stands. It seemed likely that dispersal of inocculum from
sporulation on decaying seedlings counld also he instrumental in
disease spread in the seed bed. Experiments were conducted to

test this supposition.

1 Glasshouse trials

Method

Four replicstes of 100 seeds were conitaminated with



Asbrassicicola prior to sowing. The flats were vwatered at

three day intervals by an overhead sprinkler system which
caused a ‘water-svlash' effect between seedlings. Seedling
were lified and individuzlly examined for evidence of infection
after 30 days. By comparing the results recorded with those
obtained in the previous emergence experiment on contaminate
seed (Appendix III), an estimate of disease spread due to spore
dispersal was made. A control sowing of clean seced was also
planted.
RESULTS AND DISCUSSION

The results presented in Lppendix IV show that seed

contamination with A.brassicicola caused a marked emergence

reduction, A comparison of the emergence percentage recorded
above with fhat obtained in the immersion watered series
(Appendix III} shows that under these conditions spore dispersal
by splashing did not increase seed mortality (Table 28).

An ilmportant feature of the comparison is the effective
dispersal to, and infection of the first true seedling leaves

in the overhead watered sowings. Such infections may carry

the pathogen through to the mature crop phase where high
humidity conditions within the stand would promote sporulation

on lesioned tissue, thereby providing inoculum for further

disease development.

However, the experiment was conducted under an

artificial situation in that seedlings were crowded and grown



TABLE 28

Effects of watering on seedling infection

Hypocotyl lesioning (%)

Cotyledon Lesioning (%)

Treatment Tatal Emergence 3 Leaf Lesioning 3
1 2 3 1 2 3
Mean + S.E. Mean & S.E, Mean + S.L, Mean + S.E, | Hean x S.E Mean & S.E. fiean + S.E. Hean_+ S.E.
Overhead 7.5 5 3.12 2,75 + 265 | 12,25 & 1,38 | 12,75 & 1,38 | 14,0 4 1,87 21,5 & 1,68 6.5 3 1,18 8.5 4 1,85
watering
Imnersion 66,25 1 2,04 23,2 5 1,50 | 85 40,91 9.0 & 178 | 19,0 & 1,47 304 1.2 | 7,75+ 1,12 0.5 4 0,00
watering

‘4l
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under relatively high humidity conditionse. Hence, while the
results may indicate a potential spread in the seed bed it was
considered desirable to repeat the experiment under conditions

more appropriate to a field sowing.

2. Field trials

£ shallow seed box measuring 2 ft. 6 in. square was
conscructed from galvanised iron, This was nounted on a shaft
and bearirng to allow it to rotate, thereby ensuring equal
environmental conditions over the tray. A ecircular hoop with
a series of "vanes! attached to the outside was fixed around
this to form the driving mechanism (Plate 17). By directing
the flow of water from a hose into the vanes with a 900 angle
of attack from the centre of the apparatus, a2 turning motion
was achieved. Splashing was overcome by constructing each
driving vane with a prominent upper lip wiich diverted the
splashing awsy from the box, By adjusting the water flow the
rotaiicn of the apparatus was regulated to approximately four
te five revolutions per minute. The bottom oi the box was
drilled out at intervsls to allow drainage, and a wire mesh
dis¢ placed over each hole to retain the vermicullite medium.

At the centre of ithe hox six seedlings (two weeks old) were

placed out in a c¢ircle and spores of A.brassicicola brushed over

the cotyledons. 4t distances of 3, 6, 9, 12 ard 15 inches

from these seedlings eight healthy plants per spacing interval



Plate 17

Apparatvs for measuring the

effective dispersal of spores



were placed out to form a "broken spiral'. Over a ithree week
periocd the apparatus was exposed to wind and rain for intervals
of four hours znd then incubated under a plastic ttent"™ for 72
hours to promote high humidity conditions. The seedlings were
then examined for the presence of lesion symptoms. The
humidity within the tenit varied between 50 and 70% and temperatures

. o I o}
ranged from 40°F to 8Q°F,
REISULTS ANU DISCUSSION

In no instance was positive spore dispersal demonstrated.

After one period of heavy rain isolated lesions were observed

on a seedling at the three inch spacing interval but A.brassicicola

was not successfully isolated on plating to MA. On the basis

of these results spore dispersal in the sesd bed does not appear
to be important. Sven so, the possibility of isolated secondary
infections occurring cannot be discounted, but it does seem that

spore_dispersal is unlikely to cause further emergence losses.

¥, DISCUSSION

Both pathogens were demounstrated as causing pre-
emergence and post-cmergence damping-oif under artificial
conditions of extreme inoculum loads. However, at the levels
of infection and centamination receorded in certified seed lines
servere emergence losses did not occur. It does not necessarily

follow that the pathogens are not important in causing seed bed

losses. Conditions at sowing vary Irom year to year, and



although in most seasons seedling death may be negligible,
under certain conditions severe losses may occur. The
presence ol symptoms on seedlings raised from commercial seed
indicated thai seed-borne inoculum can cause seedling
infection, However, the fact that from these initial foci
there was litile subsequent disezse development would suggest
that envircnmental factors were unsatisfactory. Possibly the
conditions favoured host growth more than the pathogen, thus
enabling the seedling to grow through an infection which may

otherwise have caused death.

Seed artificially contaminated with spores of

d.brgssicicola caused a reduction in emergence, and although

many infected seedlings survived the attack, there was an adverse
effect on subseqguent development as shown by a reduction in weight
of the aerial tissues. It is debateable whether in field crops
this growth reduction is of importance since these weaker
seedlings would vprobably be crowded out and the losses compensated
by stronger growth of neighbouring healthy plants. & more
imporitant role of such discased seedlings could be in providing
inoculum for secondary infection c¢ycles in the developing crop
with subsequent foliage losses. Although in glasshouse trials
spore dispersal by water splash resulted in lea? infection,

spread did not occur in experiments carried out under more natural
conditions. With the capacity for prolific spore production

exhibited by A.brassicicola it would seem that such infections
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could possibly provide foci for spread of the disease throughout

the stand, particularly when localised microclimatic conditions

became more favourable with foliage development.

Examinations of diseased seedlings illustrated the
significance of epigeal germination in establishment of
cotyledonary infection. The retention of an infected or
contaminated seed coat on the developing cotyledons provided
a source of inoculum in contact with the host and frequently
resulted in seedling damping-off. In those cases where the
seed coalt was not retained, it was characteristically lodged
close proximity to the hypocotyl and coften resulted in wire-

stem symptons.

in



CHAPTER IV
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A. INTRODUCTIOH

Overseas work has shown that A.brassicae end

A.brassicicola may attack cruciferous seed crops and cause

severe direct reductions in the quality and gquantity of the
harvested seed (Weimer, 1924; WNielson, 1933%; Vraa-Jensen,

1938; Weergaard, 194%5; Green, 1947; Schimmer, 1953;

Van Schreven, 1954; McKay, 1956; Domsch, 1957; McDonald, 1959).
Such losses are reported to result from pod infections

causing siliquas fto dry early with subseguent seed loss due

to premature shedding of seed, or infectlons causing shrinkage

and death of seed which may be remeved from a line during

machine dressing, Further, seed in the dressed line may be
weakened as a result of infection by the pathogens. The

importance of A.brassicicola and A.brassicze 1in causing seed

losses in Hew Zealand choumoellier crops has not been studied,
However 1in view of the large proportion of seed lines infected

with A.brassicicola, and toc a lesser extent A.brassicae, it

would seem that either or both are generally present in our
seed crops. iith this evidence in mind, and the reported

seed losses caused by the two fungi in overseas brassica crops,
research was conducted to investigate the significance of the
pathogens in reducing the yield and guality of seed harvested
from choumoellier. Further studies were made to determine

the mechanisms involved in such seed loss.

An associgted difficulty in this study was the
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identification of the pathogens involved in attacks on seed
crops as both Alfternaria species cause very similar synptoms

on choumoellier. The diseasz caused by A.brassicicola has

been called black leaf spot (Weimer, 1924) and small siligua
mould (Meergaard, 1945) to distinguish it from that caused
by A.brassicae which has been described as grey leaf spot
(Veimer, 1926) and large siliqua mould (ileergaard, 1945).
The field expression is further confused by the presence of
other discases expressed as lesions on leaves and seed
heads. Hence a pre-requisite to seed yield exneriments was
a close study of the comparative symptomology in mature seesd

CIropSe.

B. HATERIALS AWD METHCDS

(a) Isolation from field material
Small sections of tissue were dissected Trom the
margin of lesions on peod, stem and lesf materizal. Identification

of the causal organism was fzcilitated through one of the

(1) For rapid identification, sporulation was induced
by placing lesioned areas in Fetri plate high
humidit chambers for 48 hours. The pathogens
were identified by microscopic examination of spores

and isolation to PDA slopes.
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(ii) Tissue pisces were scaled in muslin bags, washed
for two hours in running tap water, dried between
filter pads and plzted to a selective streptomycin
sulphate/PDA medium (see Section D.1, Chapter V).
Pathogens were identified on the basis of colony
characteristics after incubation for 10 days at

4%,

(iii) Tissue pieces were surface sterilised by immersion
in a 1:1 solution of 0,001% mercuric chloride and
95% alcohol (Vieimer, 1926) for 15 seconds, rinsed
in sterile distilled water and plated to MA.
Identification was again made on the basis cf colony

\ o - . N o o
characteristics after incubation for 10 days at 24 C.
{b) Inoculation of seed heads

Plastic bags were placed over individual seed heads
and misted to the point of run-off with spore suspensions of
the respective pathogens (approximately 100,000 spores/ml)
using a de Vilbiss atomiser (Figure 11). Inoculations were
carried out during calm evenings with little air movement.
Individual treatmenis were ldentified with coloured labels,
and @ distance of at least 6 Feet maintained between heads
ikoculzted with each species. Plastic bpags were used to cover
inoculated hesads, and were sealed at the base to vromote high

humidity coanditions for 48 hours following inoculetion.



Spore suspensions were prepared from sporulating colonies of
the respective pathogens and spore concentraitions mezsured
using a haemocyiometer. Seed heads in concurrent control

series were "inoculated" with sterile distilled water.

(¢) Harvesting aznd storage

Labelled seed heads were cut from the plants.
5iliquas were then removed from the racemes and laid out on
newspaper to air dry for three weeks, 4t the end of this
time half of the pods were graded into "severe', "fairly
severe! and "slight" index categories on the basis of external
lesioning. To eliminate bias as far as possible an observer
vas invited to group the pods, selecting only against those
that had suffered bird damage. The indexed pods were then
harvested by hand over large trays to ensure that no seed was
lost in the harvesting process. Harvested seed and the
remaining half of the siliquas were stored under cool dry
conditions in paper bags until further trials could be carried

cuta.

(d) Sampling

Seed samples were ftaken using the sub-division method
described in Chapter II, Section B.1. Pod samples were made
by randomly spreading out fThe total harvest in a row and

counting off the first 100 pods.
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(e} Re-isolation from seed

Sced samples were enclosed in muslin bags and surface
sterilised by immersicn in 0.001% mercuric chloride for 10
minutes {(McLean, 1947), rinsed in sterile distilled water and

plated to MA or PDA,

Co. SYHPTORMOLOGY

1. Foliage symptoms

Repeated isolations and inoculation trialswere
carried out in which descriptive records were taken and lesion

development studied.

(a) A.brassicicola

Lesions began as small black infection peoints,

slightly pitted and indistinguishable from those of A.brassicae.

Leaf tissue died in the region of infection and resulted in an
overall appearance of a lesion of a brown-green to brown-grey
colour. Cn advanced lesions the infected area vwas ''peppered”
with slightly raised blackish spots of the initial infection
symptom (Plate 18). Severe attacks were expressed as a rapid
withering and browning in the region of the infection compared

with the more even yellowing and wilting caused by A.brassicae

(Plates 19 and 20). Conseguently, A.brassicicola symptoms

may, in some cases, be confused with the symptoms of the black

rot bacterium Zanthomonas campestris (Pam.) Dows.
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(b} A.brassicae

This pathogen was the most frequently isolated
Alternaria species from choumcellier crops in the Manawatu,
Spotting was often prevalent throughout the stands on both
upper and lower surfaces of the leaves. Lesions began as
minute purplish-black spots less than 1 mm in diameter which
enlarged on older leaves to about 2-6 miz in diameter (Plates
18 z2nd 19). Infected leaves frequently yellowed, wilted,
and died off, Chlorosis began about the lesioned area but
resulted in a uniform discolouration of the entire leaf
(Plate 20). On older leaves degeneration of the lesion centre
to give a ''shot hole" symptom was common. On these leaves
the lesions were brown to black aﬁd often e#hibited the
characteristic ridging effect. On young foliage of mature
plants, death of the leaf was not repid and lesions were slow
to develop. These leslons appeared as whitish-grey spots
varying from approXximately 1-8 mm in diazmeter, with a well-

defined brown to purplish~-black perimeter (Plate 18},

Mycosphaerella brassicicola was the pathogen most

frequently observed in choumoellier crops but was distinguished
by the characteristic large definite "ringspot! symptom and

the presence of small black spermagonia and perithecia in

the lesioned area. Developing lesions of the fungus were

very similar to those caused by the Alternaria species but

generally appeared lighter in colour, with a less well-deiined
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Symptoms expressed by choumoellier leaves

artificially inoculated with A.brassicae

and A.brassicicola
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A.brassicae infection

A.brassicicola infection

Mebrassicicola infection

A.brassicae infection

M.brassicae infection

Top - HM.brassicicola infection

Middle - A.brassicae infection

Bottom « A.brassicicola infection




Plate 19

Field symptoms on choumoellier leaves

caused by A.brassicae, A.brassicicola

and M.brassicicola




Plate 20

Plant artificially inoculated with A.brassicae

showing advanced stages of infection



Plate 21

Plant artificially inoculated with A.brassicicola

showing advanced stages of infection



perimeter (Plate 19).

2. Seed head symptoms

A5 the HManawatu is not a choumoellier seed crepping
area 1t was not possible to conduct surveys on field expression
of the diseases. To overcome this problem seed heads wers
artificially inoculated with spore suspensions of the
respective pathogens and symptcm expression studied. In each
case a spore suspensiconof approximately 20,000 spores per ml was
misted over seed hneads bearing a few flowers and young

develeping pods through to near mature siliguas.

(a) A.brassicicola

Cn removal of the high humidity bags, numerous small
black "infection points'" were manifest on pods and stenms.
The styler ends of the siligquas wers discoloured on most pods.
At four days lesions were more prominent and the inoculated
heads lower down in the crop appeared to be most severely
infected, Lesiocns had not enlarged six days after inoculatien
but were slightly raised giving a characteristic "small spot!
or "pepper spot' symptom. At 10 days lesione appeared to he
superficizl znd on pod dissection no seed discolouration was
ohserved, Examinations mede one week later showed that
generally lesions had not advanced but in some cases had

to
J— .

penetrated"the developing seeds. In a final abservaition after
a o (=)

iy

20 days a discolouration of severely infected pods was noted

which was associated with a shrinkage oi tissue about the
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lesioned area and infection of seeds (Plate 2L arnd 25).

(b) A.brassicae

Lt two days little evidence of lesioning was
observed, but isolated infection polnts were apparent as
minute purplish-black lesions, which were more uniformly
distributed two days later. Lesions were larger and more
sunken six days after inoculation, giving a crater like
appesrance. Dissection of infected pods 10 days after
inoculztion showed infected tissue deep 1nto ithe pod wall and
discolouration of some seeds in close proximity to the lesion
was observed. By 30 days infection had resulted in shrinkage

and decay of the wod wall giving rise tTo lesions 1-7 mm long.
In some cases these encircled the whole pod but the effect

was locazlised to the lesioned area and genersl pod discolour-

ation did not occur (Plates 23 and 25)}.

Pod lesions caused by natural infection of

H.brassicicola were very similar to the symptoms caused by

A.brassicae. Differentiation between the two proved difficult,

but close observations indicated that HM.brassicicola lesions

were l1ighter in colour witn a more violet-brown appearance

compared with the purple to black spots caused by A.brassicae.

The raised leslon centires characteristic of the Alternarias

were not sc obvious for #H.brassicicola and lesion perimeters

appeared to be less well defined,



Plate 22

Artificially inoculated racemes of choumoellier



In the bottom print severely diseased siliquas

are dissected to show infected seed



Plate 23

Symptoms on siliquas artificially

inoculated with A.brassicae




In the bottom print severely diseased siliguas
P q

are dissecked to show infected seed



Plate 24

Symptoms on siliquas artificially

inoculated with A.brassicicola
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A.brassicae

A.brassicicola




Plate 25

The extent of lesion development on

siliquas artificially inoculated with

A.brassicae and A.brassicicola
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D, THE YIELD AND QUALITY OF SEED HARVISTED

FROM ARTIFICIALLY INGCCULATED SILIGUAS

Having studied the symptomology of the two
pathogens in seed crops and observed that discolouration of
seed i1n infected siliquas does occur, trials were conducted

to investigate the effects of A.brassicae and A,brassicicola

on seed yields.

Ta Effect of siligua infection on seed yield

In this experiment siliquas were harvested from
artificially inoculated seed heads seven weeks after
inoculaztion. After drying, the pods were stored before
examinations were made to investigate the guantitative and

qualitative effects of the inocculated pathogens on seed yield.
(a) Huantitative effects

¥ethod

-

For each treatment, that is, the A.brassicae and

A.brassicicola inoculations and the control series, three lots

of 100 siliguas were sampled and the weight of each lot
recorded. The pods were then carefully harvested by hand

and the seed yield for eacn group was weighed.

The data presented in Appendix VI was subjected to
an analysis of variance (analysis of variance tables are presented
as Appendices) and the significance of treatment differences

determined by a 't test.



RLESULTS AND DISCUSSICHN

{i) Effect of siliqua infection on siligua weight

TABLE 29

Comparison of the mean weight of 100 siliquas harvested
from inoculated seed heads (see Appendix VII)

Treatment ltean weight Probability of
(gn) a significant
difference from
the control
 A.brassicicola inoculztions 18.171 * ¥
A.brassicae inoculations 20,501 ¥ox
Uninceculated control 25.545
S.L. + 0. ©O1
d.05 = 2.442
— ra
d'01 = 5.707

The results of this analysis show that the weight of

100 siliquas from plants inoculated with both A.brassicicola and

A.brassiczse were significantly less (P <0.01) than the control.

In addition, L.brassicicola was very nearly significantly lower

than A.brassicae {(difference required at the 5% probability level

was 2.452; actual difference was 2.330). Tt is apparent then,
that siligua infection by both pathogens caused a restricticn in
development, and it is possible that this was also reiflected in

reduced seed yields.
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{ii) Effect of siliqua infection on seed weight harvested
TABLE 30

Comparison of the mean weight of seed harvested
from 100 siliquas (see Appendix VIII)

Treatment Mean weight Probability of
(gm) a significant
difference from
the control
A.brassicicola inoculations 5.588 * X
A.brassicae inocculations 5.700 * ok
Uninoculated contrel 8.599
S.E. + 0.26
= . Q
d'O5 0.919
Aoy = 1.392

The analysis shows that there was no significant
difference in weizght of sszed obtained from 100 siliguas harvested

from seed heads inoculated with A.brassiciccla and A.brassicas.

However there was a highly significant (P <0.01) reductien in
the weight of seed harvested for both of the inoculated series
when compared with the control. On a percentage basis, seed

harvested from pods inoculated with A.brassicicola yielded

35,05 less seced than the coatrol and a similar reduction of

33.7% was caused by the A.brassicae inoculations.




(b) GQualitative effects

Method

In this experiment, the seed frowm each 100 siliqgua
replicate was divided; one half being subjected to a G.5.T.S.
germination test, and part of the other half plated to HMA
after surface sterilisation in mercuric chloride. In each

case three replicates of 100 seeds were tested.
TABLE 31

Comparison of the meapn germination percentages of sced
harvested from infected siliquas (see Appendix IX)

J'-!;
|_J"'V‘"
Treatment Meanixﬁigh% Probability of
{2 a significant
difference from
the control
A.brassicicola inoculations 71 * ¥
A.brassicae inoculatiions 79 HS
Uninoculated control 35
5.E, + 2.5
do - °
05 73
d. = Ca
01 747

The analysis shows that infection of siliquas with

A.brassicicola resulted in a seed line of lowered germination

capacity (P <0.01) compared with the control, and compared with

the seed harvested from the A.brassicae inoculations (P <Q0.05).

NS No significant difference
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The difference netween A.brassicae and the control was nearly

significant at the 5% level (d. = 7.3; actual difference =

05

6). Inoculation of seed heads with A.brassicicola has therefore

caused a reduction in the germinability of the line, thet is,

its quality has been reduced. A.brassicge was shown in the

previous experiment to reduce the guantity of sesed harvested,
but con the basis of the above results, does noi appear to cause

a gualitative yield reduction.

(iii) Effect of siligqua infection on seed infection

TABLE 32
Percentage infection of seed harvested from
inoculated siliguas
Treatment Replicate Percentage Mean
infection
1 z 3
Siliguas inoculated 1 7 > 9 7.00
with A.brassicicola 2 14 8 8 10,00
3 3 7 12 9.00
5iliguas inoculated 1 O 0 o o
with L.bragssicae 2 O O G o
3 Q 0 O ]
Ziliguas incculated 1 o o 0 o
- control 2 0 0 C 0
3 O G 0 0

The results in Table 32 suggest that seed infection by

L.brassicae had not occurred. However positive isolations made

in the "symptomology" investigations indicated that some infection



had taken place. In view of the results obtained in Chapter IT
Section D.1, on the viability of seed infection, it would

appear that A.brassicae has not survived the five months storage

pericd between the harvest of the seed and the time at which
the health screening trial was carried out. This in turn may
be associated with the relatively small reduction in germination

percentage caused by A.brassicae as compared with A.brassicicola.

In the above trials it appeared that the amount of
Npinched' znd small seed was proportiocnately greater from
incculated siligquas than from the controls. This was shown to
be the case by grading a 100 pod harvest for each of the
treatments into size categories (Plate 26) using sieves of
different mesh diameters. Furthér experiments were conducted
to examine this effect more closeiy= That is, to investigate
the effects of siliqua infection on seed size, and in turn, the
effect of the’small seed on thé guality of the harvested line.
In addition, the effect of the severity of pod lesioning on

yield was investigated,

2o EBffect of siliqua infection on the size of seed harvested

(a) QJuantitative effects
Method
Three 5 zm samples were taken from the bulked supplies
of ssed harvestied from siliquas indexed to the categories of "milgh,
“fairly severe'', and "severe', on the basis of external siliqua

lesioning. Zach sample was sieved through a series riddles of
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Control

A.brassicicola inoculations

A.brassicae inoculations

7 2.0C7 mm

> 1.657 nm < 2.007 mm
71.270 mm 21,6517 mm

>0.838 mm <1.270 mn



Plate 26

Effect of siligua infection on

the guantity of seed harvested
from 100 pods
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the following diameters : 2,007 mm; 1.650 mm; 1.270 mm, and
0.3038 mm. The weight of seed retained between each riddle

size was recorded.

The "raw' data presented in Apvendices X, XI, XII and
ZITI was subjected to analyses of variances and the significance

to treatment differences determined by a "t¥ test.

RESULTS AND DISCUSSION

(i} Effect of siliqua infection on the percentage weight of

seed retained by the 2.007 mm sieve

TABLE 33

Comparison of the mean percentage weight of seed from incculated
siliguas retained by the 2.007 om sieve (see Appendix H{IV)

Treatment Mean percentage Probability of
welght a significant

difference from
the control

A.brassicicola Siight 18.1 1S
Fairly severe 18.9 198
Severe 16.6 HS
A.hrassicae 51ight 3.3 o
Fairly severe 15.7 N5
Severs 8.3 ok
Control 16.9
5.5, + 13
a°05 - ?lg

d.01 = 5.5
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The analysis shows that compared with the contrel, pod

infection with A.brassicicola did not affect the weight of seed

retained at a sieve size of 2,007 mm, "31ight" and "severe!

but not "fairly severe! siliqua lesioning with A.brassicae

reduced the percentage weight (P €0.01) significantly,
compared with the control.
(ii) BEffect of siliqgua infection on the percentage weight of

seed retained by the sieve size grouping

>1.,657 mm < 2.007 mm
TABLE 34
Comparison of the mean percentage of seed from inoculated

siliquas retained at the sieve size groupings
>1.651 mm « 2,007 mmn {see Appendix XV}

Treatment Mean percentage Prebabiliity of
weight a significant

difference from
the control

f.brassicicola Slight 56,8
Fairly severe 58.4
Severe 58.0
A.brassicae Slight 61,0 *
Fairly severe 57.7 *
Severe 61.0 *
Control ?3.3
S.E, + 1.5
d.05 - J‘+o6
d. = 6a'l+




The

degree of pod

lesioning or the inoculated speciles

O
(%
-

anglysis shows that irrespsctive of the

involved,

when compared with the control, 2ll infected siliquas produced

less (P <0,01) percentage weight of

size category >1.657 um

seed retalned at sieve

< 2.007 mm,

{(iii) ZEffect of siliqua infection on the percentage weight

TABLE 35

Comparison of
inoculated

of seed retained by the seed size

category > 1.270 mm <1.56517 mm

the mean percentage weight of seed from
siliguas retained at the sieve size

>1.270 mm  <1.651 mm (see 4ppendix XVI}

groupings
Treatment #iean percentage Probability of
welght a significant
difference from
the control
A.Drassicicola S1ight 23.0 *
Fairly severe 23,2 *
Severe 2.k *
A.brassicae Slight 2L.7 *®o®
Fairly severe 24.8 g
Severe 29,8 g
Control 7.7
S.E. 123
do = L:*.O
05 7
de = 5.65




The analysis shows that a greater percentage weight
(P <0+01) of seed was retained from the infected siliguas
(irrespective of the inoculated pathogen or the degree of
siligua lesioning) than the controls, by a sieve size grouping
>1.270 <1.651, It appears then that the main effect of both
pathogens has been to increase the amount of small seed { >1.270
< 1.651) relative to the next largest size grouping ( »>1.651

< 2.007}.

(iv) ©Bffect of siligua infection on the percentage weight
of seed retained by the sieve size

grouping > 0,838 mm <1,270 mm

TABLE 36
Comparison of the mean percentaze weight of seed from incculated
siliquas retairned st the sieve size grouping
»0.838 «1.270 (see Appendix XVII)

Treatment lean percentage Prokability of
veight a significant

difference from
the control

Ade.brassicicola S1light 1.1 *
Fairly severe 0.8 M3
Severe 1ok *
A.brassicae Slicht 2.2 *ox
Fairly severe 0.8 Hs
Severe 0.8 NS
Control Gal
S.hE. + 0.3
&°O5 = 0098
s = 1;35




The analysis shows that there has been an increase in
percentage weight (P < 0.05) of seed retained by the >0.838
£ 1,270 size grouping for seed harvested from "slight't and

"'severe'" siliguas inecculated with A.brassicicola, and a highly

significant increase (P < 0.01) for seed from "“slighi" siliquas

inoculsted with A.brassicae. However the smeall amounts of seed

involved mean that even a few seeds missed at harvesi could

severely bias the results. The conclusion is made then, only
that there are indications that the amount of seed of the size
grouping > 0.838 <1.270 mm, has been increased due tec siliqua

infecticen by A.brassicae and A.brassicicola.

(b) Qualitative effects

Method

In the previous trial three 5 gm replicates of seed
were harvested from siliguas indexed to infection categories on
the basis of external lesioning. The seed was then graded into
size groupings, and in this experiment a seed sample from each
of these grounings was subjected to a &.5.T.S. germination test,
and a further sample plated to MA after surface sterilisation
in mercuric chloride. Unless otherwise stated, three 100 seed

replicetes were investigated,

RESULTS AND DISCUSSION

(i) Effect of siligua infection on the germination

percentage of seed retained by the 2.007 mm sieve



D
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Comparison of the mean zgermination percentage of seed
inoculated siliguas reteined by the 2.007 mm sieve
{(see Appendix XVIII)

. . e \ o Lo
Treatment dlean germination Probability of

4 . - e
(22) a significant
difference from
the contrcl

A.brassicicola Slight 4.3 *oE
Fairly severe 78,6 KS
Severe 68.0 »o®

A.brassicae Zlight 86.0 NS
Pairly severe 75.6 *
Sevare 36.0 s

Control 85.6
5.1 + 2,43
d.O5 = 7.53
Aoy = 10.45

The analysis shows that relative to the contrel,

A.brassicicola siliquas indexed to the "slighi” category, exhibited

a reduced (P <0,01) germination percentage. Seed from the
"severe® category also had a reduced (P< 0.01) germination

percentage and seed from the "fairly severe'" category was

almost significantly reduced (d.05 = 7.53; actual difference
7.00). In the A.brassicae series only the "fairly severe®

group was sigpificantly (P <0.05) reduced in germination.
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(i1) ©Effect of siliqua infection on the germination percentage
of seed retazined by the sieve size grouping

>1.651 mm < 2.007 mm

Ti#BLE 38

Conparison of the mean germination percentage of seed from
inoculated siliquas retained by the >1.651 mm <2.007 mn
sieve size grouping (see Appendix XIX)

Treatment Hean germination Probability of
() a significant

difference from
the control

A.brassicicola Slight 70,6 *ow
Falrly severe 77.6 NS
Severe 4.3 %
A.brassicae Slight 86.0 NS
Fairly severe 81,0 NS
Severe 91.6 NS
Control 85.0
S.E. + 2.66
doo5 = 8007
doO,I = 11.19

The analysis shows that compared with the contrel

A.brassicicola ''slight" has decreased germination (P<0Q.01)

percentage, as also has A.brassicicola "severe" (P<0,05);

seed from pods indexed to "feirly severe! was almost significantly

reduced (d&05 = 8.,07; actual difference shown 7.33).

4gain the infection of siliguas by the pathogen A.brassicae has

not significantly reduced germination percentage of the seed.
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(iii) 3Effect of siliqua infection on the germination percentage
of seed retained by the sieve size grouping

>1.270 mn <£1.651 mm

TABLE 39

Comparison of the mean germination percentage of seed from
inoculated siliguas retained by the >1.270 mm <1.,651 mm
sieve size grouping (see Appendix XX)

Treatment Hean germination Probability of
(3 a significant
difference from
the control
A.brassicicola  Slight 75.6 * o
Fairly severe 52.0 NS
Severe 40.6 *
A.brassicae Slight 49,6 HS
Fairly severe 61,0 NS
Severe L) %
Control 55.0
S.d. + 4,25
d.05 =  12.87
degq = 17.862

There appears to be no relationship with the severity
of pod spotting and the percentaze germination of seed. Only

seed harvested irom A.brassicicela Y'sewvere' pods is significantly

lower (P <0,05) in germination capacity than the control. In
fact seed harvested from "slightly" infected siliquas from both

the A.brassicicola and A.brassiceze inoculations has a germination

capacity significantly greater (P< 0.01) than that of the control.
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(iv) Effect of siligua infection con the percentage weigh
of seed retained by the sieve size grouping
>0.838 mm <1.270 am
The results presented in Appendix X1I demonstrate
that even on a moist agar medium this seed is nearly always
incapable of germination, and is unlikely to produce a normal

seedling.

(v) Effect of siliqua infection on seed infection for
various seed size groupings
The results presented in Table 40 are further
evidence for the lack of persistence of A.brassicae as 2 viab
seed infection. In total, a considerably larzer percentage
of the seed harvested from siliguas "severely" infected with

A.brassicicola, were also infected by this pathogen. It doe

appear that generally there i1s an increase in seed infection
with an increase in the severity of siliqua lesioning, and th

small seed cbtained from infected siliquas is more often

infected than large seed.

Se Discussion
It has beern shown that siliqua infection by both
vathogens resulted in reduced pod weight. Similarly, the

ield of seed harvested frem the infected siliquas was

>

significantly less than that harvested from the controls.
Bpeciiic investigations on seed of various sizes showed that

in both cgses this effect was manifest azs z decrezse in seed

t

le

5

at
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TABLE 40
Effect of siliqua infection on seed infection for
various seed size grovpings
Treatment Degree of pod Sieve sizes infection %
Lesioning
1 2 3 Mean
hobrassicicola Slight »2,007 2 2 2 2,00
inoculations >1,651 < 2,007 1 4 4 3,00
>1. 270 <1,651 5 9 6 6o 65
>0,638 1,270 4 12 - 13,00
Fairly severe 72,007 i i 3 2,00
71,651 <2,007 9 9 3 8,66
.20 <§.651 5 7 8 6,66
>{]e 838 <Tq 270 6 5 L 5950
Severe >2,007 5 4 3 4,00
71,651 < 2,007 9 5 4 6,00
1. 210 <1.45% & 9 7 1,33
70,838 <1, 210 2 16 - 14,00
4, brassicag Slight >2,007 0 0 0 0
. Lati 71,651 < 2,007 ] 0 0 0
inocutations $1.210 <1,651 0 0 0 0
70,838 <1, 270 0 0 0 ]
Fairly severe »2.007 o0 0 0 & 0
21,651 = 2,007 0 ¢! 0 0
1,710 <1,651 0 0 | 0
>0,838  <1,270 0 2% - 1.0
Severe > 2,007 ¢ 0 0 0
21,651 < 2,007 0 0 0 0
1210 <1,651 8 0 0 0
>0,838 <1,210 0 ] - 0.0
Gontral 72,007 0 0 0 ]
71.65% < 2,007 0 0 i} 0
71,270 <1,651 0 0 0 0
»0,838 1,270 Z 0 v 1.0

4, brassicicola




the »1.6571 <2.007 mm size grouping and a corresponding

increase in the seed of the »1.270 < 1.651 size grouping.

Seed harvested from racemes incculated with

hebrassicicola was considerably reduced in germination capacity

relative To the control, and studies on sesd of various sizes
showed a germinztion reduction at each size grouping down to
the »1.270 <1.651 mm size. Seed in this latter category
was generally reduced in germination irrespective of the
treatunent. On the other hand, seed harvested from racemes

inoculated with 4.brassicae did not cause a marked germinstion

reduction and this was also evident in germination trials on
the various seed size groupings. It is tempting to conclude

that the effect of A.brassicae on seed yield is solely a

gquantitative one. However Thicle (1965) showed that there was
a substantial difference in performance {germination, rate of
germination, vigour, soil growth and weight of crop) between
small seeds and large seeds of a number of different kinds of
vegetables. In his trials the germination percentage of
cabbage seed was 92% (large seed) and 56% (small seed} and
further, the average fresh weight of seedlings grown from small
seed was only 57% of the weight of those grown from large

Seed, six weeks after plating. It follows then, that any

nrough reducing seed size is

o

faciors which affecis yield
likely to have an indirect effect on the guality of the

harvested line,



Although in terms of tetal yield, a crop may be poor,
the gquality of the line finally marketed can bhe "improved™
through the cleaning znd dressing processes but the losses
incurred due te the elimination of small seed are a direct loss
to the grower and constitute a reduction in the guantity of his
saleable product. In the above experiments reductions in the
weight of seed harvested in the order of 35% were associated

with the A.brassicicola inoculations, and yet the harvested

line exhibited only a 7-10% infection on plating to agar.
However it must be conceded that the above results were
obtained under atypical cenditions in that firstly, the sesed
heads were artiiically inoculated with the pathogens which in
turn were given avery oppertunity to successfully infect;

and secondly, the crop was grown in an area far removed from
the normal choumoellier seed cropping areas of the South
Island. An attempt fo relate the above results to South

Islzand conditions was made through the examination of seed

end crop samples received from Scuth Island growers.

B, AXAMINATION OF NATURALLY INFECTED FIxTD CROP SAMPLES
Contact was mado with growers of choumcellier seed
crops through the co-operation oi Field Officers in the
Department of Agriculture. As a result samples of foliage
from six crops were received for inspection over the period

between August and November, 1965, Ad.brassicicols was isolated
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from four of these crops and both A.brassicse and A.brassicicola

from one. On request, samples of seed "ex the will" were
received from five crops after harvest and the seed was

investigated for infections of A.brassicicola.

Fethod

Three replicates of 100 seeds each from the Yfirsts!
and "seconds" (where wvossible) of each line were surface
sterilised in mercuric chloride and incubated on MA for six
days at 240C.
RBSULTS AND DISCUSSICHN

The results presented in Table 41 show that although
there was extreme variability between reglicates within each
sample, tThe general pattern is for the small seed grouped as

"seconds'" to exhibit g higher percentage infection of A.bhrassicicolas

than the "firsts'. This seed represents the first loss to

the grower, and as much of the top seed in 211 samples was also
"pinched" znd shrivelled!, further losses would be incurred with
machine dressing. However no control cver the field sampiing
procedure was possible either for the seed samples or the foliage
materiagl received. 3ut from comments msde by Field Officers
from the Department of Agriculture, from the growers themselves,
and from laberatory examinations of leaf material and crop

debris 1t was apparent that more than one pzthogen was present

in each cron. The "Y"ring spot fungus'" M.brassicicola was most

frequently referred to and was in evidence on zll the samples



TABLE 41

Iselations from field samples of choumoellier seed

Seed Line

Percentage of A brassicicola isclated

fFirgts! "Seconds®
1 2 Hean 1 2 3 Mean
4 4 2 3,33 2 3 10 5,00
8 5 5,00 20 15 13 16,00
0 4 2,33 - - - -
2 0 1.66 - - - -
11 A 9,33 7 18 10 11.66

*4L0L
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received. Symptoms typical of the "black rot" organism

X.campestiris were also observed on samples irom three crops.

It can only be concluded then, that A.brassicicola was present

as one pathogen in x complex of diseases which may have aifected

the ulfimate crop yield. The percentage infections of
A.brassicicola in seed of two crops (N2 and N5), were comparable

to those obtained in seed from the zartificially incculsted

- 2 1

t is possible that in these crops, losses due to

n

trialis.

A.brassicicola infections may have been comparzble with those

recorded in the artificial irncculation series.

Fo. HMECHANISH OF SEED INFECTION AND SEED LOSS

Two facts were established 1n the previous

experiments of this Chapter, namely :

(i) that pod infection by either species of Alternaria

can cause a reduction in seed quantity and gquality;

(ii) that pod lesions may extend deep into the siligua
wzll, causing discolourstion of seed and often

arresting development.

The latter observation supporis the work of
deimer (1924) who showed by isolatien of the fungus from
cauliflower seeds taken from beneath the lesions on partly

mature pods, that A.brassicicola can grow thrcugh the seed

pods and infect seeds, Purther, spores of the fungus vere
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identified or seeds taken from pods which had not yet begun
to dehisce. In similar work on radish, McLean (1947)
mentions seed infection resulting from lesioning and
mycelial penetration of pod tissue by A.raphani. McKay

(19%6) reported a similar action for A.brassicae and

A.brassicicola, and lcDonald (1939} found mycelium of A,brsssicac

to completely envelop the seed in some inoculations of rape

o

lants,

o1

fihile a direct effect of the pathogens on develoning
seeds of choumoellier causes some losses, 1t appears that other
gffeclts may be involved. For example, Heergaard (1945)
reparted severe losses due to premature drying out and splitting

of cabbage seed pods cavsed by A.brassicicola infections.

Examinations and isolations from infected siliguas were
conducted in this study to investigate the mauner in which

zeed infection and seed loss occurs in choumcellier,

1e A.brassicicola

Severely infected siligquas appeared shrunken and
discoloured with & general darkening of the straw colour.
Dissection of these pods showed that seeds immediately below
the badly lesioned areas were shrivelled and in many cases had
not developed at all. In the most severely attacked siliguas
szed was shrunken throughout, but in others the effect was
localised and confined to the immediate area below the lesion

or extending to a few adjzcent seeds. Oiten seced was observed
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to have germinated in situ.

In some instances a splitting of the pod was noied
and in many of these siliquas the placenta (Figure 12) was
discoloured by a blackeniag which encompassed the replum and
seed funicle. Shrivelled seed was also obtzined from pods
with a minimum of visible spotting and in many of these cases
discolouration of the pedicel was apparent. Gther siliguas
exhibited a darkeninz in the stigma and beak region, often
asgocliated with separation of the carpel walls along the line

of the placentas at the terminal end of the pod,

Az a result of these examinations and the results
obtained in yield trials it is postulated that the guantity
and guality of sesed harvested may be influenced in four ways

by the action of the pathogen A.brassicicola on racemes of

choumcellier i~

(i) The penetration of the siliqua wall and direct
infection of seed in close proximity to the lesion.

If the seed is infected at an early stage,

development may be arrested, resulting in shrivelled
seed., It appeared that spread from such an infected
cehtre may occur within the vod, along the line of the
placentas and through the soft papery tissue of the
replum. This was evidenced by discolouration
extending beyond the initially lesioned areas of the

pod wall {(Plate 28)., The moist conditions within
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the siligua and vulnerability of the replum
probably facilitate spread. In many siliquas

the fungus had ramified throughout the interior

-y

of the ped causing the zeneral discolouration often

observed in severely diseased examples (Plate 28).

(ii) Diseasad pods coften exhibited splitting along the
sevtunm, Bxaminaticn of these pods showed the
vlacentas in the region of the dissociation to be
darkensd and consiricted. It appeared that
infection and lesioning resulted in shrivelling of
this tissue giving rise to pressures from ceontraction

with ultimate splitting of the siliqua (Plate 27)

and subseguent seed loss,

Infection of the beak may also cause constriction at
the terminsl end of the siligua, differentisl pressures

A

agein causing a splitting along the lire of the

u|

53

septum (Plate 27).

(iii) Pedicel and pod atiack early in the development oi a

]

pcd may restrict the flow of reserves tou the seed and

;

be expressed ir an individual loss through sesd

being resiricted in bulk but pathogen free.

{iv) Through splitting of the sced coat and prematurs

germination in situ (Plate 27).

Siliquas exhibiting constriction and splitting were



Germination of seed in situ
3iligua dehiscence

5iliqua dehiscence along the septum



Plate 27

Mechanism of seed loss from siliguas

due to A.brassicicoela infection




Infection via the siliqua wall and
spread through the papery replum

Infected placental and replum dissected : +
from an infected pod



Plate 28

Spread of A.brassicicola within

infected siliquas



observed on nunerous cccasions but & serles of isolations were

carried out to subsiantiate suppositions (i), (iii} and {iv}.

lie thod

S5ections were removed from the internal tissue of s=zed
pods using sterilised instruments and plated directly te KA.
External structures such as pedicel and nod wall tissue were
surface sterilised in a 1:1 mercuric chloride and alzcohol

goluticn.

REBULTS AND DISCUSSION

Plating shrivelled segeds which were in close proximily

ta the pod leslons gave & high percentaze infeclion, indicating
g

that penetration and iufection of the pod wall may result ia
ssed infection, {(Table 42).

A high percentage of positive isclations from repla,
paacental tissue and seed funicles substantiaves tne theory that

the fungus can spread from an infected seed centre to other

ja N

seeds within the pods by infection of these parts. Further

evidence is provided by the large prowortion of infected seeds

which were =situated close to the discoloured placental tissue.

In many cases this seed was taken from a chanmber on the opposite

8
1.

latin

05

side of the placenta frow the lesioned pod wall,
"plumped seeds Irom pods showing external lesioning resulted in
a 1235 infection indicating that only limited peneitration to the
seed had ceccurred. Lesioned pedicel tissue gave a high level of

infection but seed from the tedicel end of such pods were not



TABLE 42

tsotation from siliquas infected with A&, brassicicola

113

Origin and nature of

Treatment prior 1o

Mo, of isolations

Percentage

the tissue plated plating made pathogen recorded

Severely lesioned pod wall Chemical surface W 17.5
tissue sterilisation

Shrivelled seeds associated None 109 80
with severety lesioned
siliqua wall tissue

Discotoured tissue of the None 25 100
replum

Discoloured and lestoned Chemical surface 25 60
placental tissue sterilisation

Seed fupicles associated None 20 60
#ith infected replum and
placental tissne

Seed adjacent t¢ infected None 50 58
replum and placenta

Plumped seeds from pods Hone 00 12
showing severe lesioning
without discolouration of
the replum or placenta

Pinched and small seeds fram None 50 6
pads with slight lesioning

Lesioned pedicel tissue Chemical surface 20 80

sterilisation

Seed from the lesioned None 50 4
pedicel end of pods with
minimal spotting

Seed exhibiting germination None 20 75

in sita
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senerally infected, It is not likely then, that seed infection
ccocurs viz mycelial growith through the pedicel into the peod,

but pedicel zttack may be instrumental in cauvsing a reduction

of seed size due to constriction causing impedence of food

=

material at the time of seed bulxing. urther, on the hasis

the above resulis the germinztion of seed in the nods is

fury
[
;

a]

%

atitributed to the effect of fL.brassicicola.

2a A.brassicae

Pods were ilnspectied after heldipng as in the previous
investigation. In contract to siliguas infected with

Af.brassicicola, general discolourstion of the pod was rars,

the normal straw colour being retained azlthough sevarely
blemished with purplish-black localised lesions. Lesioning
penetrated through the siligqua wall and sSeeds immediately below
the discoloured tissue were frequently pinched and shrivelled,
The replum and placental tissue was discoloured in some cases

but not as frequently as in the fA.brassiciccla incculated

series. Splitting of pods along the line of the senptum was

observed, but again less frequently than for AL.brassicicols.

Loss of seed yield caused by A.brassicae appeared

ro illustrated by A.brassicicols attacks,:i~

ﬂ
2
¥
)

e
©
ot
o
o

to Tfollow

(i) Tnrough the direct affect of the fungus on the seed
after penetration of the seed ped, with some spread

cccurring inside the pod.



115

(ii) The indirect loss duve to failure of seed to bulk as

& consequence of severe pedicel attack.
(iii) Premature splitting of pods znd dehiscence of seed.

Tissue isolations were made {o HA as in the previous

RESULTS AND DISCUSSION
The results presented in Table 43, provide further

evidence for the lack of persistence of A.brassicae infections

in dried host material, Hoviever the isolation of some
colonies from "pinched seed!", even though only a small
percentage, was in contradiction to the plating trials in the

seed yield studies. In these experiments many hundreds of

seeds were plated without successiul isoclation of A.brassicae.

These results could be interpreted in two ways

(i) that seed stored within the siliguas was not subject
to as stringent dryiang conditions as the harvested

seed and therefore some infection persisted;

(ii) that the infection was only superficially established
in the seed coat and was eliminated by the surface
sterilisation with mercuric chloride employed in the
yield screening method.
ven if the latter was the case it was still apparent

from the above results that very few seeds were in fzct infected

by A,brassicae.



TABLE 43

Isolation from siliquas infected with A, brassicae

Origin and nature of the . No, of isclations Percentage
. Traatnent
tissue plated nade pathogen
Severely lesioned pod wail Chemical surface 50 5
tissue sterilisation
Lasionad pedical tissue Chemical surface 15 1
sterilisation
"Pinched® seod from severely None 50 8
infected pods
Discoloured tissues of the None 15 0
replum
Discoloured and [esioned None 15 0
placental tissue
*PLump" seeds from severely Hone 50 0

infected pods
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G. DISCUSEIQN

In artificial inoculation trials, A.brassicae and

s,.brassicicola were shown to cazuse considerabls reductions in

the total weight of seed harvested per 100 siliquas, which was
exnressed mainly as a reduction in seed size. The incresse in

o)

the amount of light seed harvested from inoculated pods is
evidence for a direct effect of siligua infection on the seed,

but the yleld reductions recerded must be regarded as a relative

only, =zs further unaccounted for losses certainly occurred irom

hy
w
Q
ot
ol
4
0

premature dehiscence of pods in the fleld, In eaddition,

such a8 incculum leoad, environumental conditions and stage o

b

influence on the

o)
o
=

growtn at the time of infection way have ha
final recorded effect. For example, Stevenson (1945) working
on the pathogen A.ricini (Yoshi) Hansford, infecting racemes

of castor-bean (Ricinus communis L.} noted that inflorescences

at any stage of develcpment were attacked, In the case of heavy
infections young racemes aand even Tlower primordia were killed.

Schimmer (1953) ohserved in the course of her work that dying

parts of the flower nhead were readily colonised by i.brassicicola,
thus providing a source of inoculum close to the developing

fruit. In the inocculation trials in this study most pods were
well developed st the time of inoculation gnd hence it is

possible that infections at an earlier stase could cause

considerably greaier losses. FPinally, thers is the possibility
of foliage infection and prsmature defoliation causing a



reduction in the photesynthetic iissue area of the plant which

may indirectly cause yield reductions.

Of the two Alternaria species, A.brassicicola was the

most frequently isolated from crop material received from seed

]

ield samples of Government

T+

growers and was also isolated from
nuclaear seed crops of giant and medium stemmed cnouvmoellier,

Eowever the complex of foliage and siliqua disgase on

(5

chouricellier suggest that in the field, many pathogens could
be involved in seed yield effects. To clarifiy the position
as regards New Zealand produced choumoellier seed croos, more

extensive work is required in field surveys of South Island

stands,



CHAPTER V

A& COHBIDERATION OF HEALTE

SCREENING METHODS
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A, INTRODUCTION

Routine seed health testing procedures are chiefly
based on examination of seeds and seedlings after a period of
incubation under controlled condiitions of temperature and
humidity. Testing methods have been developed more or less
independently in various countries and differences in details
between stations have resulted. For example, the containers
used, the types of blotters, kinds of agar media, the incubation
temperature selecfed and the length of the period of incubation
often vary between stations (Heergaard 19653). The reason for
this lack of uniformity in methods of disease diagnosis may be
attributed primarily to the development of techniques by
individual laboratories which were especially suited to their

own requirements, facilities and personnel (Moble 1951).

In the report on the First International Conference
on seed pathology (I.5.T.A., 1958) attention was drawn to the
need for world-wide co-operation between seed pathologists for
substantial progress to be made in this field. At the
Conference the results of health screening tests on sezd samples
which had been distributed to many stations throughout the
world were discussed. On the basis of the results obtained,
the meeting proposed standardised testing methods for certain
seed-borne diseases, which included a blotter method utilising
2,4-D* as a germinaticn inhibitor for brassica species. In a

later publication, Noble (1965) recommended a blotter test and

* 2,4«Dichlorophenoxyacetic acid
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an agar plate method specifically for the detection of the

pathogens A.brassicae and A.brassicicola when associated with

brassica seed. In this study in the course of preliminary seed
screening tests using both these methods, disparities in the
resuits between methods were observed, and further, certain
inherent limitations in each techrigue were apparent. In view

of the presence of both pathogens in Hew Zealand produced
choumoeliier seed (G.S.T.S5., 1963 and 1564) and the ready
availability of diseased lines, the wheole question of screening
choumcgellier seed for the twe pathogens was investigated. In
this work full consideration was given to the following

principles considered by de Tempe (1951) fto be of major importance

in any recommended seed health testing method @
(i)} the pathogen should be easily identified;

(ii) the results cbtained should be duplicable for one

sample and comparable for different samples;

(iii) there should exist as close a relationship as possible

between laboratory resulis and field performance;
(iv) the method should be cheap, simple and guick;

(v} the level of results should distinguish between
disease-free, slightly, and severely infected samples
and enable distinction between a seed crop of geod

and bad years.
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B. THE BLOTTER HMETHOD FOR SELED HEALTH TESTING

A blotter method invelves seed placement on moist
blotters and incubation for a predetermined interval under
controlled temperature and high humidity conditions. It is
essentially the humid chamber method of plant pathological
diagnesis adapted to seeds, and hence the pathogenic activity
of the fungus on the growing plant is observed. This in turn
enables an evaluation or indexing of the severity of the
observed symptoms. Saprophytic species so often present on
the seed do not cause infection and are therefore of little

consequence in a blotter test, (Plate 29).

The method recommended by Noble (1965}, for the
identification of the two Alternaria species inveolved an incubation
period of six days at 18-20°C in Near Ultra Violet Light in a
12 hour light/12 hour dark cycle. Identification of the
pathogens was based on comparative symptowmology and microscopic
examination of sporulating materizl. Preliminary trials
proved this method not to be altogether satisfactory, Consider—
able time was involved in the microscoplc examinations and there
was some doubt as to the reliability of visual appraisal of
symptoms on seedlings. Further, from previous cobservations in
germination trials (Chapter II)} it seemed that seedling contact
during growth on blotters could bias results in favour of a

t al (1950) used 2,4-D

higher infection percentage. Haghorg

as ar inhibitor of seed germination and this technique was
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adapted by the I.5.T.A. {1958) for bletier health tests of
brassica sesd, Such a method could possibly overcome the
problem of contact between diseased and healthy seedlings

during the test.

Irn view of these criticisms experiments were

conducted to examine clossly :
(i} the reliability of eye appraisal in blotter tests;

{(ii) the extent to which contact infection between seedlings

may influence the results;

(iii) the value of germination inhibition by the use of

2, 4=D.

e Species identification

Two seed lines known to carry inoculum of both pathogens
were subjected to a blotter test as described by Noble (1965},
and examined independently by two analysts. Identification of
the pathogens was made by microscopic examination of dead seeds
and decaying seedlings and by fellowing the symptom descriptions
characteristic for each sSpecies,. Two samples of 300 seeds
from sach seed line were investigated., Individual seedlings
were examined snd tentative identifications on the basis of
symptoms either confirmed or discounted by plating the lesions
to a selective "PDA/streptomycin' agar as develcped for the

“combination technique™ (section D 1),



Plate 29

Seedling symptoms caused by

L.brassicicela during a blotter test




RESULPTS AND DISCUSSION

It was apparent from the resulis presented in Table 46
that identification of pathogens to species level was not
relisble. The main difficulty encountered was in the

identification of A.brassjcae lesions as there was a great

variation in the symptoms expressed by this pathogen. It
should alsoc be noted, that in many instances cotyledonary
lesions gualifying the description for A.brassicae were sterile
on plating to agar. As the above results include the positive
microscopic examinations it is zpparent that the method as a
whole may lead to extremely variable results the level of which
vould in part be dependent on the relative experience of the

analyste

2e Contact infection in blotter tests

de Tempe (1963a)concluded that a spacing of about
2 cm between sesds is necessary to prevent contact infection in
a blotter test. In germinaticn tests and blotter health tests
conducted in this study 2 c¢m ssed placement centres were used.
However, although seeds were placed at this distance, on
germination the position of the resultant seedliing was not
constant and contact between seedlings frequently occurred.
This was especially so where severely attacked seedlings

collapsed after emergence (Plate 30).

An experiment was conducted to investigate the

possibility of contact infection occurring in a blotter test



TABLE 46

tdentification of Alternaria infectiions of seedlings to species tevel

Secd Line Analyst A, brassicicela infections A.brassicae infections
No. of infections ! Mo, correctly | % correctly No. of infections | No, correctily | 2 correctly
identified identified identified identified identified identified
[}} A 45 30 65 15 5 33
B 30 18 60 A 6 25
QZ A 28 25 89 12 3 25
B 25 19 76 22 4 18

“HZL



Plate 30

"Contact! infection between

seedlings during a blotter test
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for choumoellier seed contaminated with A.brassicicola, thereby

biasing the results against the seed line,

Method
Seed from the bulked supply of a disease-free line
was surface sterilised, rinsed, and dried. A sample of this

seed was then 100% contaminated with A.brassicicola.

Four 100 seed replicates were set out on blotters,
only 5% of which were contaminated with the fungus. Two
further series of four 100 seed replicates were similarly set
out, but in these the level of contaminated seeds per series
was 15% and 30% respectively. As controls, for each of the
above three levels of contamination a parallel series of four
100 seed veplicates were set out in individual cells formed by
plastic "heoneycomb' sheeting on germination trays. Each cell
was 1.6 cm deep with sSeed placement centres of 2.5 cm. It
was intended that the cells would provide a physical barrier
and in effect prevent contact infection between diseased and
healthy seedlings. It was reasoned that if contact infection
gccurred using the standard blotter tesi, then a higher
infection percentage would be recorded for this method than

for seedlings grown in individual cells.

RESULTS AND DISCUSSION
The results presented in Table 47 show that while
some contact infection cccurred, more particularly at high levels

of seed contamination, this did not appear to be serious. At



TABLE 47

Contact infeatien in 2 blotter health test

Leyel of scod
contamination ¢

4 infected seedlings recorded

& days

10 days

Standard
blotters

Honeyconb
cells

Standard
blatters

Honeyconb
cells

Hean + S.E

Hean & S.E.

Hean & S.E,

Mean + S,E,

5%

15¢

30%

SQ? + 002

-

17,5 & 0.5

52..5_3 098

5.5 & 05
1502 4 002

3005 : 095

7.0 2 0,9
21,0 ) 1ol

3.5 & 1,7

605 4 0.9
17,0 2 0,7

32.7 4 141

"Gl
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six days some severely diseased seedlings had collapsed and
contacted neighbouring healthy plants, but it was conly affer

a fuarther four deys that symptoms became obvious, indicating
successful transference of infection. However, it was felt
that an experienced analyst would recognise these as such.
Spread of infection fregquently occurred through roct systems
spreading to reach diseased seedlings, and this resulted in

some hrowning of the radicle. But in most cases the discolour-
ation was s¢ slight that there was no danger of misinterpretation
of such symptoms at six days. That is, it appeared that only
minor secondary spread would occur over the normal duration of

a blotier test.

It will he noted that in ail of the control series
some contvact infection did occur and this was believed to have
resulted from disturbance of the apparatus when recording

resulfs at the six day interval, thereby permitting rooct

contact.
3 Germinaticn inhibition in blotter tests

Sodium 2,4~D has been recommended in blotter health
tests (I.8.T.4., 1958) for brassica seed. Irn this method a

solution of the sodium salt of 2,4-D is used instead of water
for wetting the blotters in the germination test., Lloyd (1959)
used this method in screening seed of Brassica species for

infections of Phoma lingam {Tode) Desm. Ir his experiments

a 0.2% solution either prevented seed germination or caused
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abnormal seedling development.

The possible use of 2,4-D for health screening of
choumoellier seed was investigated by first determining an
effective strength for suppression ofi germination and then
ascertaining whether the use of this method in any way facilitated

identification of the two pathogens when associated with seed.

{a) The effect of various concentrations of 2,4-D on

seed germination
In preliminary experiments using a range of
concentrations, germination was almost completely inhibited at
the 1% level {Plate 31). & further experiment was then conducted
with strengths ranginz from 0.1% to 0.9% in 0.1% increments.
The seeds were placed out on the blotters and incubated in a

Copenhagen type seed germinator (Plate 32) for six days at 2400.

4t all strengths there was evidence of germination
but seedling development was effectively suppressed (Plate 31).

In subsequent experiments 0.1% concentration was therefore used.

(b} Use of 2,4~D in blotter tests
A number of seed lines infected with either or beth

A.brassicae and A.brassicicola were examined after incubation on

blotters presoaked in a 0.1% 2,4-D solution. The objective
was to determine whether the pathogen{s) present could be
readily identified on the basis of either the symptoms expressed

or sporulation on lesioned tissue.



Flate 31

R
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kifect of varying concentrations of

sodium 2,4«D on germination in =a
bletter test



Plate 32

Seed germinator used in seed

healthk trials
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Several limitations of the method were immediately
apparent, Symptoms were extremely diificult to identify and
the microscopic examination of seedlings was both laborious and
time consuming. Further, one of the main advantages of a blotter
test is that it enables disease progress to be followed, and the
severity of attaclk of individual seedlings to be assessed, By
inhibiting germination these advantages are immediately lost,
and the method thus became little more than a viability test.
For these reascons germination inhibition by the use of 2,4%-D
was considered unsatisfactory in blotter health tests of

choumoellier seed for A.brassicae and A,brassicicola.

C. AGAR PLATING METHODS

Agar plating metheds are suitable for pathogens
exhibiting gquick and characteristic development on an agar
medium; that is, the capability of saprophytic growth of the
pathogens is utilised (Plate 33). Such a method does not
discriminate between pathogenic and saprophytic fungi and hence
the resultant colonies merely demonstrate the presence of
viable inocculum. Y'here obligate saprophytes are associated with
seed their growth may be so stirong as to mask the growth of
slower growing pathogenic species. This problem has been
minimised by the development of surface sterilisation technigues
designed to eliminate such asscciated contaminants. However
these methods also remove contaminating pathogenic elements and

the resulis obtained therefore only reflect seed infection,



A trial was carried out to investigate the possibilizy
of dispensing with surface sterilisation and plating seed
directly to agar, as in the Ulster method {Muskett and Halone
19417, Although favourable results were obtained for some
sged lines, in the majority, the level of contamination
necessivated pretreatment before plating to agar. In genersl,

the older the seed, the greater the problem became.

Cyclohexamide has besn successfully used in selective
media for the suppression of contaminant meuld growth (Phillips
and Hanel, 1950}, According to ﬂhiffen,(1948) the growth of
various genera of fungi is suppressed zt different concentrations
cf this antibiotic. It was reasoned that ithere may be a
particular concentraition at which cyclohexamide would selsciively
eliminate some of the seed coniaminants asscciated with
choumncellier seed without adversely affecting growth of the
nathogens. Trials were carried out using this chemical but the

results were unsatizfacltory, Unfortunately growth of A.brassicae

3

concentraticn
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was severely retar s low as 1.0 /ug/ml,

and completely inhibited at 3.0 /ug/ml, while A.brassicicols was

retarded at 5 sug/ml and was inhibited at 15 /ug/ml. As

it

against this, common saprophytes such as Penicillium species
were not obviously affected at a strength as high as 20}/ug/ml.

Accordingly, no further consideration was given to the use of

cyclohexamide in agar screening methods feor choumcellier seed.



Plate 33

Development of A.brassicicola colonies from

infected seeds following incubation for
6 days at 22°C on P.D.A.



Te Comparison of seed surface sterilisation treatments

Several chemical methods have been used for surface
sterilising seeds of cruciferous crops prior to plating to agar
{Pound et al, 19573 HcLean, 1947;  lcDonald, 1959; Noble,
1965; Matthews, 1963). With regard to choumcellier seed,
to the author's knowledge the only established methods are
those recommended by Matthews (1963) and Noble (1965), both of
which utilise sodium hypochlorite (1% available chlorine) as
the sterilant material, In the screening trials conducted in
Chapter II it was found that the restandardisation of this
material prior te each experiment was laborious and time
consuming and for this reason an alternative method was
Soughte MecLean (1947) had success with a 0.001% mercuric
chloride seclution for surface sterilising radizh seed (Raghanus
sativus L.,) and as this material was readily prepared, a-
preliminary trial was coaducted comparing these two methods,
Since Milme (196%4) had considerable success in surface sterilising

seeds of lupin (Lupinus angustifolius L.) simply by washing in

tap water this method was alse included for comparison.

Seed from a naturally infected line was enclosed in
muslin bags, and surface sterilised by one of the following
methods :

(i) dimmersion in 0.007% mercuric chloride for 10 minutes

(McLean 1947);



ii) dimmersion in a sodium hypochlorite selution (1%

available chlorine) for 10 minutes following a

pretreatment dip in 70% alcohol.

{Matthews 1965);

(iii) washing for eight hours in running tap water using

the tumbler technique (¥Milne 1964) (Figure 13).

After ftreatment the seed wss in each case rinsed in

plating to MA and incubating at 24°C for si

TABLE 48

sterile distilled water and dried between filiter paper before

results are presented in the following table @

Percentage infection from plating seed after surface
sterilisation by three different methoeds

Treatment & infection of*
L.brassicicola
0,001% mercuric chloride -~ 10 minutes 5.7
1% chlorine solution ~ 40 minutes 5.0
Washing - 8 hours 14.0

more than twice as great.

A surprising feature of these results was the

disparity between the chemical methods and washing as regards

the percentage of seed which showed evidence of A.bragssicicola.

Y
ol

The chemical methods gave comparable results but the level of
infection obtained after surface sterilisation by washing was

This difference may be inferpreted

[fean of

three 100 seed replicates per treatment
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in one of two ways @

(i) the washing technique was inefficient and did not
Temeve all of the surface incculum of the pathogen,

thereby resulting in a relatively higher percentage

(ii) washing was efficient and removed the surface
contaminants,; but the chemical treatments did more
thar this, That is, the chemical had penetrated
the seed and eliminated some of the infection

established in the seed.

If the latter supposition was in Ffact the case, then
the results obitained after chemical surface sterilisation did
not reflect the true infection percentage of seed, Since the
primary objective of surface sterilisation technigues is to
remeve obligate saprophytes without inactivating establishing
seed infection, any effect in this way is highly undesirable.
To determine the precise cause of the discrepancy in the above
experiment a further series of experiments were conducted, based

on the following reasoning :

{i} by artificially infecting a seed line with A.brassicicola

and then surface siterilising using the above three

methods any differences in the resulting percentage

=1y

effect on

%

=3

infecticn must be atiributed to a tresztmen

the fungus withia the seed;



{(ii) din any 1line of infected seed the depth to which the

pathogen is established, no doubt varies.

Hence

it was considered desirzble to test each method on
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seed with varying depths o

cculd be obtalirned simply by var

infTection., Buch seed

‘ing the incubation
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(iii) in an experiment where the chjective is to determine
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is essential that surface inoculum inevitably present

as & consaeqguence of the meithod used in obtaining seed

infection be eliminated;

(iv} thus a pre-veguisite to the abeve was preliminary

! ) war

experimentation to establish the precise treatment

time for sazch method whiecnh would eliminate all surface

|-+
[}

contaminacion. Henceforth thi
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i - Cl i in L ffecti SS2 .
termed Ythe peint of effecctiveness™

sterilisatior of seed

Method

Seed of =z line previously shown to be pathog
were contaminated by vigorous agitation in Petri dishe

sporulating colonies of A.brassicicola,.

time interval is

(a2} Determination of the '"point of effectiveness" in surface

en~iree
5 cantaining



Sub-samples were then subjected to the thres surface

sterilisation metheds for a range of treatment periocds as

{i) dimmersion in 0.001% mercuric chleride (5 - 11 minutes

in one minute increments);

(ii) immersion in sodium hypochlorite (1% available
chlorine} after a pretreatment dip in alcohol (5 -

10 minutes in one minute increments);

(iii) washing, using the iumbier technigue (2 - 412 hours in

two hour increments).

Lfter g8ll treatments seed was rinsed in sterile distilled
water prior to plating to agar. In zzch case 300 seeds were
tested per treztment and the resulis recorded after six days

incubation at 24°C on PDA.

RESULTS AND DISCUSSION

The resulis presented in Appendix XXI show that the
point of effectiveness for the mercuric chloride treatment was
eight minutes and for sodium hypochlorite nine minutes was
required. Aithough in the water washing there was a slight
decrease in the amount of contamination; even at 12 hours, over

80% of the seeds gave rise fo a colony of A.brassicicola on

plating. It thus seemed highly probable that the difference in
effectiveness of the chemical treatments znd the washing method

in the earlier experiment (Table 48), was largely due to inefficient



removal of surface inoculum from the seed. However there was
8till the possibility of the chemical treatments inactivatin
seed coat infection to some extent. To determine 1f this was
the case an efficient non-chemical surface sterilisation method
was needed to be used as ¢omparison. Further experimentation
was therefore carried out to develop an improved washing method
which would totally eliminate surface borne inoculum on
choumoellier seed,
(b) Determination of an effective washing method for
surface sterilisation of seed

Artificially contaminated seed was surface sterilised
by washing for varying periods using three differeni methods.
In each case seed was then plated to M4 to determine the relative
efficiency of each method in removing this inoculum. Details

of the three methods are a5 follows @

(i} "The gauze flask method" (Figure 13}. Contaminated
seed was placed in a gauze flask which was partially
submerged iIn a 1000 ml beaker, The water jJet
thrusting at an angle promoted a circulatory current,
and g fine air inlet to the hose caused further
turbulence and agitation of the seed against the wire
mesh of the contsiner.

(ii) "The gauze flask method, modified™ (Figure 13). A

paddle wheel was introduced as a refinement of the

previous method for the purpese of incressing asgitation
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and turbulence.

(iii) The "free flow methed" (Figure 13).  Seed was placed
in a ¢ylinder, open at one end and with a gauze filter
in the bottom. The apparatus was enclesed in a
muslin bag which was fastened arcund the neck of a
Sape The direct flow of water through the cylinder
promoted a pounding and agitation of the contaminated
seed. The muslin bag was pilerced at the bottom to
prevent air locks from ferming and causing a "flush

back! to disturb the washing action.

It can be seen frow the results presented in Appendix XXII
that of all the techniques, washing by the free flow method for
five hours was the only one which was totally efficient in
rermoving surface inoculum. With an effective non-chemical
methed i1dentified it was now possihle fIo use this as a control

fect of chemical methods on the level of

by

in determining the e

infection in artificially infecied seed.

(e} Effect of surface sterilisation on the infection

ercentage of artificially infzcited seed
L=

Methed
Seed infection was induced oy placing artificially
infected seed in the infection cabinets ( Plate 11). To

obtain varying depths of seed infection, samples were removed at
2%y 7%, 11, 1L, 19 and 25 days. After drying for 24 hours a

part of each sample was surface sterilised by immersion in
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mercuric chicride (eight minutes), sodium hypochlorite {nine
minutes) after a prelreatment dip in alcohol, and by washing
usinrg the free flow method {five hours). For eazh the

infection percentage of three replicates of 100 sceds were

o . . . .0
assessed after incubation on blotters for eight days at 24 C.

RESULTS AWD DISCUSSION

The variation between replicates ¢f individual
treatments and the lack of consistent diffsrences between
treatments at each test interval for the mercuric chloride gnd
sodium hypochlorite methods {Table %49) preclude any conclusions
regarding respective {reatment effects on the infection level
recorded. On the other hand, surface sterilisation of seed by
washing resulted in a higher infection percentage at most
rezdings. It seems then that under the conditions of this
expsriment the mercuric chleride and sodium hypochlorite treatments
were in fact eliminating some of the mycelium in the seed coat.
These results suggest that the difference in the percentage of

A.brassicicola recorded in the preliminary trizl (Table 48)

wes probably due to a composite effect. That is, the washing
was ineffective as shown previously, but as well, the chemical
did inactivate some seed infection. To substantiate this
conclusion a furthsr trisl was carried out on naturally
infacted seed lines, In the experiment the free flow washing
method was used as a control. fis both the sodium hypochlorite

treatment and the mercuric chloride {reatment gave comparable



TABLE &%
Comparative surface sterilisation of artificiatly infected seed
Treataent Infection percentage recorded affer various ingubation periods {days)
2 7 1 14 19 %
Mean + S,E, Hean + S,E. Mean & S.E. Hean + S,E. Mean + S.E, Hean + S.E.
0,001% Hercuric Chioride | 4.0 4 1.1 17,0 + 2.9 9,74 1.2 | 3L3¢ 1B | 550432 | 90,7409
f;’g‘:fai’{zz‘l";‘zﬂtim) ho 4 006 1274 12 | 30,7& 80 | 563433 | 593406 | 987413
Free Flow Kashing 505 1 103 3640 5 2,1 5254 3.h | 65,7523 | 16.0+23 | %.0a17

Hethod

651
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results in the previous experiments, only the latter was compared
with washing.
(d) Effect of surface sterilisation with mercuric chloride

on the infection percentage of naturally infected seed
Method

Five naturally infected seed lines were each surface
sterilised by washing using the free flow method & hours), and
by immersion in 0.001% mercuric chloride for eight minutes. In
the former series seed was plated fo "antibiotic agar' (PD4
containing 80 iu/ml of streptomycin : see section D.1) which was
generally selective against bacteria and eliminated the
contaminaticn problems experienced in previous washing trials.

The number of seeds infected with esither A.brassicae or 4.brassicicgls

were recorded after six days incubation at 2u%¢,

RESTULTIS AND DISCUSSION

The results presented in Table 50 show that after
chemical surface sterilisation the infection percentage recorded
was generally less than that obtained after washing. Hence,
this evidence lends weight to the supposition that chemical
surface sierilisstion does remove more than just surface spores

from seed,

A surprising feature oi these results was the high

percentage of A.brassicae recorded for line S# after washing by

EAd

the free flow metnod. These resulis suggest that the chemical

sterilisation had 21l but eliminated seed infeciicn by A.brassicae.



TABLE 50

Effect of chemical and non-chemical surface sterilisation on the infection percentage recarded for naturally infecied seed

Soed Line tnfection percentage of A, brassicae and A, brassicicola ®
A.brassicicola A, brassicae
bercuric chloride Free flow Mercurie chloride Free flow
nethod nethod method nethod

1 2 3 Hean 1 2 3 Mean 1 2 3 Hoan 1 2 3 Hean
S‘i 2 4 6 4,00 ] 5 b 5,66 0 0 0 0,00 Q g 0 0,00
S2 ] 5 b 6,33 9 9 15 11,00 0 0 0 0,00 0 0 e 0,00
33 5 0 5 3,33 ] 10 1 1.66 0 0 e 0.00 0 1 0 0,33
31‘ e 2 3 2,33 1 Q ] 233 2 0 0 0,66 1 H 3 1,00
35 0 0 0 0,00 0 e 1 1,00 0 0 0 0,00 0 0 a 0,00

% Throo replicates of 100 seeds were plated for each treatment of the five linos

Lyl
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If this is the case then il would appear that seed infection by

f.brassicae was of a superficial nature, this pathogen penetrating

only the outer layers of the seed coat. As mercuric chloride

was the sterilant material in the earliier screening trials

using seed harvested from artificlially inoculated siliguas and
£

certified seed lines, then the zbovs reasoning could explain

the inability to isoclate A.brassicae in those experiments.

2e HModifications of the basic arar screening method

In previous screening trials (Chapter II) cotyledon

a2

lesions were observed on seedlings whick had not develeped a2

possible that such

]

celony on the ager mzdium. While it 1
iesions were sterile, 1t is also possible that they may have
been cazused by weak infections or deep sezited embryo infeq

shich had not had sufficient time to establish growth in the

(1]
il
o
:
4e]

Tox surface with epigeal germingticn.

i

zgar b baing 1ifted of
Farther, as crowding ofien lezds to confusion in identiiying
the seed from whiclk & colony crigingted, only a limited number

of seeds can be vlaced cut per plate. Various workers have

cencountered these problems and as a result have medified the

Hewhool (1947}, developed the "Yew Zealand Method®
for screening flax seed, This invelved covering the seed with

a layer of agar after surface sterilisgtion which prevented

%]
D
0
n
[
o]

2
-

[

sg2d germination and ensured that all of thes sead su

contect with the medium, de Tempe (1963b) recommended inverting



the dishes after plating {lax seed to agar using the Ulster method
{Muskett and Malone 13417, In effect he was utilising the
pheototreghic response of seedlings to ensure coiyledonary

ontact with the agar surface. Kilpatrick

{3

-t

development was in
and Johnsen (1956), following the work of Hagborg et al (1950
used the 2,4-D {0 inhibit germination in legume seeds,
tezhnigue was successfully zdapted to brassica seed by Lloyd

(1959) for the identification of seed infected with Phoma lingam

(Tode) Desm. He found that seed coats were generally broken
but germinztion did not often procesd beyond the stage at which
the cotyledons and radicle started to emerge.

Lxperiments vere conducted to ascertain whether such

modifications improved the efficiency of agar plate tests in

screening chounoellier seed for inlfections of A.brassicae and

L,brassicicola. & pre-reqguisite to those experiment involved

an investigaiion into the effects of 2,4%=D on colony growth of
the itwo pathogens, and on germination of choumoellier seed.
(a) The effect of 2,4-D on colony characters and on seed
germination
it concentrztions as low as 0.05% there was some
adverse effect on germinatiocn. L% & conecentration of C.15% or
higher, neither root systems nor hypocotyls developed, germination
being restricted to emergence of the radicle tip zad cotyledons.

Colony growith of A.brassicicola did not appear to be affecied, but

some reduction in growth of A.brassicae was apparent at the
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0.25% level.

However, in these preliminary trials 2,4-D was
added after tempering the agar to 4500 and this double handling
of the media was not ocnly time consuming, but also increased

the liklihood of contamination.

Lloyd (1959) added 2,4-D to his media before
autoclaving, thereby overcoming these difficulties., In view
of his success an experiment was conducted in which 2,4-D was
added to the media after autoclaving. MA was used since in
previous screening trials, it had vroved suitable from the

viewpoint of colony identification.

Methoed

A4 1% solution of the sodium salt of 2,4-D was prepared
and added to molten MA in gquantities calculated to give final
2,4-D agar concentration of 0.1%, 0.15%, 0.20%, 0.25%, 0.30%
and 0. 4%0%. The treated agar was then auntoclaved at 15 lb/in2

for 20 minutes and tempered to 4500 before plates were poured.

Three millimetre agar discs obtained from three week
old sporulating colonies of each organism were placed face
downward on the 2,4-D agar (six discs per 2,4%-D conceantration),
"The effect on colony growth was measured by taking the average
of two diametric colony measurements made at right angles to

each other after six days incubation at 24%,

To observe the effect of 2,4-D on germination, 100
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surface sterilised seeds were plated to the agar per treatment
and the seeds examined after six days incubation. In assessing
the extent of germinsztion recordings were based on the following

categories 3
(i) no germination;

(ii) retarded germination,
A - emergence of the hypocotyl and radicle but no
further development

8 - splitting of the seed coat only;
(iii) normal germination.,

RESULTS AND DISCUSSICH

| The results presented in Table 51 show that all
concentrations of 2,4~D in MA had the desired effect of
retarding germination. It seemed then, that the most suitable
2,4~D concentrations would be governed simply by the effect of
the respective treatments on colony growth. However at all
levels there was a severe reduction on colony development
(Figures 14 and 15, Plate 34) which was not expected in view

of the favourable results obizined in preliminary trials using
FDA. Not only was growth reduced, dbut the colonies were devoid
of the identifying characteristics associated with each fungus.
This could be interpreted as either a media effect, or an effect
of zutoclaving on the properties of 2,4-D. To determine the
actual cause, a further irial was carried out using 2,%-D in

both ¥4 and PDA,



TABLE 51

Effect of varying 2,4-D/MA concentrations on seed germination
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2 kel concentration

No germination

fietarded germination

Normal germination

in pedia {3 (%) (£}
A B
0,12 16 b6 28 0
0.15% 38 28 34 0
0, 20% &0 12 28 ¢
0. 25% 68 4 28 ¢
0. 30% 64 "8 25 ]
0,403 i 9 14 0
Control 1 0 4 B89




COLONY DIAMETERS (mm)

50

40

30

20

10

ﬁx\“‘&._ﬂ-—*ﬂ“‘———~o

 P.D.A.
o MA,

'—-"—'—ON..__\_\O

01 0-2 03
s 240 CONCENTRATION IN MEDIA

e PRt ermed pmrnm s s e B e g T o
PSR- o O R SOV L ONSE ool pLons J. RERLE)
— | - . 2 - -
Z2.0-1 in Ma and PDE on colony srowhh
" -
ol L,bremssicloegla

04




COLONY DIAMETERS (mm)

50

40

30

20

10

o P.D.A.
° M.A.
o\\\\\\
\ . . ®
o "
o]
\-“"\-‘.o___._——-—"o
namﬁhﬁo o .
01 0-2 0-3 04
/s 24D CONCENTRATION IN MEDIA.
The offect of various concentraitions of scdium 2,54%-D

in M4 and PDA on colony growith of fe.drassig

- . - en ] ] 1 a5 RN by =2
(results regorded Folleowing incubeils
o~ P . R, LMy
Tar six Jays at 287C)




{b) The effect of autoclaving 2,4-D/PDA and 2,4-D/MA on
colony growth

Method
Using both media, 2,4-D/agar concentrations of 0.1%
were prepared before and after autoclaving. To measure the effects

on colony features and the extent of growth, six 3 mm diameter

disecs cut from sporulating colonies of A.brassicae and A.brassicicola

were plated per treatment and incubated for six days at 24°¢,

RESULTS AND DISCUSSICON

The results presented in Table 53 show that colony
growth was not markedly affected by the addition of 2,4-D to
PDA. Colony characteristics were not altered (Plate 35) and
the effect of autoclaving the media caused no adverss effect
other than a slight reduction in growth. Cn the other hand, in
the 2,4-D/MA treatments there was a severe growth reduction
(Table 52) and colony characteristics were modified in that the

capacity of both species to sporulate was impaired (Plate 34).

In view of these results PDA was considered to be the
most satisfactory medium in 2,4-D agar preparations. Tao
identify the most favourable 2,4-D/PDA concentration for screening
work an experiment was carried out using autoclaved PDA with
2,4-D concentrations of 0.1%, 0.15%, 0.20%, 0.25%, 0.30% and
0. 40%. Colony diameters and seed germination effects were
recorded as above, The results expressed in Figures 14 and

15 and illusirated in plates 35 and 36 (see Appendix XXV)indicated



TABLE 52

Effect of auteclaving 2,&-D/MA on coleny growth

Pathogen Media awteclaved before 2 0l Calony diameters
or afier adding 2,40 concentration { nm}

¥ 2 3 4 5 6 Mean

Before 0,1% 13.5 13,0 12,5 14,0 13,5 13,0 13. 25

A, brassicae After 0.1 13,5 15,0 13.0 13,0 12,5 3.9 13,16
Nane Hane 30,0 29,0 30,0 310 1,0 36,0 30,16

Befere 0,14 20,0 20,0 20,5 22,5 19,0 19,5 @, 25

d. brassicicola After 0,1% 1.5 i7.0 19,0 19,5 21,0 15,0 18,63
Hone ifone 35,0 38,9 36,0 37.0 34,9 32,0 35,33

gyl



TABLE 53

Effect of autoclaving Z,L-D/Pﬂé on colony growth

Pathogen Hedia astoclaved before 2gleD Colany diameters
or after adding 2,4=D conceatration ( mm}

1 2 3 & 5 6 Hean

Before 0,12 28,5 32,5 30,0 29,0 21,0 28,5 25,25

i, brassicae After 0.1% 26,5 25,0 24,0 5.5 27,5 26,0 26,0
None Hone 31.5 34,5 29,0 36.5 31,0 34,6 34,66

Before 0, 1% 42,0 38,5 40,0 40,5 42,5 41,5 40,83

A brassicicola AMter 0,1% 37,5 31,5 36,0 35,0 36,0 38,5 35,75
None None 5,5 45,0 43,5 43,0 43,0 44,5 b, 8




A.brassicae

i,brassicicola




Plate 34

Effect of varying the concentration of

sodium 2,4-D in MA on colony growth

of A.brassicae and A.brassicicola




A.brassicae

A.brassicicola




EBffect of varying the concentration of

sodium 2,4%-D in PDA on colony growth

of A.brassicae and A.brassicicocla
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Plate 36

Bffect of varying the concentration of

sodium 2,4-D in PDA on

germination of seed



Top left - standard procedure
Top right = 2,4-D agar method
Bottom left - deep agar method

Bottom right- inverted plates



Plate 37

Comparison of agar methods used in

screening choumoellier seed for

A.brassicae and A.brassicicola




that colony growth was retarded to the least extent by a 0.1%
2,4-D/PDA concentration. Further, seed germination was

inhibited at all levels as shown in Plate 36,

(¢) Comparison of agar screening methods

Three methods hsve been mentioned which were devised
to increase the efficiency of an agar plate screening test,
namely, Hewhook's "deep agar! method, de Tempe's 'inverted
plate'" method, and Lloyd‘s '"2,4-D/agar' method. Having
identified a suitable modification of Lloyd's 2,4-D method the
efficiency of this method was compared with those employed

by the above workers in a trial using choumcellier seed, (Plate 37).

Hethod

Seed from four naturaslly infected lines was surface
sterilised in mercuric chloride for 10 minutes, washed in
sterile distilled water and dried between filter pads. The

extent to which each line was infected with A.brassicicols

was determined using the following methods :
(i) plating to PDA, as in standard procedure;

(ii) Newhook's deep agar method; a film of media was
poured intec each plate and allcwed to solidify.
The seed was placed in this layer and pressed
firmly into the agar to enable complete immersion
of the seed by a further pouring without disturbance

of the placement positions;
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(iii) de Tempe's inverted plate method; seed was plated
to PDA as in standard procedure, but the plates were

inverted before incubation;
(iv) seed was plated to a 0.1% 2,4-D/PDA medium.

Plates were 1ncubated at 2400 and the results recorded

after six days.

RESULTS AND DISCUSSION

The results presented in Table 54 show that no one
method was more efficient in providing a means of determining
the infection percentage of & seed line. However there were

practical limitations involved with some.

In beoth the standard procedure method and de Tempe's
inverted plate method seedling germination occurred which often
made it difficult to identify the seed of colony origin where
25 seeds per Peftri dish were plated, Further, in the former
method there was the tendency for cotyledons fto be lifted off
the agar with germination. In some cases cotyledonary lesioning
was observed but only diffuse colony growth was associated
with the lesioned seedling. By inverting the plates as in
de Tempe's method, cotyledons had remained in contact with the
agar in most cases, but radicle growth was away from the surface
and seedlings tended to ceme in contact through thelr sprawling
growth pattern. The ¢rowding problen could be minimised by
plating less seeds per plate but this involves additional work

and materials.



TABLE 54
Health streening seed using four agar plate methods
Seed Line ¢ & brassicicola recorded *
Standard | averted Deep
Plating Plates Agar Zyk-D/PDA
r't! 5,00 12,00 10,00 10,00
8,00 7,00 10.00 9,00
7.00 7,00 10,00 8,00
Mean 6,60 8,66 10.00 5.00
Az 3,00 0,00 1,00 3,00
0,00 2,00 1,00 2,00
0,00 3.00 0,00 2,00
Hean 1,00 1,33 0,33 3.33
A} 5000 1.00 1,00 4,00
2,00 2,00 0,00 0,00
6,00 4,00 1,00 2,00
Hean 4,33 233 0,66 2,00
Ah 8.00 5,00 2,00 3,00
3,00 4,00 5,00 1,00
8,00 8,00 6,00 8,00
Mean 6033 6,00 4,33 4,00

¥ L brassicae

Three replicates of 100 seeds were plated per treatment



Newhook's deep agar method was also considered
unsuitable. The immersion of seed had the desired effect
in suppressing germination, and with this there was no problem
in identifying the seed from which the pathogen developed.
However in some lines obligate saprophytes vwere established in
the superficial tissue of the seed and grew out and masked the
presence of the pathogen (e.g. line ﬁE). Further, the necessary

double pouring of agar made this method rather time consuming.

L

The 2,4-D PDA method was equally as efficient as the
above three methods but did not have the associated practical
limitations. Germination was successfully inhibited and colony
growth was localised. Crowding was not a problem even where 25
seeds were plated per dish, which in turn meant that less time,
labour, and materials were reguired. No spread occurred due

to seedling growth.

Since any agar method of seed screening is strictly
a visbility test, nothing is lost by suppression of sced
germination; such as by the inclusion of 2,4-D into the media.
Accordingly, the use of 2,4-D is recommended in agar plate

health tests.

D. COMBINATION TLCHNIQUE

The two generally accepted laboratory health screening
methods involve the germination of seeds on blotters or the

plating of seeds fo an agar substrate. The relative merits of



each have been briefly discussed and it is apparent that both

methods have limitations as well as advantagesS.

Agar methods have the advantage of enabling pathogen
identification on the basis of colony growth freom infected seeds.
However surface sterilisation of seed is a pre-requisite to such
tests and hence only the percentage of seeds infected is
assessed. Further criticism may be levelled at the time and
labour involved in preparation and standardisation of media and
the space reguired for incubation of some 300 to 400 seeds in

each test.

The blotter method has the advantage of being a
pathogenicity method. Seed 1is zllowed to germinate on bloftters
without any pre-test surface sterilisation to inactivate the
associated contamination. This in turn means that seed
conbamination and seed infection is reflected in the results.
Furthermore, the effect of pathogenic fungi on seedling health
under a controlled set of circumstances can be assessed and
if required, accerded an index of infection severity. The
method is also cheap once the initial cost of a germinator has
been met, requires a minimum of space, and the labour input is
small compared with that required in an agar method. Against
this, i1t has been shown that it is difficult to assess accurately
the presence of pathogens to specles level and 1n some cases it
may be difficult to identify different genera on the basis of

symptomology. dence experience becomes a variable in the



assessment of results,

Experiments were conducted fo investigate the possibility
of combining the two established methods in a "combinaltion™
technigue incorporating the favourable attributed of each, while
minimising their resvective iimitatiocns. This combination
technigque involved the placing out of seed on moist blotters
znd inspection and indexing of germinating seedlings for
severity of disease, as in a standard blotter technigue, but
then plating lesioned tissues to agar. Identification would
then be based on the colony features charascteristic of each
fungus. However the high humidity conditions of the germinator
invariably encouraged an intense population of saprophytic
bacterial contaminants which masked pathogen growth on plating
to agar. For the combination technigque to be successful the
bacterial contamination had to be controlled. In this regard,
the possibility of using a selective antibiotic plating medium

was considered.

Te Antibictics as bacterial sunpressants

The use of antibiotics in selective media is an
established technigue. For example, Martin (1950), Hine and
Butler (1957) and Johnson (1957) used antibiotics in media for
suppressing bacterial contamination in isolating fungi from the
5011, Further, Sheridan (1963) mentions the use of antibiotics
in media for studying the viability of contaminating inoculum

of seeds by examination of seed washings, and Wilhelm (196%)
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used neomycin sulphate successfully.

Preliminary experiments involved the use of
streptomycin sulphate, neomycin sulphate and chloramphenicol
all of which were reported by Vhite (1962) to have & broad
spectrum of antibiotic activity. 411 of the materials showed
promise, but as streptomycin was the most readily available
it was chosen ior further study. Experiments were conducted
to determine the level at which bacterial contaminants were

inhibited with a minimal suppression of pathogen growth.

Fethod
Flasks containing 10C ml quantities of PDA were held
in a tempering bath at 4500. The media was then cocled almost

to the point of solidification, and while constantly agitating
the flask, a streptomycin sclution was added to give final
concentrations of 20 iu*/ml, 40 iw/ml, 60 iu/ml, 80 iu/ml,

100 iu/ml, 200 iuw/ml. %ix plates at ecach concentration were

inoculated with A.brassicicola using 5 am agar discs, and g

similar series were inoculated with A.brassicae. After

incubation for six days at 2400 two diametric measurements of

the resultant colonies were ftaken at right angles %o each other
23 a measure of the sltreptomycin eifect on pathogen growth.

In addition, cotyledons from sesdlings grown under the conditions
of a blotter test were plated for each treatment to investigate
the efficiency of the streptomyecin inhibition of bacterial

contaminantis.

* international units
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The results presented in Figure 416 show that growth
of both pathogens was not adversely affected by the addition of
kS

streptomycin sulphate to the media at levels up to 80 iu/ml

(for "raw" data see fAppendix XXVII & XXVIII). 4t 100 iu/ml A.brassicae

was reduced in colony diameter and at 200 iu/ml A.brassicicola

showed a comparable reduction, but even at %00 iu/ml some growth
occurred. Inhibition of the growth of bacterizl contaminants
from cotyledons was achieved at 80 iu/ml. At a concentration
of 60 iu/ml most bacterial were controlled but in some cases a
weak growth did occur. In view of these results a streptomycin
concentration of 80 iu/ml of PDA was used in the experiments

vhich follow,

2o Use in seed screeniag

In preliminary trials to investigate the practicability
of the combination technique as a general procedure, lesions were
plated to Petri dishes containing streptomycin agar (PDA). In
some instances however, fast growing saprophytic fungi grew from
the plated tissue, oftfen overgrowing the entire surface making
readings impossible. To overcome this problem pyrex trays of
antibictic agar containing a series of individual cells were
used (Plate 38). Lesioned tissue was plated to each cell and
this restricted any saprophytic growth which occurred, thus
enabling successful reasding of adjacent cells. The apparztus
provided a further advantage in that seedlings indexed to

various categories could be plated to one tray, so long as the
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cells vwere identified with marker divisions. This overcame
the difficulty of working a number of individual Petri plates
(one for each index category) at the same time. Ideally the
trays would be constructed to contain 100 cells to accommodate

all seedlings in the extreme case of a 100% infected line.

Naturally infected seed lines were screened for the

presence of A.brassicicola and A.brassicae using this medified

technigue.

Hethod

Three replicates of 100 seeds each from five field
samples of seed lines were placed out on moistened filter papers
in sterilised Petri dishes (20 seeds per dish). Petri dish
high humidity chambers were used to ensure an uncontaminated
environment. The plates were incubated at room temperature
for eight days under normal day/night light variation. Prior
to reading, the dishes were expossd to four hours continuous
Ultra Violet light as a further precaution against bacterial
contamination. Seedling infection was identified by the
presence of sporulation, or lesions on the cotyledons and
hypocotyl. Four indices for infection severity were recorded,

as follows
(i) dead seed exhibiting sporulation;

(ii) severe seedling necrosis with sporulation on the

decayed areas;
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(iii} severe lesioning on the hypocotyl and/or the

cotyledons;

{(iv) isolated lesions on the hypocotyl and/or the

cotyledons.

A thin layer of streptomycin/PDA was poured into the
tray and allowed to solidify. 4 further layer was poured and
the honeycomb cell sheet placed in this before it hardened.
Infected seedling material was then plated in each c¢ell using
forceps (flamed between seedlings) and the trays incubated in

sealed plastic bags for six days at room temperature.

RESULTS AND DISCUSSION

The results presented in Tabhle 55 give a measure of
the success of the method. Pathogens could usually he identified
on the basis of colony characteristics, but in some cases where
saprophytes were also present, microscopic confirmation was
NECESEATrY. As exemplified by the resulis recorded for line
54 the pathogenicity method has been successfully combined with
the viability method alleowing positive identification to species
level, as well as enabling indices for infection severity to be
assigned. The high total infection percentages compared with
those recorded Tfor the same lines after surface sterilisation
and plating to agar (see Table 50) are positive evidence for the
argument that surface sterilisation removes a considerable amount
of inoculum which is capable of causing seedling infection.

Hot all lesions plated gave rise to Alternaria pathogens, and



TABLE 55
Health sereening seed Lines by the ®combipation methoed?
Saeed Line Replicate iafection pergentage of A, brassicae and A brassicicola
4, brassicicola A brassicae
Read seed Severe secdling Severe lesioning 1solated Lesioning Dead seed Severa seedling Severe lesioning {solated lesioning
exhibiting necrosis plus or hypecotyl and/ | on hypecotyl and/ TOTAL exhibiting necrosis plus on hypocoty! and/ | on hypocotyl and/ T0TAL
sporvlation sporulation or cotyledons or cotyledons sporutetion - sporsfation or cotyledons or cotyledons
Si 1 5,00 3,00 1,00 12,00 27,00 - w w - -
2 0,00 3,00 6,00 8,00 17.00 = - - - -
3 2,00 4,00 B.00 5,00 19,00 - - - - -
Hean 2.33 3,33 1,00 8,33 2t.00 = - o w -
82 i 8,00 4,00 21,00 35,90 76,00 = - - - -
2 5,00 17,00 12,00 21,00 61,00 - = - - -
3 9,00 13,00 26200 25,00 78,00 - - - - -
Mean 3,33 13,00 21,66 29,00 71.66 - - - - -
Sj H 8,00 2,00 5.00 1.00 i3.00 - - - - -
2 3,00 1,00 4,00 6.00 15,00 = - o - w
3 000 5,00 6,00 5,00 15,00 - - - - -
Mnak 1,00 2.33 5.00 6,00 14,33 - - - - -
31, 1 2,00 2,00 3,00 2,00 9,00 7,00 2,00 i 2 12
2 1,00 2,00 0,00 2,00 5,00 3,00 0,00 F 1 7
3 4,00 1,00 2,00 2,00 9,00 5,00 3.00 3 2 13
Mean 2,33 1.66 166 2,90 1,66 500 1,66 %33 166 10,66
35 1 3,00 0,80 0,00 4,00 7,00 - - - - -
4 0,00 0.00 0.00 3,00 5,00 - - - . o
3 1,00 200 2.00 2,00 5000 - - - - -
Mean 1,33 0,656 0,66 3,00 h.66 @ - - - -
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contamination was still =z problem in some cells, but was not
severe enough to preclude the use of the method. On average
75% of the dead seed exhibiting sporulation gave rise to
colonies of the Alternaria pathogens. Colonies of A.tenuis
Auct, accounted for some of the others and colonies tentatively

identified as A.consortiale {(Thum) Groves and Hughes were

sometimes isolated, particularly from the line Sh' These

colonies were very similar to growth of L.brassicicola, but

were generally darker, without the olivaceous appearance and
with less aerial growth. Qverall, pathogenic species of
Alternaria were recorded from 82% of the 'severe seedling
necrosis plus sporulation category", 95% of the "severe
lesioning" group and 604 of the "isolated lesioning" group.
It is apparent then, that an infection percentage recorded by
the blotter method alomne, would have been much higher thean

that recorded by the combination technigue.

E., DISCUSSION

The nature of information reguired governs the type

of method used in seed health screening. Por example, scll

methods are conducted to obtain information which reflscis the
avergge field performance of ©Thae seed, The criticism of

Lid
i

these methods is the difficulty involved in controlling the
seed hed environment. In laboratory tests using the blotter

and agar plate technigues, thce aim 1s primarily to determine
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the extent to which e pathogen is present in a seed line,
These methods are carrisd out under controllied conditious,

thereby minimising environmental varistion. An agar plate

@

-

method is a vigbility test only, in that pathozsns are

&

()

identified on the basis of saprophytic growth on laboratory

media. With this ftest the presence of oblizate saprophytes
on the surface of the seed necessitates surface sterilisgtion
pefors plaiing. This means that surface inoculum of pathogenic

species is also removed and the resulis cxpressed zrce only

“or the level of sesd infection in a line. Blotter

=
=
[SX°
s}
]
=
g
%)
I
<
¥
(2]

methods are pathogenicity tests iIn that the psthogens are
identified on the basis of symptons expressed on developing

seedlings. Hence these nethods reflect both seed infection
znd seed contamination and in addiftion, enable indices for
the severity of seedling attack to be recorded, but pathogen
identificeticn on the basis of sporulation zund sympltoms on

seedlings 1is often tedious and ngy be unreliiesble,

In the present study the objective was to ldentifly
a method which would accurately reveal the pathogenic species

L

assoclated with choumoellier seed liines, =nd the extent teo
which these wers present. The recommended blotier methoas were
studied and the standard test (Hoble, 1965) shewn to be the
bect. The use of 2,4~D as a germination inhibitor was not

favoured as patheozen identification was tedious and further,

the method nvrecluded the use of seedling infeciion indices.
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Howaver, even Roble's method was not entirely suitable due to
the aifficulty and unreliability of species delimitation of

the Alternarias pathogens.

Surface sterilisation technigues were considered
in relation to apgar plate methods and iv was shown that water
washing was tine most efficient. Chemical treatments appeared
to remove some of the seed infection and gave rise to a
consistently lower infection percentage. On the other hand,
washing seeds in running tap water incurred problems of
bacterial contamination on plating. This was overcome by
incorporating streptomycin into the plating medium. further,
the use of 2,4-D in media %o inhibit seed germination was
found to increase the efficiency of the agar plate method.
Therefore to use both recommendations to advantage, that is,
surface sterilisation by washing and suppression of seed
germinatlon, it was necessary to derounstrate the compatibility

o

of streptomycin and 2,4-D in the media without affectin

5]

characteristic colony development of the pathogens. Preliminary
trials indicated that the chemicals could be successiully
combined for screeninyg work, However there was still the
inherent limitation involved in removazl of surface Inoculum

by surface sterilisation and hence further experimentation led

to the development of the combination technigue which was
considered to be superior te the established methods. This

method was designed to overcome the limitations of the

blotier and agar tests while incorporating the favourable
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"irst germinzted on bloiters

attributes of both. Seeds vwere
thereby dispensing with the need to surface sterilise; and by
plating lesioned tissues to agar, pathogen identification was
based on colony growthe. Bacterizl contamination proved a
problem, but this was overcome by using a selective anitibiotic
mediwm. Some contamination due to obligate saprophytes also
occurred, but was minimised by the use of cells in the plating
tray to prevent spread. In most of these instances pathogens
counld sti1ll be identified by =z wicroscopic examination.

Hence the method enabled the assessment of both contaminating

and infecting inoculum of L.brassicge and A,brassicicola and

further, provided the opportunitiy for indexing seedlings for

the severity of infection.
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SUMMARY

Ta Twto species of Alternarias causing leaf spot
symptoms on choumoelilier in the Manswatu were studied
and the ildentity of the causal fungl established as

hobrassicicola (Schw.) uilt., and d.brassicae (Berk.,) Sacc.

2o Surveys conducted on New Zealand produced certified

choumoellier seced showed L.brassicicola present in more

Nl

than ?70% of the lines scresned. A.brassicee was

isolated from fewer lines (21% in 1965 and 32% in 19&6)

and was usually present at low levels only.

Se Seed infections of A.brassicicola remained viable

for at least three years, thereby ensuring the vpresence
of seed-borne inoculum on sowing. A brassicae did not
persist as a viable infection following ocne year's

storage.

. . , . o . ,
L, Bot water treastment at 50°C for 25 minutes

eliminated A.brassicicola frowm seed but caused some

germination reduction. This was independent of the seed

zge, the moisture content and the percentage infecticn.
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Aebrassicicola caused considerable emergence losses

under artificial conditions of contaminatior and infection,
but did not cause losses of any conseguence in the

conlercial seed lines tested. In 211 experiments A.brassicae

vas of minor importance.

The retention of the testa on the coiyledons or
its location close to the hypocoityl at ground level was

an important factor in facilitating seedling infection.

=

leaf and pcd symptoms of A.brassicicola and A.brassicae

were studied and the distinguishing feagtures described.

Lesioning and penetration of thes siligua wall

resulted in seed infection. Severe infection caused
premature drying and splitting of seed pods. A,brassicicola

spread within the siliqus and caused premature

germination in situ.

Ziligua infection by A.brassicicola caused a

reduction of 35.0% in the weight of seed harvested
whereas with A.brassicze the reduction was 33.7%. In
—_—Te————

both instances loss of seed weight was assoclated with

se in the amount of smzll seed.

i

an incre



10. The germination percentage of seed harvested
from siligras infected with A.brassicicela was
significantly reduced.

11

Astablished methods

for health screening brassica

seed were critically examined. An improved test

incorporating features of h

e blotter and agar methods

was developed for choumocllier seed.
F
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APPENDIX I

COMPCOSITION AND PREPARATION OF MEDIA

(a) Potato -~ Dextrose Agar {(lab PDA)

agar 12 gn
potatoes (sliced and peeled} 200 gm
dextrose 10 gm
water (distilled) 7,000 gm

The sliced potatoes were cooked gently for one hour in 500 ml
of water and the filtrate retained by straining through cheese-~
cloth. Agar was disseolved in 500 ml of water, dextrose added
and the solutions combined. The total volume was adjusted teo
1,000 ml kbefore autoclaving at 15 pe.s.i. for 20 minutes.

Approximate pHE 5.8,

(b} Malt Agar

malt extract (Difco) 20 gm
agar 25 gm
water (distilled) 14000 gm

Malt extract and agar were dissolved in 500 ml of water
respectively, mixed together, and autoclaved as ahove.

Approximate pH 5.5.



APPERDIX 1)

THTEREY EXAMINATIGNS OF EMERGENCE TRIALS ON ARTIFICLALLY CONTAMINATED SEED

Treatment Days after Replicate Total Abnormats Post-emergence Lesions on Colyledons No
sowing Emergence damping=-off germination
' symptons
1 2 3
Contaminated seed 10 i IE] 2 i 8 6 9 25
. . . 2 13 3 1 9 3 10 21
ith A brassicicola 3 76 3 2 3 7 8 2
4 81 Zz 3 1 10 20 19
Hean 76, 25 2.5 1,75 6,75 6,5 11,75 23,75
(1A 1 87 3 11 10 5 21 13
Zz 83 3 8 8 10 13 17
3 88 3 10 b 5 1h 12
b 90 2 1 7 g 2L 10
Mean 87 275 10,0 1.2 1.25 18,0 13
18 1 84 - {2 8 9 16 -
2 80 - il 7 7 1k -
3 84 - 8 6 9 11 -
4 81 - 12 7 8 21 -
Hean 82,25 - 10,75 1.0 8,25 15.5
22 1 T4 - 21 13 b 17 -
2 Th - 13 H 5 11 -
3 B - 14 9 4 7 -
b 7 - 16 10 6 12 -
Mean 13,5 o 16,0 10,5 L1 11,75 -
Contaminated seed 10 1 86 1 0 4 4 2 14
» . Z 15 1 0 2 3 1 25
with A.brassicae 3 78 3 2 3 i} 2 22
4 65 2 0 Zz 5 0 35
Mean . 76,0 1,75 0.5 275 3.0 1.0 24
1k 1 96 i 1 6 3 3 A
2 92 2 0 7 1 0 ]
3 93 3 2 5 1 1 1
A 87 2 i 4 5 1 5
Mean 920 2,0 1.0 5.5 2.5 1.25 8.5
18 1 96 - 2 1 3 2 -
2 93 - 1 6 0 0 -
3 92 - 2 4 2 0 -
4 89 - 1 4 ) 1 -
Mean 92,5 - 15 5.% 2,25 0,75 -
22 1 9% - 1 6 3 2 -
Zz 89 - 0 b 0 0 -
3 90 . 1 4 1 1 v
b 86 - 0 4 ) 1 -
Hean 89,75 - 0.5 5.0 2,0 1.0 -
Clean seed sown 10 1 80 1 - 1 - - 20
2 a5 2 - 0 - - 15
3 68 3 - 0 - - 32
4 72 1 - ! - - 28
Hean 76,25 .75 - 0,25 - - 25,15
14 1 95 2 - 2 - - 5
2 95 i - 0 - - 5
3 87 3 - i - - 13
kb 90 2 - 0 - - 10
Hean 91,75 2,15 - 0,75 - B 8.25
18 1 9% - - 2 0 - A
2 97 - - 0 0 - 3
3 G2 . - 0 1 - 8
4 92 - - 0 0 - 8
Mean 94,25 - - 0,5 0,25 - 5,75
- 5
22 1 95 - - 1 0
2 97 - - 0 0 - 5
- - 0 1 - 5
3 94 .
b 93 - - 0 0 - !
P - - .
Hean 9,75 - - “B P




APPEHDIX (il

EFFECT OF ARTIFICIAL CONTAMIMATION OF SEED ON EMERGEWCE
{ examination made 30 days after sowing)

Treatmeni Replicaie Total Hypocotyl Lesioning Cotyledon Lesioning Lesioning en
Emergence Leaves
1 2 3 1 2 3

Contaminated seed 1 62 21 10 14 16 14 10 0
with A,brassicigola 2 N 22 8 9 22 " 5 0
3 68 20 10 ) 17 16 1 0
h 6k 24 6 1 2t x| 9 i

Hean 66425 23, 25 8.5 9,0 19,0 13,0 1.75 0,25
Gontapinated seed 1 %1 12 1 0 12 5 9 ]
with A.brassicae 2 83 6 1 0 9 2 0 0
3 8% g 0 1 8 1 0 0
4 83 10 3 1 3 1 2 0

Mean 86,5 9.0 1.25 0.5 8,0 2.5 .75 0,25
Control « clean 1 % 3 0 0 1 0 0 0
seed 2 97 3 0 0 0 0 0 0
3 97 1 0 0 1 1 0 g
4 31, 2 0 0 2 0 0 0
Hean 92,75 . 0 0 140 0,25 0 0




APPENDIX LV

EFFECT OF ARTIFICIAL INFECTION OF SEED WITH A, BRASSICICOLA ON EMERGENGE
{ examination made 30 days after sowing)

Treatment Replicate Total Hypoeotyl Lesianing Cotyledon Lesioning Lesicring on
Emergence Leaves
1 2 3 1 2 3

Artificially infected 1 37 ] 1 2 4 2 0 2
seed with 2 28 2 0 1 9 3 2 0
A. brassicicola 3 ko 5 LA 1 8 1 2 0
i LY ] ] 2 8 3 0 0

Mean 38.35 4,25 1,50 1.50 1.8 YAy 1,00 0,66
Clean seed 1 817 1 1 0 0 0 0 0
exposed to high Z 90 1 1] 0 2 0 0 0
humidity 3 g2 1 0 0 1 0 0 0
/ 18 2 0 0 3 2 0 0

iean Bh, 25 1.2 0. 25 0,00 1,50 0,50 0,00 0,00




APPENDIX V

EFFECT OF SEED COHTAMIMATION WITH ABRASSICICELA ON
EKERGENCE AT 30 DAYS {overhead watored)

Treatnent Replicate Total Hypocatyl lesioning Cotyledonary testoning Lesiening
Emergence on leaves
1 z 3 1 2 3
1 75 22 14 11 9 2¢ 5 A
Contaninated sced
- 2 64 30 11 16 15 17 8 8
with Agbrassicicola =
— 3 73 26 15 14 13 20 g 13
sverhead watered
L 69 21 o 10 14 25 A 9
HOEH ?1 05 2"‘-}0?5 12025 1!|00 21 05 5w5 805
1 a0 ] 1 ] 3 1 0 0
Clean sced =
2 26 A 0 0 0 0 0 0
overhead valered
3 89 1 0 Y 2 2 0 1
A 04 2 i 0 3 0 0 0
ean 98,75 115 05 0 z.0 0.75 0 025




APPENDEX Vi

EFFECT OF SILIGUA [HCCULATION W1TH ALBRASSICAE AHD
A,BRASSICICOLA ON THE NEIGHT OF SILTAURS, THE WEIGHT

OF SEFD AND GERAINATION PERCEHTAGE OF THE HARVEST
Mefght of | WHeight of
Treatnent Repticate 100 seed from Gernination
siliquas 100 (%)
(ga) siliquas
(gn
1 2 3 Hean

1 17,567 54543 £7 75 68 68
Siliquas inocylated

2 19,859 6,131 64 94 72 7i
with AJbrassicicola

3 17.087 5,091 80 59 67 £9

1 20,748 56321 at 75 81 79
Sitiquas fnoculaied

2 21,725 5,288 9 7k 75 76
with Agbrassicae

3 19,531 Ly 89 18 82 83

i 26,623 9,063 79 83 94 g6
Control

Z 25595 B, 053 a5 80 78 g

3 25417 80581 85 51 a0 88




APPENDEX VI

ANALYSIS OF VARIAKGE OF TRE WEIGHT OF 100 SiLIQUAS

HARVESTED FROM INOCULATED SEED HEADS

Source of Yariation df 55 ms F F required Resuit
0,05 0,01
Treatment 2 85, 245 42,622 28,49 5,14 10,92 L
Error 6 8,873 1,49
Total g 94,218
APPENDTX VITI
AHALYSIS OF VAREANCE OF THE WEIGHT OF SEEO PER 100
SILIQUAS HARVESTED FROM IHOGULATED SEED HEADS
Saurce of Variation ¢f 8s RS F F required Result
0.05 0,01
Treatment 2 17,011 8.50a i,2 5,14 10,92 L
Ercor 6 1, 269 0,212
Total ] 18. 281




APPENDIX 1X

ANALYSIS OF VAREAKCE OF THE GERMINATION PERCEHTAGES CF

SEED HARVESTED FROM INFECTED SILIQUAS

Source of Variatien df S5 ns F F required Result
0,05 0.01

Treatment 2 864, 9 L2359 1,70 3,40 5,61 L

Error 24 1347.8 56,2

Total 26 22127

APPEHDIX XiV
AMALYSES OF VARIAHCE OF PERCENTAGE WEIGHT OF SEED
RETAIHED BY THE 2,007 npm SIEVE
Source of Yariation af 88 As F F required Result

0,05 0,01

Treatment é 264,50 44,09 B. 79 2,85 by b6 3t

Error A 10,53 5,04

Total 70 335,03




APPENDIX X

THE EFFECT OF VARIOUS DEGREES OF SILIQUA INFECTION BY A.BRASSICICOLA ON
THE PERCENTAGE WEIGHT OF SEED OF GRADED SIZES

Degree Mesh size Percentage weight of seed
Treatasnt of of recorded for each sieve size
pod sieves (5 gm sample)
lesioning m
1 2 3 Mean
Agbrassicicola Stight >2,007 20,08 17.40 16,90 | 18,13
inoculations >1.651  <2,007 58694 59,25 61,27 | 59482
>1,270 <1,651 21,47 26,09 2142 | 22499
>0,838 <1,270 149 1.25 0a42 105
Fairly >24007 17,05 19643 20,28 | 18,92
Severe >1.651  <2,007 60,99 564Lk 57466 | 58,36
>1,270  <1,651 25,09 23,19 2,47 | 23,15
>0.838 <1,270 0,86 0,93 0.64 0,81
Severe 2,007 15,08 18619 16459 | 16462
>14651 <2,007 59,05 5440k 60,90 | 57,99
>1,270 <1,651 25,78 26,31 21,23 | 2habh
>0,838 <1,270 1,40 147 1428 1638




APPENDLX XI

THE EFFECT OF YARIOUS DEGREES OF SYLIQUA INFECTION BY AJBRASSICAE
ON THE PERCENTAGE WEIGHT GF SEED OF GRADED SIZES

Degree Hesh size Percentage weight of sead
Treatment af of recorded Tor each sieve size
pod sieves (5 o sampte)
tesioning mh

1 2 bt Hean
A brassicae Slight >2,007 9,75 15,96 03 11.83
ingcutations >1.651  <2,007 69,32 58,21 bl b5 61,60
>1.270 <1051 2752 25,66 21,02 2473
> 0,838 1,270 0,97 2439 3o32 2023
Fairly > 2,007 16033 5.1 15456 15,68
Severe 1,651 < 2,007 58408 55,60 58041 5731
1,210 <1651 23,90 25,57 Zhatl 2545
>0,838 <1,.270 0.87 0.30 115 0,72
Savere >2,007 7,09 8,00 9,68 Bo?8
1651 <. 2a007 63,26 62,117 57026 6110
>1.270 1,651 28,83 28,58 31,81 29,84
0,838 1,270 0.02 0.3k 1,24 0,80
Coniral - > 2,007 19,33 18,63 18,79 | 18,92
>1a651 £ 2,007 12,51 7148 75,39 73,13
>1.270 £ 1,651 7,73 9,68 5,76 771
>0,838 <1270 R 0,02 0.00 0,14




APPENDIX X11

THE EFFECT OF VARIOUS DEEREES OF SiILIOUA THFECTION BY A.BRASSICICOLA OH
THE GERMIMATION PERCENTAGE OF SEED GRADED TW STZE

Degree Hesh size
Treatnent of of Germination
pod sieves (%)
tesioning {an}

1 2 3 ilean
fi.brassicicola Stight >2,007 76 76 72 Tk
jooculations >1.651 <2.007 i 69 T2 H

>1,270 <1651 76 84 67 16
>0.838 <1,270 0 0 - F
Fairly > 2,007 30 81 7% 79
Severe >1.651 <2007 81 82 T 78
>1.270 <1651 55 64 53 59
> 0,858 1,270 z 3 - 2.5%
Severe > 2,007 73 61 70 65
>1.651  «22,007 L b 63 FL
16270 1,651 LY L0 38 it
>0,838 1,270 2 2 - 207

* Gernination assessed in the

agar plate heat test




APPENDIX XI[1)

THE EFFECT OF YARIOUS DEGREES OF SiLEQUA INFECTION BY
A DRASSICAE ON THE GERMINATICH PERCENTAGE OF SEED
GRADED OH SI1ZE

Jegree Hesh size
Treatment of of Germination
pod sieves 4
lesioning {nm)
1 2 3 Hean
A.brassicae Slight >2,007 91 62 85 84
> 1,651 2,007 92 18 88 86
>1.2710 <1651 59 53 37 50
>0.838 <1270 3 0] = 1o5%
Fairly >2,007 78 75 1k 76
Severe >1.651 <2007 85 80 78 81
1,270 <1,.651 67 &3 53 61
>0,838  «<1,270 3 4 » 245%
Severe > 2007 8% 78 9 g6
1,651 <2,0071 93 92 90 9z
>1.270  <1.651 76 T 77 5
>0.838  <1,270 1 0 - 0.5%
Cantral - >2.007 85 85 87 86
>1.651 < 2,007 8% 7 89 B85
>1.2710 <1,651 57 45 63 53
>0.838 «<1,270 0 0 - 0.0

¥ Germination assessed in the agar plate heat test




APPENDI X XV

ANALYSIS OF VARFANCE ON THE PERCENTAGE WEJGHT OF SEED
RETAENED BY THE SIEVE SI12E GROUPINE >1.651 mm < 2,007 mn

Source of Yariaiion af 58 ms F F required Result
0,05 0,01
Treatment 6 52h, 45 87,41 12,76 2.85 b, 46 @
Error 14 95,87 6.85
Fotal 20 620,32
APPENDLX XV
AHALYS)S OF VARIANCE OF THE PERGENTAGE WEIGHT OF SEED
RETAINED AT SEED SIZE GATEGORY 1.273 mn  1.651 mm
Source of Variation df 55 ms F F reguired Result
0,02 0.01
Treatment 6 862.57 143.76 26,6 2.85 by b6 L
Error 14 75,63 5.40

Total 20 938,20




APPENDI X XVII

ANALYSIS OF VARLANCE ON THE PERCENTAGE WEFGHT OF
SEED RETAIHED AT THE SIEVE S1ZE >0.838 <1.270

Source of Variation daf ss As F F required Result
0,05 0,01
Treatment 6 1.69 1,28 4,13 2,85 by L6 ¥ e
Error 14 39 0.31
Total 20 12,08
APPERDIX X011

ANALYSIS OF VARLANGE OF THE GERMINATION PERCENTASE OF
SEEQ RETAIHED BY THE 2,007 mm SIEVE

Source of Yariation df 58 ns F F required Result
0,05 0,01
Treatment ] 951 158.5 T4 2,85 b6 LI
Error 14 297 21, 21

Total 20 1248




APPENDIX XiX

ANALYSTS OF VARIANCE OF THE GERMIMATION PERCENTAGE OF SEED
RETAINED BY THE SEED S1ZE CATEGODRY > 1,651 nm <2007 mn

Scurce of Yariation af §8 As F F reguired Result
0,05 0,01
Treateent b 951
Error 14 297 58,5 147 2,85 b, 46 i
Totak 20 1248 21.2
APPENDI X XX
AHALYSES OF YARIANGE OF THE GERKINATION PERCENTAGE OF SEED
RETAIHED BY THE SEED SEZE CATEGORY >1,270 mm <1.651 mm
Source of Variaiion df 55 ms F £ required Resuli
0,05 0,01
Treatment & 3654 609 11. 26 2,85 b, b6 $ 2
Error 14 57 5k,1
Total i) 2897




APPENDEX XXI

DETERMINATION OF THE "POINT OF EFFECTIVENESS' FOR
SURFAGE STERILUSATIGNM TECHNIQUES

Treatment freatment Time A.brassicicala Glean Seed Contaminants
isokated (%}
(%) Fungi Bacteria
@
0.001% 5 2,00 97,66 D 0,33
Hercuric Chloride 6 2,66 96,33 0,33 0,66
7 0,66 98,33 0 1,00
8 0.00 98,66 1,0 0,33
9 0,33 99,00 0,66 0
10 0,00 100,00 0,00 0,00
1 0.00 99,96 0,00 0,33
Sodium Hypachlorite 5 533 93,33 0,00 1.33
{1% available Cf} 6 6033 93,33 0,00 0,33
1 5,00 94,66 0,33 0,00
8 2,00 97,66 0.33 0,00
g 0,00 99,33 0,33 0,23
10 0.00 9%,33 0.33 0,33
Hours
Tumbler 2 99,33 0,00 0,00 066
Technique 4 98,66 0,33 0,33 0,66
6 93,33 5,66 0,00 .66
8 87,00 9,66 0.00 3,33
10 83,00 9,00 0,00 1,66
12 84,00 6,33 0,33 9,00




APPENDEX XX11

DETERMINATION OF THE "POINT OF EFFECTIYENESS® OF WASHING METHOOS
FOR SURFACE STERILSATION

Hethod Time A.brassicicola Clean seed Gontaminants
{ hours) iselated (%)
(%) Fungi Bacteria
(%) 2
Gauze Flask 2 100,00 0,00 0,00 0.00
lethod i1 95,66 2,66 , 0,00 3,00
6 70,33 2,33 0,00 21.33
8 65,00 10,00 2,00 19,66
10 49,66 23,00 1,33 26,00
12 4,66 T 63,00 b33 28,00

Gauze Flask 2 100,00 0,00 0,00 0,00
Hethod A 98.33 0,00 0.00 1,66
Hodified 6 90,33 1,33 0,00 8,33
8 85,00 8,00 0,66 6.33

10 72,66 ' 12,33 0,00 15,00

12 61,33 14,66 1,00 24,00

Free Flow 1 10.66 60,33 5.66 23,33
Method 2 7,00 60,00 7,00 26,00
% 7,66 60,66 5,66 19,00

3 4,33 76,66 4,00 15,00

32 3.66 71,66 2,00 16,66

A 1,00 77,66 3,33 17,33

»! 3,33 80,33 1,00 15,33

5 6.00 17,00 4,00 13,00




APPENDIX XXilt

EFFECT OF VARYING 2,4<D/MA COHCENTRATIONS ON COLOHY GROWTH OF A.BRASSICAE
{measured after 6 days incubation at 24°C)

2,40 Concne Colony dizneters {mn)
in nedia
1 2 3 4 5 6 tean
0.1% %7 12.0 9.5 10,0 11,0 9,0 10,2
0,15% 2.0 9.0 a2 9.5 10,0 905 9.2
0,20% 9.0 12,0 745 905 11,5 8,0 9.6
0,25% 805 7.0 7.0 To5 N 840 1s9
0,30% 9.0 8.0 6.0 605 To5 7.0 1.7
0,405 1.5 7.0 1,0 6e5 T.0 15 7.1
Controt 25,5 2640 2605 2805 26,0 2645 2645

APPENDI X XXtV

EFFECT OF VARYIHG 2, %eD /MA CONCENIRATIONS ON COLOHY GROWITH GF A.BRASSICICOLA
Zmeasured after 6 days incubation at 24°C)

2,40 Concn. Calony dianeters (mm)
in medfa

1 2 3 L 5 G Mean
0,14 16,5 15.5 15,0 145 15,5 16,0 15.5
00159 1he5 1505 15,0 1ho5 16,0 1745 1545
0,20% 15,0 15,0 1heS 13,0 145 15,5 146
0,25% 1he5 1he5 15,0 14,5 1400 15,0 1heb
0,30% 13,0 13,5 13,5 13,0 14,0 145 13,6
0u40% 14,0 15,0 12,0 13.5 1245 13,0 12,3
Control 31,0 34,5 36,0 31,5 3ho5 30,0 5249




APPENDIX XXV

EFFECT OF VARYFHG Z,ﬁ-D/FUh COHGENTRATIONS OH COLOWY GROYWTH OF A,BRASSICAE
(measured after 6 days incubation at 245C)

2440 concentrations

Colony dianeters (am)

in media
1 Z 3 L 5 6 Hean
0108 39,5 43,0 5205 53,5 AN 39,0 41,50
0.15% 35,0 3605 10,0 3840 36,0 39,0 3Tak3
0,20% 34,0 35.5 33.5 36,0 35,5 34,5 325
0.25% 38,5 37,5 3.0 38,08 36,0 315 35,25
0,307 36,0 35,0 33,0 325 39,0 3705 35,50
(A4 36,5 35,5 35,5 3545 350 3655 35.25

Controt 51,0 5805 43,0 L6,5 49,5 46,5 48,5




EFFECT OF YARYING 2,4-D/PDA COHCEMTRATIONS ON COLOHY GROMTH OF A.BRASSICICOLA

APPENDIX XxXVI

{neasured after 6 days incubation at 249C)

20D concentration

Cotony diameters (mm)

in media

1 i 3 b 5 6 Hean
0,104 38,5 375 50,0 34,0 38,0 35,5 37,25
0,15% 36,0 37.0 35.5 3445 32,0 35,5 35,0
0,203 33,5 3845 36,0 36,0 3545 33,5 3545
0,259 35,5 35,5 34,0 35,5 3he5 3645 35,25
0,304 3ha5 3545 33,5 305 340 3540 34,5
D405 35,0 35,0 345 36,0 34,5 34,0 3448
Controt 385 11,5 §1,0 4240 3840 42,0 50,5




APPENDI X XXYH

EFFECT OF STREPTOMYCIN O COLOHY GROWTH OF ALBRASSICAE
{measured after 6 days incubation at 249C)

Streptonycin Colony diameters (am)
t‘:onclzrz3

(iu/al 1 2 3 5 5 6 toan
Hone 2865 2950 25a5 2145 2645 28,5 Va7
20 27.0 26,0 26,0 P2 2545 25,0 257
L0 20e5 2165 20,5 20,0 23,5 2145 21.2
60 22,0 2145 210 20,0 19,0 19,0 20a4
80 20,0 21,0 2145 20,5 22,0 20,0 20,3
100 15,0 12:5 13,0 15.0 14,0 o5 135
zao 12.5 130 13,0 1305 1.5 120 12,6
400 110 9.5 945 12,0 10,0 Bob 10,1

APPENDIX XXV
EFFECT OF STREPTOMYCIH SULPHATE DN COLOHY GROWTH OF A BRASSICICOLA
{measured after 6 days incubation at 24°CT
treptomycin Colony diameters {mm)

concn,

(iu/mt) 1 ? 3 A 5 6 Mean
tlone 34,0 3o 36,0 36,0 3.5 3.0 35.0
20 29.5 29,0 28,0 28,0 1.0 29,0 29.1
40 27,0 30,0 29,0 29.5 27,5 78,5 28,6
60 30,0 28,0 28,0 30,0 9.5 29,0 29.25
80 30,0 3.0 29,0 29,5 2965 29,0 a7
100 29.0 28.0 25.0 28a0 25,0 e7.0 27,0
200 19,0 16.0 18,0 1%,019.0 19.0 19,0 T8ed
L0 16,0 18,0 17,0 16,5 15,0 16,0 16,4






