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ABSTRACT

A study was cax'med out on the effect of the black spot disease, .

caused by Alternaria brassicae and A. raphani on yield and quality’ of
mpeseed Mass inoculations of the varieties Span (Brassioa campestris)

and Zephyr (Br‘assma napus 8) with A. bmssicae, A. mpha:ti and a com-

bination of the two were car'med out in the field. A metho:lﬁ was deve-

loped far producing large quantitles of spares far ;moculation purposes
With this method, from 2 to 4 million spores per 9 cm Petri plate were

pmduced every two weeks.

' In Span and Zephyz“, respectively, a severe incddence of A. M—
cae reduced yield by 63 and 42%; A. raphani reduced yield by 42 and 3u8;
and a combination of the two spp. reduced yield by 70% and 41% Appro-
deniately 50% of the yield reductions obt&ined were due to losses in seed
size and we:l.ght The tlisease also increased signifidantly th;.' number of
pods aborting and caused early mturity of diseased plants. Of further
interest was the pmduction by A. __M and A. bmssicae of toxic
metabolites which could cause foliar symptams s:unil? to those caused by -
the fungus, itself.

The effect of black spot on rapeseed quallty was not as large as
on yield and its components. The dieease affected the pmtein content
of mpeseed to a greater extent than the oil content, with Span havmg
the nost consistent reductions. "In gemnal, unh* the reduct:fbns in -
y:.eld in Span were aevere, the ofl nontent was ot reduced. 'I'he fatty
‘acids in:ﬂxe old’ were not strongly affected by b.'lack spat In »an
~ inoculated with A. brassicae, the palmitic and 1imleic aclds wem

im'eased But, :lt appears that the two different fungal apeciea could

*

’ " ,*"**‘»/

~ iu



i R T E v
K ¢ {“ AT
P et

affect the fatty acxd content of the 011 dlfferently The majar\ ey

L] R

glucosinolates in-the meal were reduced by the disease. o ‘g} i+
“ ) B s
In genenal, the changes in the quallty parameters coﬁld be -
¥ AL s
explained by the stress of early matumty caused by a severe disease. '

incidence. But, changes in the relationships of the panameters studied - .,

Ibetween the contml and severe groups , m the differing levels of ms1s- - ¥

T

tance of Span and Zephyr‘, in the differing pathogenicity of A. br‘assl— Y

'ﬁ#
cae and A. raphani, and in the differing production of tox:.c\metabolltes -
sugges?t more oomplex physmloglcal stresses and dev1at10ns could be
occur'ring. ' ' ‘ ) ‘Igé
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~ INTRODUCTION'

Rapéseed‘haﬁ been é%own for various reasons for.at
léast 2006 years, but it was not until the thirteenth and
fourtoenth centupies that it was used for its pressgd oil;
The oil at this stage was magnly used for lamp 1llum1natlon.

In. the' seventeenth and eighteenth centuries Japan was using

. Lo N )
rapeseed 3s an edible oil (Downey and Bolton, 1966),

- . N
Rapeseed has been grown in the prairie provinces of

Canada for 01lseed productlon afnce 1942. By 1965 there

were over a mllllon acrqs of, thls crop in Western Canada,

.and prqggptioqfreached its Highest peak in 1971 at 5.3
- ° -0

million acres.

The two species of fapeseed (Brassica napus, Argentine

[ , . N : . - N -
and B. campestrais, Polish) are grown in varying proportions

in the pbairie provinces. Manitoba grows 40% of Polish-

and 60% of Argentine-type rape. ‘Saskatchewan grows 65%
of Polish- ana 35% of Argentine-type.rape; Alberta ghows
95% and 5% of Polish- and Argentlne type, respectively.
Both the Polish- and Argentlne—type, are susceptlble
to var1ous dlSeases. Plant patholqglsts .across the pralrles

have noted that black spot of rapeseed, .caused by Alternaria

L)

'raghanl and A. bra851cae, was one of the major fungal dis-

{

™ -eases of ﬁapeseed (B&rkehkémp, 1972; Petrie and Vanterpool,

o

1969; and. McDonald, 1959). It affects both the Polish and

. - Argentine fypes of rape. Dr. G. A. Petrle (1973, prlvate

/

communication) stated that since 1970 thevincideqée of

i X K
& -
.



black spot of rapeseed has doupled annually: |

The effect that black spot ma;\ﬁave on yield and quality
of rapeseed has not been in%estigeted. The major components
of yield inkrapeseea are numb&r of pods per plant, number of
seeds per pod, pod length, and seed size (Zuberi and Ahmed,
1973; Ahmed apd Zuberi, 1973). Crushed rapeseed yields approx-

‘imately 40% oil, 50% oil meal and 10% moisture. Thus, the two
major components of economic importanoeﬂin the seed are the oil
content of the seed and the proteln content of the meal.‘ The
relative values of these components varies, but productlon of

apeseed in Canada would not be eoonomlcally feasible without

Soth being present in the expected large amounts.

The quality of the oil of rapeseed depends on the ratio

7of the four major fatty acids. These fatty acids, making up

" 98% of the 0il, are palmitic, oleic, linoleic and linolenic.
The lower the ratio of linolenic acid in tne‘oil, the more
desirable it is for the edible oil industry.

The qnality of the meal of rapeseed also depends on ‘the o
amount’ of,giucosinolates present in the neal. The glucosino- ) ot
lates are hydrolyzed by the enzyme myrosinase in the presence
of moisture to 1sothlocyanates and oxazolidinethione. Toxicity

y ’
of rapeseed meal has been attributed to these isothiocyanates

i

and oxazolidinethione. 1If myrosinase is inactivated quickly
~and moisture«;e kept at.a minimum, as in the present extraction

methods (gre-presa solvent- and solvent proce831ng methods),

-
*

-



the major toxicity problems are avoided. But myrosinase may

bé introduqeg,from othen:sourees, e.g., it may be naturally
produced by QWine and bact?ria in the digésfive tracts of

other l;bestock and,poultry. It may also be intrqduced by feed
contaminants., The glucosinolates, tﬂemsel?es, before hydroly-

sis are toxie to poultry and swine at high levels. The iso-

LY

thiocyanates and oxazolidineth} ne‘affecf adversely. thyroid
size, reproductivity and growth rate (réducéd feed efficiency)l
in certain classes of livestock. There are five gluc081nolate
hydroly31s pﬁoducts that can be found in 81gn1flcant quantltles
in rapeseed ' The three major ones are 3-butenyl 1soth10cyanate ‘
(BI), u- pentenyl isqthiotyanate (PI), and (-)-5-vinyl-2-oxa-
zolidinethione (OZT). The minor ones are 4-methylthiobutyl
isothiocyanate_(MeSB)'and P-phényleﬁé&llisdthiocygnatg’fPhE).

The major purpose«of this investigation was to determine .
. L -

", the effect of the disease black spot caused by A. réghahi}éhd

A. brassicae, on the yield and certain quality factors of rape-

seed. Since large quantities of sporesbare required for fielq//

‘and greenhouse inoculations, and since Alternaria spp. tend/

to sporulate poorly under artificial conditions, it was“necgs-
sary, as a first gtep, to develop methods for prod&élﬂg con-
81stently a large amounht of inoculum on artificial media.

Ip observat}one of the symptomology of black spot of rape-‘

seed there appeared to be a strong correlation of increased

'floret abortion with increased disease incidence. The object



of this study was to determine 1f&infect10n of\Alternarla

raphani, and A. bpa851eae caused &ﬁ 1noneased 1n01dence of .

5

floret abortion. o “ff

A third objective of this iﬂbestigatibn was to deter-
mine whether A. raphani and A. brassicae produced toxic meta-
bb;ites which produce symptoms similar to those caused by in-

fection by these pathogens.

N \



' LITERATURE REVIEW

The Host '

%

The two species of rapeseed grown in Canada are Brassica

naEus (Apgentlne—type) and Brassloa oampestrls (Pollsh type)

These two specles are quite closely related B. napus is an

amphidlplo;d resulting from crosses between B campestris and
¢ r ‘

B. oleraoea (Downey, 1965). In Western Canada, there has been

a‘rapidkehangeovep of licensedxbanieties, because of drastie
changes in seed quality.'\In additfon fo‘this rapid turnover, .
there‘has!been a large build-up in rapeseed produotién (Downey,
Pawlowski, and McAnsh; lQ%Q?.' Rapegeed\%srnow the‘third or
fourth most important-annual crop in Canada. It is nekt tor
wheat and barley'and depending on the year,either nekt to or“‘
-ahead of oats (Downey, Pawlowskl, and McAnsh 1970; Statistics .

(

Canada, 1972).

The Pathogens

| Prior to 1950, tnere was'considerableAconfusion conoebning
»the nomenclature of the various Alternarla pathogens, and the l
matter of nomenclature is stlll 1n a state of flux (Neergaard
.1945; Groves and Skolko, 1945 Taber, 1984; Simmons, 1967; and )
ILucas, 1971). SRR | R o “ S f;;>

A. bra351oae was flrst found by Berkeley in 1836 1n England; |

Kuhn oflGermany found A bra581cae on rape in 1855 and descrlbed
;the fungus. Following thls desorlption, the fungus was found |
‘and wldely reported from ‘Europe, North and South America and

- Asia (Neergaard 19u5). Usually‘lt was found on cabbage, and :

s



othen cru01fepous crops and weeds (Neepgaapd 19453 Changsni

and Webep, 1963, and Taber 1964) | |
‘raphani was named and. deserlbed by GPSVes and Skoiko

in 1944. It had been pepopted earller but was not named

: Neergaard (1945) reported"that it had been fould in Denmark

in 189§ He named the' fungus A. matthiola because he found -

it most commonly on Matthlola incana (common stock) and

radish. 'Taber (1964) stated‘fﬁat-é. raphani had a parrower .

host range than A. braesioae. ‘This had also been pbeviously

peported bp Changsri and Weber (1963). v o

| In Canada, Groves and Skolko, reported A. haphani

only on radish 1n 1944 and in 1950, Atklnson also found 1t

: \
on radish seed. A bra351cae ‘had been found on rapeseed by

‘"GroVes and Skolko inm 1944: In 1948, Vanterpool found A. Lo
braseicae on rapeseed in Saskatehewan. S;nce 1956, black .
'spot of rapesezE\nas been‘reported annualip as o L of thf-
’diSeaSeS“of Papeseed in the prairie;provincee\(QZn Plant.v .
Dis. Surv. 1956-1972). Q»Tn 1963, Vanterpool and Taber
reported for the flrst tlme ‘the occurrence of A raphanl
as a pathogen on rape, and 1n 1964 theyqlnoluded A
aphanl w1th A bra531cae as the cause of black spot of

. rapeseed. . o . "* ﬂ

Usually theﬁe spec1es occur 81ngly in 1nfected tlssue
but both speeles ‘have in some .cases been 1solated from the
'same plant (Petrie and Vanterpool 1969)” In_Alberta,vblack .

e . - ‘ S R o
spot ' e .- e BISERNA

=
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caused by A bra331cae, was the most prevalent dlseas“on
rdpeseed in 1971 (Berkenkamp, 1972) .
A gzasslcae and A.

The occurrence of
raEhanl could vary from year to year
. &
favored during wet years and A.

because, according to Vantepgool (1963), A. bma581cae was

2

Q_(lQHS)

raphani- during dpy years.
= The taxonomlc desqplptlon of A. brassicae and A.

descrlbed by’ Neergaard (1945)

rthanl was given by Groves and Skolko (1944) and Neepgaard
Symptomology of the fungi on thelr hosts was

‘McDonald (1959)
and Weber (1963), and Taber (1964)
Sporulation on Artificial Medla

Changsri

medla

of media for growth and sporulation of A.
produced ‘spores more readlly than A.

A
bra851cae, and A. brassicicola.

Changsri and Weber (lQéQ)Iteeted 21 different kinds

raphani, A.

-

They found that A. bra381cae

raEhanl on the varlous
In general the more concentrated the leaf decoc-
tion the greater was the sporulatlon

(1973), worklng with A. ‘alternata, found that by doubllng

Ionn01dls and Maln
the concentratlon of the V-8 medla, they 1ncreased sporu—

sporulatlon of A. bra831cae and A

latlon. Changsrl and Weber (19§’), Taber (1963), Mcionald
(1959), and Atkinson (1950) found that some media enhanced

raEhanl. |
Lukens (1980) found that llght stlmulated conldlophore
temperatures above 23 C.

productlon of A solanl but 1nh1b1ted con1d1a1 productlon at
by

When elther contlnuous llght or dark—

.
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ness was used, fewer spoves'were produced than in a diup--

nal llght (Lukens, 1962) + In dmunnal llght a deflnlte ) L
‘ zonatlon of spore. productlon occurred (Lukens 1962; Chanésni
and Weber, 1963,\and Taben, 1564) Taber (1964) found that
the longen the wave length, the greaten was the pPOdthlon

of conldla in relatlon to eh}amydospores by A. raphani.
Billotte (1963) found that ultpavlolet llght stlmulated spor-

‘ulatlon of some Alternaria specles

‘Thé oPtlmum temperature for maximum oporulatlon of A:
raphani and A.- bra851cae was found to be between 23 and 25 °c.
(Neergaard 19u5 McDonald 1959 Changsri and Webep, 1963;
and Taber, 1964)

Woundlng of Alternanla colonies was first shown to stlmu~

~ late sporulatlon in A solanl by Rands in 1917. Rands also 1n— .

dlcated that dehydratlon resultlng from the ScaPPlng of the
medium was a factor in 1ncreaslng sporulatlon. Ludw1g et al
(1962) wopklng with A. solanl and Blllotte (1963), worklng with
A. brasslcae, found that - scraplng a mature colony, followed by

washlng w1th water, and then leaving the’ plates open to cause

¢ L

drylng, greatly enhanced spore productlon.

Ludw1g et al. (1962) found that sporulatlon of old culturés ‘

of some Alternarla sSpp.- was rev1ta11zed by Slngle Spore trans-.

fers. McDonald (1959) reported that single spore transfers of

g.A. bra831oae on alfalfa decoctlon agar (ADA) produced the lar-‘x R

Iy

gest amount of spores. He found that there appeared to be qn

s

I

[N
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Y antagonlsm between colonles of A brassicae on ADA, although

,“ thls phenomenon did not occur on V- 8 veéetable agar.
Rose Bengal was flrst shown by Smlth and Dawson (19»4)\
.to be able to 1nh1b1t the growth of actlnomycetes and most
bacterla, and to reduce the growth of fungal mycellum Martln

“in 1950 verified this work : Rose Bengalvnn;commonly added to -~

medla used for 1solat1ng fungl 1n pure culture (Alexander, 1965)

" ‘ : » é, A
Yzeld and Quallty of Rapeseed ‘

o+

There was a lack of :thormat:.on on ‘the effect of the black
’ spot‘dlsease on the yleld and quallty of rapeseed McDonald
(1959) studled‘the effect of A. brassicae on Argentine rape '
and reported that there was no significant reductlon in yield

and seed size. Loof (1959) stated that AIternarla sSpp. were p

the most 1mportant pathogens on crUclferous crops in. Europe but
}’?‘1

: . e
gave no 1nformatlon on y1e1d reductlons. P :

4

S e
The\effect of other dlseases on yleld oflﬁmheﬁ q%fps_ls
vﬁﬁl documented. In the yarious crops tms was’ eommc;thly.e ttpl-
buted to a reductlon in seed - size, and to a lesser egtent on.
other components of yleld (Greaney et aL, 19413 Floﬁ 19uu
Peterson et al,. 19u5 Sackston, 1950 Hartw1g and Johnson, lgii)
Green and Bendelow, 1961, McPadden et al, 11960} Zlmmer and

~(
/ .

meerman, w92, B

'“,"b There wasa lack of 1nforma1:10n on the effect of any dlsease

of rapeseed on the quallty of 011 or mell, although references
. '9




,

qulte common (Greaney et al., lSHl Peterson et’ al , 19455

\ KSackston and Carson 1951, Zlmmer and Zlmmerman, 1973) ' ﬁ“d' v

- Sackston and Carson (1951) 1nvest1gated the efggct of
pasmo and flax rust on the 011 content of flaxseed They
'found that both flax rust and pasmo slgnlflcantly reduced
the oil content. In sunflowers, Zlmmer and Zlmmerman (1972)

‘found\that ™ t, systemxc downy mlldew, and head rot 51gn1—‘

‘flcantly reduced the 011 content.l { ,\' R ,‘1 oL

*a

Two other quallty factors in rapeseed were the fatty

LY

~ acid content of the 011 ‘and the glucos&no}ate content of .
N ! B ;‘
the meal In lQBu SlmS did a study on fatty a01d conpopfﬂ

I 81t10n of the oil of rapeseed as it changed from polllnatlon,
‘to maturlty : Fowler and Downey (1970) did a more complete.
study on the fatty acid content in low erucic ac1d materlal.
“They found that oil and dry matter accunulatlon followed
‘Y81gm01dal patterns, w1th most of the dep081t10n occurrlng

"between Ik, and 35 days after polllnatlon. There were four . .

majdr fatty acids 1n 1ow erucld acld materlal palmltlc,‘

,,A\‘ .

,:‘olelc, 1inole1c,‘and rﬁnolenlc., The ratlo of OlelC tol .

“s..llnolelc and to 11nolenlc ac1d was establlshed 21 days

‘!after polllnatlon (DAP) The major contrlbutor to 011 S
”accumulatlon 1n rapeseed was the embryo. It 1n1t1ated 011
‘synthe31s between 1u and 21 DAP.‘ After 21 DAP, palmltlc

ﬂpacld dropped 1n relatlon to the 18 C-unsaturated 661d8.: Olelcf 7
' \ e

Tjacld 1ncreased after 21 days by approxlmately 10% whlle 11no—itp[

BEE TERVEEN
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“I/ére wds a lack of 1nformat1on on»the effect of .any

dlseaee on the fatty a01ds of the 011 of rapeseed Sackston
and éarson (1951) showed that dlfferent dlseases have dlffer-;
ent‘%ffects on ‘the fatty a01d compos1tlon of flaxseed : They

t

[ . ’ f
fouhd that flax rust 1ncreased, whlle ~pasmo decreased the ;
"- l r . t Sy

1odine number of the 011. ‘Todine number of the 011 was a.

Q@

£

measure'of the degree of unsaturatlon of the Oll (a change |

i

1ﬂ the amount of llnolenlc acxd present 1n flaxseed changes

é'io 1ne number) Zlmmer and Zlmmerman (1972) found that
do ny mlldew, sunflower rust, head rot, dhd vert1c1111um '
4" v L
w1§t had no 81gn1f1cant effect on the fatty aclds of the

\ 3 ' e e

01lﬁof sunf&ower.‘ ‘f»f‘ el '*1

a»“@nformatlon on. the effect of dlseases on. the gluco—: L',
" \’" o *'”' o
81nolate content of rapeseed was also lacklng. Kondra and

|.' . A |\ £

Rﬁneyklwsgx descrlbed the changes 1n glUC031nolate content :'
og devé&oplng rapeseed. The study was done on the three‘

- '\‘
e ma&or Qlucos1nolateehvdrolysls,pnodeets Argentlne varle-r-

BN - ¢ ’ . . . “‘

W R PR S C U SR . . S -

- Kﬂw tles,‘lnngeneral, had*a~hlghepﬂglucos1nolate—eententffﬁaﬁ’f—fff*
. T\ - .‘,‘ “,‘. o . ”_'4 i ) s e . .‘a f; . N B o K .

Ry , 1y . ,,

Con Pollsh\varletles. The relatlve flguresifor the Argentlne :
i K : \ Y

':ﬁihf varletYa Nugget, were" BI”‘l 22 PI--D lu and OZT-~6 8u

‘*mwcompér'ﬁzto Pollsh varlety, Echo, w1th BI--l 52, PI-—2 00,

tmnued atpa decreased rate.y The bulld-up of‘theSe hydroly-;{"




».4‘ | ' . [

'~ sis products corresponded closely to the pattern of embryo
9 g
growth and development The bulld up of the glu0051nolates

“continued untll the seed was mature..' ‘ ‘ - o

(]
kY . R
5 . S . . . "

Floret Abortlon" [ o : 1q.Mn

Vaartnou and Tewar1 (1972) reported that ﬁlternar&a

Vo 1 .
alternata caused floret abortlon in rapeseed ‘However, they’
O ———————— ‘k\‘
- .did not present any’ data to support thls observatlon., Thus,'
y ‘
1nformatlon on the effect of Alternarla spp on floret abor—'

tlon of rapeseed was, lacklng. Sackston (1950) found t'hat pasmo
caused a decrease in branchlng and a smaller seed set in flax.

Dunleavy and Weber (1967) found that soybean y1e1d loss caused

|
by brown stem rot was due to a 64% reductlon in geed number "

_ and a 36% reductlon 1n seedgglze. Harper and Pittman (1971,
v ,

prlvate communlcatlon) d1d a study on the effect of Albugo

L ’

cruc1ferarum on Span rape.‘ They found that the per cent yleld -

loss was proport10nal to the per cent of branches w1th stag- ,W;mm

head symptoms.ytﬁ n, ;n,ﬁ ;»-‘

‘,{ A.v\ » . ‘ o »‘,( . 7"= ' '.
Toxln Study B _:"‘_ ;‘,. ,'lg - 3 gw

Several plant}toklns have been 1solated from culture fr~

faltrates produged by specles of Alternarla._ These were all
' of relatlvely low molecular welght, non-ehzymatlc compounds '

Q

ranglng from small'peptldes to 81mp1e phenols (Templeton’ ﬁ”:h“.‘ﬁ

e

1972). Recently, 1n Japan, eV1dence has been accumulatlng
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Cy . ‘ , A ) o i p .
action of A.‘kikuchiana on pear (Torikata, 1972, private

Thakur\ (1966) showed that a: culture ﬁltrate of A ‘ﬁ& \r‘\“

. : f o | . C
o » } ; \ . - ; . , .
. " \ . ¢ . S .y v
PR SR . : i . ' [ |

communlcatlon) B ot e

'
'H

The role, if any, of Alternarl tox1ns,.dur1ng patho—

R

gene81swasnot yet clear, but therewereconVﬁnclng arguments

o ithat sqme of them partlclpate 1n symptom development at cer-«

taln tlmes durlng 1nfect10n and 1ncubat10n.» The studles of
A klkuchlana on pears have shown that pathogenecrtywasstrong—\1
‘ \

: 1 K
A. altgrnata exhlbltmia great deal of varlatlon in plant

.o

‘ly correlated w1th ‘toxin: productlon (Torlkata° 1967)
Jlnfectlons (Slmmons, 1967 Lucas, 1971) A group of toxlns

have been 1solatedwfrom A. alternaia. Fulton et al (1965)

* -«

showed that A. alternata produced % metabollte that caused,

’\

dlrrever81ble chlor081s of . the coyledons of developlng'ootton

seedllngs._ The metabollte was. later 1solated purlfled and

named tentoxln. A. bra351cae and A. raphanl dld not produce " .
e A
tentoxln.\ Taber (1964) '1mp11ed 1n her thes1s that A bra851cae

...._....,, |

and ‘Al raphanl may produoe metabolltes that are toxlc to rape-

seed but d1d not 1nvest1gate thls p0581b111ty.‘ Husaln and

FEL I

P
ssicae .
b,-—— o
: S

'''''

. ~. o b . Jo

1n yellow ‘mustard cuttlngs with:.n 12 hours. There wasa lack

of 1nformation as to whether A. bra881cae and A. raphanl pro-'

duce metabolztes that were tOXlQ to rapeeeed.
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.ot ‘MATERIALS AND METHODS' o ‘“\> 5
| | ‘ ! : ' .

. Sporulation on Artificial Media*'

. !
IR

Fungil | E . | o 1 ﬁh

Alternarla brasslcae used ‘in. this study, was iso- .

lated from a black epot stem lesionﬂph rqpeseed collected

\

in the Lamont Alberta abea. Identiflcatxon of thls iso~"

¢ "!

late was conflrmed by Dr. G. A. Petble, Oanada Department

V
of Agplculture Reseapch Statlon, Saekatoon .“({

r
¥

o

~ ) ‘é‘
isolated from\rSpeseed’se d'prducea An the Meadow Lake),
' ' * .‘*t}\“u“;n f
Saskatchewan area. ot

- f '

paghanf was obtaiEed‘frcm Dr. G. A\ Petrie. ' It was

n
-

B ‘Bothnspecies were\maﬁntained on. V-8 nutrient’ medium
during thié investigation. V-8 vegetable juice‘was a mix-
ture of various vegetables;\seasonings, and vitamin C made

by Canpbeil.Soup Company Ltd. Miiler (1955) was one of the
first researchers to recommend it as a general- purpose medlum

for fungl and bacteria. ' " : ) .
. . - .

Nutrient Media . f"

" The- following nutplent agap media were used to deter-

mine their-effect on the egﬁruléting ablllty of A. brassicae,
"m

’

andsA. raghanl. ‘ ) QJ
{’ Vo
V-8: 200 ml V-8 vegetable juice, 0.75 g CaCo, 20 g leco

agar, 1000 ml dlstllled, demlneralized water; -

Moy 4 “‘
v-q;RB V-8 with 0. 01% streggomyoih, nd 0.00y% Rose Bengal

. \

"u added,
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MYA (Malt Yeast Agar): 5 g Difco malt ext%aot, 5 g Difco
yeast extract, lS\g.dextPose, lS‘g Difco agar, 1000 ml -
distilled, demineralized water; ¢ | |

Sach's .agar medium: 1.0 g Ca(NO3)2, 0.25 g K HPOH, 6.25 g
Mgsoq-7néo,\o.91 g FeCl;; 4.0 g CaCOa, 29 g Difco agar,
1000 ml distilled, demlnerelized water;

PYE (phytode yeast extract agar):™ 10 g phytone peptone, § g
yedst extract, 40 g dexfrose, 0.03 g streptomycin, 17 g

Difco agar, 1000 ml distilled, demineralized water;

MA{(malt agar): 25 g malt extract, 17 g Difco agar, 1000 ml

I8

distilled, demineralized water. )
' N

Twenty-five ml of agar medium was poured into a 9 cm

Petri plate and, after solidifying, the medium was seeded

~ with spores ecrapedJTrom the middle of the colony of A.

brassicae, or by mycelium scraped from the leading edge of

the colony of A. raghanl. In b?th methods the plates were .

S
with a minimum an%Pt ‘of- mycel&um. T?e cultures were 1ﬂCu-

\ [

bated at 23 C in 16 hours lmght with an 1nten51ty of 150-

200 foot- candles of incandescent llght followed by 8 hours

”

of darkness.

The extent of sporulatlon was determlned 14 days after -

{

~
seeding. The yleld of spores was determlned by ppurlng 10.
ml of water over each culture, scrap1n£ the colony w&th a

wire hook to dxslodge spores, and using an Improved Neubauer

. -k . . _
- haemacytometer to obtain the spore counts. Each test was re-

g . o

” o



peated 3 ti? [¥
pelatlve y&g'%;;'?f 57 As

n‘ SPE &s\j v
. a scale of 0 withug representing the highest yield and
.0 representlng no’ spores The numbers in the scale in terms

'of the approximate “number of spores pep ml were &s follows

1 = 100; . 2 = 1000; 3 = 10,000; 4 = 100,000; 5 = 200,000.

Seedmng Load of Spore Ino@ulum

|
The same methodﬁ as described under the heading "Nutri-
4

"ent Agar" were used, with the follow1ng ch§hges.

1) only V-8 RB medium was used,

1 2 x 102, and

2) the medium was seeded with 1, 2, 2 x 10

2 x 107 spores per ml of A. raphani and A. brassicae.

Rose Bengal Concentrations

The same methods as descrlbed under the heading "Seedlng
|

Load of Spore Inoculum" were used, with the follow1ng changes

1) only single spores of tng respective fungi were used to
seed the blafé, Lo . '

2) the V-8 had concentrations of 0, o.odg%, b.oogS, 0.008%,

©  and 0.016% Rose Bengal added to the media.

Temperature

»

The same methods as described under the headlng "Seedlng
Load of Spore Inoculum," with the following changes were uaed'
1) only éingle spores were used to seed the plates,

AN e

2) the fungi were cultured at temperatures of 15, 17 20,‘
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23, 24 25°C. T A

Light

erature," with the following changes, were used:

1)
2)

Depth of Agar Medium

The same methods as described under the héading "Temp-

only a temperature of 23°C was used, - L

1

light regimes were: a) continuous light, b) continu-

ous darkness, c¢) 16 hr light and 8 hr darkness, and.
d) 8 hr light and 16 hr darkness. Light at all times
refers to an intensity of 150-200 foot candles of inéan-

-~

descent light..

3

The same methods as described under the heading "Light"

were used, with the following changes:

1)
- 2)

the fungi were cultured on 25 ml or 15 ml of V-8 RB, and

the cultures were grown in 16 hr darkness and 8 hr light.

a

Wounding of the Culture

The same method as described under the heading "Depth of

Agar Medlum" was used ‘w1th the following changes

1)

2)

'only plates contalnlng 15 ml of V-8 RB medium were used,

and

;after six days of growth half of tﬁe cultures were wounded

by scraplng with,a Btlff wire loop, and on the followlng
days after wounding, spoié concentratlons were determlned

for wounded and unwounded cultures up to 14 days after seed—



Age

ing. , A

of Culture

ing
1)
2)
3)

The methods were the same as descrlbed undep the head-

“Depth of Medium," with the follow1ng ohanges

only plates with 15 ml of V-8 RB medium were used,

the fungi wére grown on V-8 RB for 19 days, and

spore‘counts were made each day with a haemacytometén.

)



Effect of A. brassicae and A. raphani on S

"% Yield and Quality of Rapeseed

b

Varieties of Rapeseed‘

N
Two rapeseed varletl s were used: Span, a PoliSh type,

" Brassica campestrls, and iephyr, an Argentlne type, B. napus..

Span is an early variety that matures in about 90 days,'and
has an average oil.and protein content of approximately 39
and u2$, respectively. ;tAis cross-pollinating. Zephyr, a
late variety, matures in about 120 days; and has an average

o0il and protein content‘'of approximately 40and u;%, resbéct" :

cdvely. It is self~pollinating.

Experlmental Design

'A randomized block design, w1th each treatment repllcated
Y timesvpuas used.  There were 8 rows per plot, 5.01 meters in
'iength andlspaced 20.5 centimeters‘apart. Theftreatments wereE‘
1) non—lnoculated plots (control), 2) 'inoculated with Al
bras51cae, 3). inoculated with A. raghanl, and 4) inoculated

with both species of Alternaria.

H

Treatments

Each repllcate consisted of the 8 row plot of a rapeseed
varlety bordered with 4 guard rovws of the same varlety. An
.1nooulatlon treatment con81sted of spraying the central area
of 2.44 metera X 0 92 meters in each plot. Qiﬂn 1nooulum load
g of 30,000 to 45, 000 spores per. ml was applled with an air |

powered paint sprayer, u81ng,1 atmospherlc‘pressure. ,ovhun-”

19



'A. . )

dred ml of spore suspen51on were applled per pepllcate. For
'the plants treated with the comblnatlon of both epec1es a 1l: 1

suspension made up'to 30,000 to HS,OOQ spopes/ml of Q. brassicae

- and A. raghanl was used. . . \1 . o B . o

b
a

All 1noculat10ns were carrled out. between 8: 00 and 10:30

p.m. to take advantage of a favorable dew-factor and lower evap-
\ , H

oration rate. ) N K o
, v . o . ) \ o3 A

Inoeulatione P | < | ' .

Both varieties of rapeseed were 1nocu1ated at 36, 46, 53,
and 62.days after seedlng. Zephyr was 1nocu1ated an add1t1ona1
time at 89 days after seeding. \

The stage of development of each varlety at the time of

inoculation was as follows' (accordlng to Berkenkamp 8 growth )

[

)

stage key, 1973) . w ‘ i K .
1) 36 days after seedlng | |
Span——first flowers opening on terminal bud;IS.O;
, Zephyr—-termlnal bud present, 2.0 o
2) ub days after seedlng -
‘Span-flower‘pods elongating, 3.2;
Zephyr¥-$udsfyéllowing, 2.4; ‘gv - ‘.v e g Co
3) 53 days' afté% seedlng L " ' B ".“F ;; h |
Span—-seeds enlarglng, all buds open, 3.4; 'jf» N
Zephyr—-peduncle elongatlng, many flowers open, 3. 1

N A

4) 62 days after seedlng »-V"’ R ;[
; ' C :
, Spah--seeda 1n lower pods green, opaque, u 1; o N

. Rt
' ot



‘ Zephyr--lower pods starting to £111, 3.3;
y §) 89 days after seeding,
Zephyr--seeds ‘in lower pods green, opaque, U4.1.

!

Weather ' .

Al

Louvet and Billotte (1963) found that a succe581on of wet
~and dry periods were the most fevorable for abundant Alternaria
f'spp. spore productlon. These spores were most commonly dlssem-
B inated by wind and raanI Infection occurred most readlly when
. free water was present. Under‘these conditions infection
occurred 1n less: than 6 hOurs. |
The weather of the sprlng and summer of 1972 met ‘these con-
dltlons remarkably well There was above normal preclpltatlon
wh1ch occurred gradually over the spring and summer months.

. Thus, the grow1ng season of 1972 was an extremely favorable one

for the estab}lshment of a hlgh incidence of Alternaria d1seases

on'rapeseedv
. -

Harvestlng,Methods

Span and Zephyr were harvested 96 and 125 days after seed-
, 1ng, respectlvely. Two methods of harvestlng were used
:1) Bulk method--Two rows in each locus of 1nfect10n or 1n the,
centre of the controls were harvested and called the bulk-\
‘harvest. Plants 1n\thls area were moderately to severely |

diseaaed. Controls had only a trace of d;sease and were, -

..therefore, bonsidered healthy, f;;_" S i', S f fa;’;{
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\

$2) Dlsease—ranked selectlon method—-plants wer? grouped in-

to four categorles based on the extent of dlsease devel-‘ N
Uy

\

\ 'opment. Three samples, each con81st1ng of five plants,
were taken from each plot. The plots were repllcated 4
tlmes and therefore, 12 samples were obtained per Patlng

A study on'dlsease-ranked materlal infected with A. bra851—“

cae, A raphanl, and the comblnatlon of both species was

R

g done. A,descrlptlon of the four dlsease-ranked categorles

was as follows:'

1) Control—-none or few superflclal stem lesions, no.-lesions

" [

'girdling the stem, pods with few superflclal lesions,
2)"Sllght——at least 3 lesions per branch, large and sunken
| pod lesxonswerecommon, floret abortlon greater than that
‘occurr;ng on the control plants by natural prunlng,
7_3). Moderate-—sfem and pod 1e81ons of the sunken type quite
common, w1th some stem 1e51ons glrdllng the stem, floret
abortion markedly 1ncreased over the control,
lu) .Severe-—stem and branch glrdled in at ‘least 2 places by
sunken 1e91ons, shallower stem’ and branch le51ons occurred,;
every 7 to 15 centlmeters, pod 1e81ons werelarge, sunken, |
~and coverlng one-quarter to one-half of the pod surface,
'}od peduncles often le81oned floret abortlon about tw1ce

- as common as 1n plants rated sllghtly dlseased.‘f ;,‘,’ ur'f

" All determlnatlons for y1e1d and quallty were done on two. .

kinds of . m&teplal’ 1 €.y bulk harvested and dlsease-ranked

v
e .
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‘selected plants.

‘Methods of Analysis’
‘\‘f\ X . o . “\ . ) E ‘ ' ' Ly
© 0il Content Analysis BRI

e nuclear mag—

011 content was analyzed with a WIde—ll
‘netlc resonance (NMR) spectroscope, Mk. 2, from Newport of
“North Amerlca ‘ The technlque employed was a modlflcatlon of
one used at the Canada Department of Agrlculture, Saskatoon
The bulk samples were analyzed us1ng a 26 g subsample of the

,harvested material. The disease-ranked were analyzed us1ng

“a 1.5 g'subsample of the‘harvested mater1al.

Protein Content Analysis

~ The proteln content of the seed was analyzed by the AACC
“'Method 46~ 12 method (Watson, 1972, private communlcatlon)

The percentage of proteln of the meal was calculated by using

the formula:

\‘protean of ' ;;‘ protein‘content of theiseed sample (%) . . :
N - ' : : - x 100 |

f ‘the meal *) .‘100»- oil content of the sample (%)

o

: aooo Kernel Welght Ana1y51s

One thousand seeds obtalned from the bulk-harvested and

‘fdlsease-ranked method o harvestlng were counted ‘out and’

_ 'weighed. B 'j_ B R o .“ﬂ' “



S fWetter

-1000 Seed Volume Analy51s

The seed obtalned fop the 1000 kernel welghts was used

for measuring 1000 seed volumes The seed was poured 1nto
a graduated burette contalnlng'a known | volume of 70% ethyl
alcohol The quantlty of lLQU1d dlsplaced by the seed

' i
f

reppesented the volume of the 1000 seeds

‘Seed- Den81ty AnalySLS’ | . f e

ThlS value ‘was obtalned by d1v1d1ng the 1000 ~kernel

W?lght of a sample by its 1000-seed volume .

All of ;the above analyses were, done on all the fleld

harvested material. The glu0051nolate and fatty ac1d

analyses were determlned on the bulk harvested materlal and

the dlséase—ranked materlal 1nfected with A bra531cae

o

Fatty Acid Analy31s .

The relatlve quantlty of the u ma]or fatty acids of
the rapeseed 0il was determlned by the method descrlbed
, by Downey and Cralg (196&) A Hewlett Packard 5750 gas

' chromatograph was- used for thls purpose. L

P L)
[ v

“Gluc081nolate Ana1y81s.”

[

The quantltles of the g1u0031nolate hydroly81s productsf L

3-butenyl 1sothlocyanate (BI),, -pentenyl 1sothlocyanate

T(PI)’ ‘methylthl°butyl 18°thlocyanate (MeSB), p-phenylethylﬂ?‘””

flsothlocyanate (PhE), and (- ) S—V1nyl-2-oxazolld1nethlone- o L

R V(OZT) were determined by the method descrlbed by Youngs andblﬁ,ﬁﬁz

.-



o e ez

»..calculated in order to determlne how strongly. related the

\ \. ) ‘
.f' ‘4 ' S S o ; o .
(1967) (Ihe abbrev1ated forms of the glucosxnolate products
S 4\‘\ : v, ";
-w1ll be used henceforth ) A Varlan AerOgraph Serlesﬂl200 gas .
' )i ' ‘ W

chromatograph was used for thls purpose.j Ultpav1olet : '[‘ff

spectpophotometny was used for the 0ZT determmnatlon

l]" . . : . ) N

o . i
o .

‘ Methods of Statlstlcal Analyses‘ | "' I

‘ quallty data usang a randomlzed block method k 53- h;,~

y ‘ .
Analyses of varlance was carrled out on the yleld and

re, R
Slmple correlatlons 1n a matrlx for the varlables were

\

varlables were to each other.‘ The correlatlons were set up
\

fop the bulked materlal of Span and the dlseasepranked materlal
"

Lof Span 1noculated with A. brassxcae‘under the<follow1ng.gtoup+
S - . -— st t———— . . ~ . o ,.v,,._.-.. N .

A

1ngs ' G C R T T

1), Yleld, 3. 011 of the seed (011) % proteln of the seed

] €

f(proteln S), $ protein of the meal (prote‘

-welghts (1000 kwt), seed volume, and seed den51ty.~,

R

- R
and lanolenlc acld) o o uLV

“a3)th1eld, proteln S, proteln M, and the gluco 1nolates (BI

PI, MeSB, PhE, OZTderefer above)

. L
o
;-

'2), Yleld, 011, and the fatty aclds (palmltlc, olelc, 11nole1c, -



Effect of A braSS1cae and A raphanl on " florét \5'

n

i Y L 3 Q’ v \ ‘e
‘]s\‘f".' o abortlon and floret numbers‘f AR
. ‘A Seeds of thé varletles Span and‘Zephyr were germlnated‘-

T

“on wet fllter paper 1n 9 cm Petr p ates. After B days the
W . \ ) !
seedllngs were transferred to plastlc pots contalnlng a

3:2:1 801ldm1xture (3 black loam. 2 peat' 1 sand) ThreeA

llzer was’ applzed at ‘the rate of 112 kg per hectare once a

f R “

’month ‘ Elght repllcates were used

.C, seedllngs were planted per 15 2 cm pot.' A 16 20 0 fert1—~

n 3

: g
The plants were grown 1n a greenhouse where the tempera—

\ ture’ ranged from- 20 C durlng the day to 17 C at nlght. mgﬁ.

p

' Twenty four hours prlor tb 1nfectlon the plants were trans-
'ferred to a growth chamber where the temperature was 21 °c

L and the relatlve humidity was malntalned at 85- 95 per cent.A
SN

v p". The plants were 1noculateq wlth A bra551cae or A
raphanl u51ng a ﬁeV1lhlss No. 121 atomlzer and applylng 50
a ml of 1noculum e&spen51on contalnlng 30 000 to us 000 SHOPGS/miyf

Inoculatlon of the plarnts was begun when flowerhng was

-

1n1t1ated, and repeated u tlmes'gtl-week»1ntervalsu Control o

o ol
L plants were treated the same as the/lnoculated ones, w1th,

the exceptlon that only dlstllled water was used to sPray‘]qu%

Che .

'>ﬁ{\::f {‘J,v Tox1c Metabolates"'

= ‘”{” - ~-".

) 'uﬂ.—
".r‘_,h .J-j': _____———-———

Three fungal spe01és weﬂe used‘ A. bra881cae and A

raphanl, pathogens on' rape,'and A. humlcola, a saprophyte*"

Wf’pcommonly occurrlng'on rotten frult. Each fungu‘ wasugrpwn _



©.'was processed in the same manner as - the 1noculated medlum. SR

' ' ‘l“ b i’ ‘.»r'\ ~
'15 cm 1n dlameter cfntalnlng 100 ml of V 8 RB llquld medlum.
ﬂEach medlum was seeded w1th one, ml of spore suspen31on con— .

L
‘A

-‘talnlng approxlmately flve spores.
The fung1 were 1ncubated for 2 w?eks at 23 °c. in .a stand—

: 1ng culture.\ The cultures produced a thlok mat of mycelium

4 Lt

*on the surface of the medlum. The fungl were harvested by

o

"wpourlng the contents of ‘each Petr; plate 1nto a Warlng

[N K

‘ﬁwhlendor and maceratlng for one mlnute.' The reSultlng sus—‘

; pen51on was flltered through 2 layers of cheesecloth and
. S \ '

centrrfuged at 15 000 rpm for 45, mlnutes. The supennatant

~ ~

fmaterlal was then passed through a serie of mllllpore fll—

8 v,

“ters 6f 51zes "3, 1.2 and 0.45 mlcrons.. ApproX1mately 250—

" 300 ml of sterlle flltrate were obtalned ‘from 4 Petrl plates.

The controls conslsted of sterlle watep and non-lnocu- ‘

o K ‘n

| llated V-8 RB llquld medlum. The non 1noculated llquld medium

e | ' A ¥

LHalf of the 11qu1d materlal Was used w1thout further pro-‘

i
[

“ce581ng, whlle the remalnlng half was autoclaved for 20 mln.

\

'Thus, there were 8 dlfferent treatments as follows. V‘T’ ;wﬁ-

[

'}j l) ‘A.;bra531cae flltrate (autoclaved) | _
' 2) .;. raphanlelltrate (autoclaved) ”:I‘fﬁtiflv
373-A.-humlcola filtrate (autoclaved) psﬁfv B
4) V 8 RB llquld med;um flltrate (autoclaved) N
S), 6) and 7) as l, 2 and 3 above but not autoclaved‘

8) d*\&llled autoclaved water.:"‘uf‘%

)

o



¢ C
The filtrates were assayed in 2 ways for the presence
[ " Ce

of toxlo metabolltes-

' r

1) Germinating seeda~seeds of varieties Span and’ Zephyr
were germinated in a large Petri dish, 100 x 80 mm, linedc
with m01st filter paper on the top and bottom. The '
bottom fllten}papep was kept moist by the appllcation
of the various filtrates or distilled yatep while the
top one was moistened with distilled water. The seed-
lings were examined aftert7 days.

2) Detached leaves-~the 1owéﬂ"leavas of 35 to Hs;day old
plants. of Zephyr were detached at a point near the stem,
.These leaves were 1mmed1ately 1mmersed into test tubes
each contalnlng 20 ml of the filtrate or dlstllle?r

water. The leaves were held in place with a cotton plug

surrounding the petiole and inserted into the tube -

openin : .
P 8- é“.'. fb

Each treatment was replicated 3 tlmes and €he entlre ex-
periment was repeateq 3 times. The tubes with the leaves
wefe theh placed in a growth chamher fér 7 days at a tem-
perature of 20° C and 16 hours llght alternating with 8
hqurs darkness. The leaves were compared to leaves 7 days
after inoculation with A.. brassicae agg A. raphani.

U L | o ©

A

a



RESULTS

Sporulation on Artificial Media

Nutrient Agar Media L
| The highest yield ofm3popes of A. brassicae and offﬁ.
Paghanifwas obtained on" V-8 agar medium amended by 0.004%
Rose Bengal (V-8 RB) (Tab;e 1). Cultureg on this medium
- grew modératély well in diameter and'bﬁgducgd.é§6pes abun-
‘dantly onva moderate amount of m&celiuh; This type of, grow-
’th alsorpccunred on V-8, and to a lesser extent on ADA media.
In all ‘other media, except Sach's mycelial growth was heavy
, but spopulatiod was limited.' Growth on Sach's medium was
veiy sparse and consequently épore production was also sparse.
There was a chsidepabie amount of variability in spore
. counts hgt%ﬁgnideterminations on fhe same medium but the

avebages of these counts'could be accupately categorized in-

to the ranges indicqte% by the 0 to 5 scale.

Table 1. Effect of different nutrient agar media on yield of

. 8pares of Alternaria brassicae and A. raphani

Ve

‘ < Relative yield of 'spores, 0-5
Medium . A. brassicae - A. raphani
. - ‘ ‘
V-8 2 3
. V-BRB - ° 3 3
s © MYA 1 1
' Sach's o1 1
PSA , 2 1
PYE 0 -1
MA <1 s X
ADA 3 2
' - hd \;
R

29
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l
Jeeding Load of Spore Inoculum k

+

The effeat of seeding load on the yield of A. brassicae
and A, raphani was shown by the Qbrmal hypnnPolic curve on
a semi~logarithmic scale (Fig. 1). The highesf spore yield
ﬂwas'obtained wheﬁ'a single spore was used to seed the medium.
Even two spores per plate reduced the yield sharply,‘i.e:,
by 50% and 65% for A. brassicae and A, raphani, peépectiVely.
Furthép increases in seeding spore léad continued to reduce

LN

fhe yield until it stabilized at a spore seeding. load of

approximately 100 spores/ml for A. raphani, and approximately

200 spores/ml.

Rose Bengal Concentration

The maximum yield of spores of A. brassicae and A. raphani
wa% obtained in the medium with a 0.004% concentration of Rose
Bengal (Fig. 2). In higher concentrations of Rose Bengal, the
diameters of the colonieg were reduced and the colonies had a
darker coiovation with less aerial mycelium. In' concentrations

\
below 0.004% Rose Bengal, the colony?diameter increased,

aerial mycelium increased, and colony color was much lighter.

Temperature

\

The maximum yields of spores of A. brassicae and A.
raghahi were obtained at a temperature range of 20-23°C
(Table 2). There was a sharp reduction in spore yield at the

lower temperatures.

J vl | ‘ ) ‘ /
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Table 2. Effect of different temperatures on yield \f o

spores of A. brassicae and A. raphani grown on

V-8 RB agar medium’

Relative yield of spores, 0-5

Temperature (°C) A. brassicae o A. raphani
15 A S S |
17 ' 2 \ 3 ,
20 . s T
23 | s "
.f’
25 M 3
© \ Light
@ '
Diurnal light conditions enhanced spore yield to the lar-
J | .

gest extent, and a regime_of‘é hours light and 16 hours dark-

‘ nééé favored the highest prodﬁction of spores (Table 3). Con;
“tirnuous lighf,suppfé98ed spére production moﬁe‘thén'contin-
‘Wous darkness‘fof A. brassicae, while the'oppésitq was trué
for é?’raghani. NIn addi?ion,fin-continuous qarkpgss, ﬁ.'A
raghani‘pndduced a larger propdrt%on'of chlamydospores to con-
- idial épopes, while in the othér light reéimgs, the opposite

occurred.
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-~ \

"‘ Table 3. Effect of different iight regimes on yield of
. spores of A. brassicae and A, raghan grown on

V-8 'RB agar medium

Relatlve yleld of spores 0-5

'+ Light Regime - A. br5581cae A, raghani
Continuous darkness . ' “f 3 . . 3
Continuous light L 1 : 3

’ ’ fy ' ! - .
§ hr light, and '8 hr . 5 R
rkness : REPEEN : .
8 hr l1ght, and 16 hr Lo 5: o 5 Lo
.darkness ' B A ‘ ‘ _

Quantity of Agar Medium v 3
! ’ : h ! "‘ '

Spore production was 1ncreased by approxlmately l 1/3

tlmes in A.- brassicae and by 2 tlmes 4in A. raphani in’ a
!

shallow layer of 15 ml iof medla as eompared to a thlcker

}

layer of 25 ml' of medla (Table H) The shallow layers of

£
medla showed 1n1t1ql 81gns of drylng at 1u days, as 1nd1cated

l

" by. hardenlng and curling up atnthe edges of the V-8 RB medlum.‘

| WOundlng of the Culture o T

Spore product13% was not stlmulated by woundlng the-'

P

‘cultures (Table 5) The woundlng spread the cultures of A._

'raghanl and A. brassicae on a plate, but also, 1n both cases

. v!,
AELE

. .
[ :



)

stimulated growth of aerial non-sporulating mycelium.

Table‘k Effect of a quantlty éf medium on yield of spores

of A. brasslcae and A raphan grown on V- 8 RB

agar medlum

N\

Mean yield of spores/ml

Fungus . 15 ml of ﬁgdium ,25 ml of medium
A. brassicae ‘ ‘381,000 . 277,200
" A. raphani | 408,980 . 200,200

4

~
il

~ .‘!

\R

Table § Effect of woundlng the culture on y1e1d of spores

» of A. brassicae and A. raphani o,
: S Vo Mean yleld of Spores, spores/ml
Days after S fﬁ . brassicae , o . raphani.
‘Wounding Control  Wounded Control WOunded
0 10 .93 4o 45
1 - . 11s - 100 oo 80 Sl
2 o o120 0 123 . - 78 - 60
-3 153 . . 150 SN - .90 -+ 100
. o : 192 180 120 120
5 - 210 - 190 1580 130 .
6 0. 230 |, 185 = = 180 - 135
7 250 . -180 - -210 140 o
8 253" 182 s 141 :

1
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‘Age of Culture , o ‘ o

_ . The hlghest yield of spores of A. brasslcae and A
aphanl was reached in 15- day-old and . 12-day-old culturei,“
-respeqtlvely (Flgure‘B) In both fungi, spore productlon.
was 1n1t1ated after approxlmately u deys, éndvrose:lipeer-
ly and rapldly tlll max1mum spore productien.eecurred;(
When maximum spore productlon was reacﬁed the fungesire-
‘mained in a statlonary phase Spore productlon very'close—
ly resembles the c1a831cal lag-log-stationary normal growth

|
curve.

The Effect of A. rephani and A. brassicae

on Yield and Quality of Rapeseed

>

Black spot of rapeseed caused Span and Zephyr to
" mature 3 to 15 days earller than he%lthy plants. The more

severe the d;sease the' earlier the maturlty.

Analyses of Variances

' Effect of BlaEk‘Spot oh‘Yieldldf Rapeseed

‘-a)L Bulk-harveéted-materiel '
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Table 6. Effect Of A raphanl, A 'braésicae; and a-combina-

tlon of these Alternaria spp on yleld of rapeseed

" of. bulk—harvested mater;al o

(4]
'

v
A

‘Mean yleld of rapeseed, 'g°
In;gglated with -

© Variety' - Control éu rap i A.. . brassicae _'Both'spp.

Span | 192.6a*  142.3ab . 108.5b  ~ 112.3D

Zephyr . - #giS3.8a -~ .. 107.6b - . 108.8b 116.5b
|

* i

means within each variety follcwed by the same letter are -
not 81gn1f1cantly dlfferent (LSD at the 5% 1evel)

' Black spot disease caused by A. raphanl, A. bra881cae and .
fa comblnatlon of both species reduced the yleld of Span and k
.‘Zephyr 81gn1f1cant1y, except for Spah 1nocu1ated with A.

'raphanl.,' , g “ ‘ - [ 1,',.

A.‘brass1cae reduced the yield of Span by uu% and ‘that
of Zephyr by 29% dﬂ&le A. raphanl reduced the yleld of E
| Zephyr by 30%. A comblnatlon of both specles reduced the
y'ylelds by uz% and 2u% for Span and Zephyr, respectlvely. ¥

N T . . R
. \ P . ‘ . A "
' . . N « .
' : 4 "
. - . . -
: - Syt - S : .
vl : ; S .
. . . - .
; f : .
. . . . . N
R Y

-
. [
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'b) Disease-rahked‘matepial

Table 7. Effect of A. raghanl, A. brassicae, and a comblna-f“
tlon of these sPec1es .on the y1e1d of rapeseed of

f‘ dleease—ranked material

. |
("~
L e

~ Mean yleld of rapeseed, g
. ' ‘ : . Inoculated with: :
“Variety . Disease-ranked A. raghani‘ ﬂ. brassicae Both spp.

Span! Control ~  22.ua* - 32.5a . 26.la

., . Slight ' 22.8a .29.3ab 19.7b %

' - Moderate © -0 23.8a . 23,7b 22.%ab

Severe ' .13.1b N 12.0c . 7.9,

y ’ i ) . . ‘ . ‘ .‘ . ':J_‘\..

'Zephyr \ Control""\” .30.9a n;26.0a,, - 29.bkar
- . . slight '~ . 26.4a - 25.7a . 30.0a
Moderate @ - 25.5a = 22.4a = . 23.3b
Severe - . '~ 20.5b - 15.0b 17.0c

* - . . » ) o N
means W1th1n each varlety and fungal 1noculatlon group follow-

- ed by ‘the | same 1etter are not 51gn1f1cantly dlfferent (LSD ﬂ

{ 'é
i . N Lt )

)

at the 5% level) 1
: . o o gi

"In‘all 1nstances, there were 51gn1f1cant reductlons 1n
!

"yleld of rapeseed plants that were severely dlseased (Table

-7) ‘~81gn1f1cant reductloAB ‘in yleld(dld not occur con31stent-
“fly in any other,category of dlsease-ranked materlal of elther
'varaety.. In the severely dlseased materlal,A. raghanl causedvlmff
"»a Jleld reduet;oh of 42% 1n Span and su% 1n Zephyr, A. bra381-dfgf§

. ,"“:_;. - .
- o -~ R
N S .



cae caused a 4 e%d reductlon of 63% 1n‘Span and 42% 1n .

‘A‘ \

Zephyr, a qpmbin:tlon of both Alternarla spp.‘caused yleld

- reductlons of 70% and 41% 1n Span and Zephyr,respectlvely.

\‘

i

‘Effect.of Black‘Spot,on'Oil Content of Rapeseedd R
e ‘ " SR R N , L IR
" a). Bulk;harvested Material o

' Table 8. Effect of A. raphanl, A, bra331cae, and a comblna-

tlon of tnese Alternarla spp. on 011 content of °
,' rapeseed of bulkgrarvested materlal [:”\j\
LN \\ ?l; A
CRE ‘ Mean\011 content of rapeseed % _
: e ‘ . Inoculated with, ¢
\»,Variety; Control A. raphanl \ A..bra531cae" ‘Both spp e
v . .\ ‘er‘ N T o
'Span . . 37.2a ' . 36.la-.  \ 36,4a\ - 36.7a
RS : SR S N L T
. Zephyr - 35:8a%*  37.5a la 36.2b
. L g “ SN

SN ‘ N Lo B
T
: means w1th1n each varlety followed by tné\same\;etter are

g not°31gn1f1cantly dlfferent (LSD at the 5% level)

> . ,{{()“..‘
The 011 content of Zeph&r was 1ncreased 81gn1f1cant1y

’1by A. raphan1 and by,A. bra331cae whlle the 01l\content pf
ifSpan was not slgnlflcantly affected by the dlsgase (Table 8).'

Gf,}A. raphan; increased the oil content of Zephyr by ', 7%, Whlle

ﬁfffA. braeslcae increased 1t by 3 6%.- -,'76.‘fﬁog?(dfr}?i‘x'Vdﬁg

. ooV R IV
o B LI . PR, DR L
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u'hh)b»Diseaée+ranked Material”lf*ﬁf ; -:«w' ] .~@
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‘Table 9 Effeot of A raghanl, A. bra581cae, and a comblna-“f

tlon of these spec1es on the 011 content of rape-

seed of dlsease-ranked maternal ‘ 'Q~ S

LN ' '
' . + '
\

< y,v"

; . . . . s B . Sl : L
o L . [
i

'*5";. o o ' Mean 0il content of. rapeseed %
' Inpculated w1th

Variety Diseaee;ranh "'é.f%aghan' é.,bra331cae 4 Both SPp. "

o

N K o ‘ : . s » v .
Span . - Control ° . 36.6a* 26.9a - 37J1la ;. ..

' 'S§light. . . 35.3b  +. 35.7b - - :26.% |
‘Moderate' -~ 35.1b . 35.2b "+ . .35.8a.
Severe’ - = .35.3b ~ 35.1b . 33.6b

Zephyr' '  'Control '36.9a - . ' 3u.8a . .. 3u.7a’
- .. Slight - = 36.7a * ' 33.3a . 34.4a -
R ‘~Moderate *‘*37}36.1a "o 0 33.4a Y '34.9a

n ”.Severe "' 36.,2a. . '34,0a 'ﬂ’ 3. 3a

‘
. o .
o v oy

SR ' ' s
means w1th1n each varlety and fungal 1nocu1at10n group

N T

: red 1n most of the plapts affected wtth black spot dﬁ&ease,:

followed by the same lgttenﬁare not 81gnﬁficantly dszerent A{
SR e R

(LSD at the s% level) ﬁ‘jg 'g Hff‘;f\;h COe

e
LS

L L) v ¢ b}
Slgnlflcant reductlons 1n tﬁe 011 conteQ; oggggan oeour-“‘

; °

' 7'wh11e no 81gn1f1cant change 1ﬂ%011 content occurred 1n Zephyr

t}*ln any§of the dlseasewﬁanked materlal (Table 9) In the severe-

,t;fly dlseased ﬁlants of Span the reductions 1n 011 content s
| oaused by the Alternar:a“spp. were as followsrg A, raghan 4
‘ mv »")‘ ,“ .i ,,'“-“' g V.t, N l,'z ‘ AR "'" .f‘}.., I
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3.6%, A, brassicae - 4.9%,”and a combination of these species
S X 9.5‘;. ' ® ' \ n b

. ' v

Effect of Black Spot on Protein: Content of Rapeéeed

a) Bulk-harvested Material | ' ‘ . o
\ .\ " o -
Table 10. Effect of A. rapbani, A. brassicae, and a combina-
A tion of these species on the protein content of

rapeseed of bulk-harvested material

Mean protein content of the seed, %

y - Inoculated with
Variety = Control A. raphani A. brassicae  Both spp.,
Span 5. 9a% 25.2b - 24, 4e 24. 40
Zephyr . 26.5a 25 5b : 25.4b - 26.0ab

.

L3S
means within eaeh‘xnrigz;\¥églowad by the ‘same lettep are

not eignificantly different (LSD at“the S% level)

? >

Black spot disease caused by A. raghanl, A. brasslcae, '
and -a combination of A brasslcae and A. raghanl, reduced
‘ the protein content of the eeed of Span and Zephyr signifl-
,canﬁly, except for Zephyr infected with the combination of’

~ both spp. (Table 10).
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aghani reduced the protein content of Span and

Zephyplby.2.8% and 3.8%, respectively. A brassicae re-

duced it by 5.8% and'4.2$, respectively; a combination of

_these species reduced the protein content of Span:by 5.8%.

b) Disease-ranked Material _ L y

A

“Table 11. Effect of A. raphani, A. brassicae, and a‘combiha~

4 . tion of these species on the protein content of |

\

“rapeseed of disease-ranked material

.

A Mean protein content of the seed 2
Inoculated with

Variety Disease-rank A. raphani A. brassicae Both spp.

Span - Control - 25.1at ~ 25.5a 24.2a
Slight . 24.6a | 24.9b . 24.4a
Moderate 23.9a 24 .8b . 24.3a
* Severe = 24.la 23.6¢ 23.3b
- Zephyr Cdntrol T, 24.2a . 24.7a - 25.3a
Slight . '+ 23.9a . 24.5a 24 .4b
Moderate 24 7ba .. 24.7a 24.5Db
Severe - " 24.3a N o25.1a 25.5a
. {,I .
- [
. ,

means within each variety énd fungal inoculation group,

followed by the ‘same letter are not significantly diffen-

ent (LSD at the S% level)

5

The protein content of the seed of Span was significant-

ly-reduced in plants ranked severe and inoculated with A.

brassicae ;nd a combin¥tion of both species, while for Zephyr
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only the plants ranked slight and moderate inoculated with

a combination of both speéies<had their protein contenF
peduced<éignifieanfly (Table ll): In the sevepely diseased
ﬁlants of Span tﬁé peduotioné»in érotein coﬁteht cauSed by |
A. brassicdeﬁﬁ?d a combination of both speaies wepe 5.?%

and 3.8%, respectively.

Effect of Black Spot on Protein Content

of the Meal

a) Bulk-harvested Material ®

Table 12. Effect of A. raphani, A. brassicae, and a combina-:

tion of these species on the protein content of

rapeseed meal of bulk-harvested material

' Mean protein content of the meal, %
) Inoculated with .

Variety Control A. réghanﬂ\ A. brassicae Both spp.

ar’

Span . 41, 2a* 39.5b 38.u4b : 38.5b

Zephyr  41.3a . 40.8a . y0.a  40.7a

* : ‘
means within each variety followed by the same letter are

nét significantly different (LSD at the 5% level)

* ’

Significant reductions in the protein contenht of the meal

3 v .
of Span occyrred in all the material having the black spot



'

disease while the protein content of meal of Zephyr was
not affected by the disease (Table 125. A. raphani re-
duced the protein content of the meal' of Span by 4.2%;

and a combination of these species reduced it by 6.6%.
b) Disease-ranked Material

Table 13. Effect of A. raphani, A. Brassicae, and a combina-
-~ - _

tion of these species on protein content of rape-

seed meal of disease-ranked'mateﬂial,

A}

Mean protein content of the meal, %
: Inoculated with;

Variety. Disease~rank -A. raphani ' 'A. brassicae Both spp.

T

/ I

Span Control _ 38.8at% 40.5a 38.0a
Slight "+ 37.9%a 38.8b 38.6a

Moderate - 26.8b 38.2b 37.8a

Severe ‘ . 37.3b 36.4c 35.2b

Zephyr Control 38.3a ° 38.04 . = 38.7a
: Slight 37.8a 36.7a © 37.7a
Moderate 38.5a 37.1a 37.3b

Severe 38.2a 38.0a 38,.8a

* means within each variety and fungal irnoculation followed
by the same letter are not significantly different (LSD

at thg‘s%.level)
: Theiprotein conﬁéht of the meal of Span plénts severe-
ly diseased Ygg rﬁﬂQ?gd,gignificgntly by ﬁf’raphani,:ép

. PR . : . cy . e
brassicae, and«d combination of these species, while for

L3 et
. "

.
i

»



Zephyf, the only significant peductién in protein content
was in plants infected with both species ranked mOdQEife
f&r disease (Table 13). In the severely diseased plants '
.of Span the neducfions in protein content of the meal by

A. raphani, A. brassicae, and a combination of both séecieg»

were 3.9%, lO.Z%,‘and 7.4%, respectively.

'Effect of Black 'Spot on One Thousand
nd

Kernel (Kwt) Weight of Rapeseed
N

i f

5) Bulk-harvesfed Material

Table 14. Effect of A. raphani, A. brassicae, and a com-
bination of the specieé on 1000 Kwt of rape-

_seed of bulk-harvested material

46

: Mean 1000 Kwt of rapeseed, g
ol Inoculated with

Variety Control A. raghéni - A. brassicae Bothbspp.

Span 3.20a*  2.70b -, 2.41c | 2.46bc
Zephyr 3.14b 3.43a 3.19b ~ 2.09b
. i

means within each variety followed by the same letter are

not significantly different (LSD at the 5% level)

fBléck'spot disease caused by.é. raphani,té; brassicae;

&
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-0

a combination of both spécies peduced'the 1000 Kwt
of Span significantly, whllelﬁlack spot dlsease caused
by A. raghanl increased the 1000 Kwt of Zephyp signifi- ,;
céntly (Table 14); ~This resulted in reductions of 1000‘
Kwt of‘SpAnvof 15.7%, 24.7%, and 23.2%, 1nfected with
aghanl, A. brassicae, and a comblnatlon of both
species, respectively. 1In Zephyr infected with A.

raphani there was an increase in 1000 Kwt of 9.2%.
' '

b) . Disease~ranked material

Table 1§. Effect of A. raphani, A. brassicae, and a com- ’
. —— e — B ]
bination of these species on 1000 kwt‘of rape-

seed of disease-ranked material

B , Mean 1000 Kwt of rapeseed, g
S | Inoculated with

Variety = Disease-rank A. raphani A. brassicae’ Both spp.

i

f

Span Control 2.66a® 2.58a 2.90a
' - Slight 2.51a 2.49a 2.71a
Moderate - 2.51a 1.99b 2.55a
Severe 2.32a 1.8u4b "1.90b
Zephyr Control ' 3.32a 3.37a 3.56a
, V- Slight’ ; 3.49a 3.48a 3.32a
. Moderate ' ' 3.36a 3.46a 3.43a
© . Severe 2.93b R 2.75b ,‘3.00b

®

means wlthin each variety and fungal inoculation group

followed by the same letter are not slgnlflcantly dlfferent
: . .



Bt

(LSD at the 5% level) r
In all ‘instances, except‘Span 1noculated w1th A

%:%‘ raphani, the 1000 Kwt of seed was reduced slgnlflcantly 1n
;?: 'the ‘severely diseased plants (Table 15). |

the 1000 Kwt of Zephyr by ll 8% A brasslcae reduced it in
Span and Zephyr by 24. 9% and 18.4%, pespectlvely, a com-

blnatlon -of these specles reduced it by 3u 5% and 15. 9%,

\ respectlvely.

Effect of Black Spot 'on Seed Volume of

Rapéseed

Bulk-hajvested Material

A. raghanl reduced

a)

Table 16. Effect of A. raphani, A. brassicae, and a com-
bination of both species on seed volume of rape-
seed of bulk-harvested material - ‘ ’

Mean volume of rapeseed; €c .
. ' Inoculated w1th e
‘ A : o -
Variety. Control A. raphanl At bra551cae ‘Both spp..'. "
' ' & . ,-_'.!‘;,‘ ' . "\ S
.,.\‘ - - T F a ~ v -
¢’ ~_;'? » ) D v T | ' l,l . " ’t
' ‘Span ~2.85af . 2,30b - 2,07¢ 2,15bc
. : AU M o " Pyoo o, -‘ . y o
<, . ¢ . . . ) T v . PECIEN M ‘o Wt N ,
' : ; . R ;;},~”*WW3 :
Zephyr - - 2.35a 3.20a- .7 -2.97a' <. . 2.90&
: . o . ¢
0 . . r?p- S
' i k . R LR # f“é.‘ ':" ’
W o ~ ye £ . Y
B -t *n b P ] 4
. B fes . -,
' o, . t

A Tt
. -
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*means within each Qeriety followed by the same letter are

not significantly different (LSD at the 5% 1e§el[

The‘seed volume of ‘Span was reQuced signifieéntly by
A. raphani , A. brassicae, and a combinetion of\both species
.+ (Table 16). The 1000 seed volume of Zephyr was not affected
 by ghe disease. The deorease 1n seed volume of Span was

P
19.3% in plants 1nfected by A ra hanl, 27.0% in plants

_ infected by A. brass1cae, and 24.6% in plants 1nfected by a

combinat;on of both species.

b) Disease-ranked material

Table 17. Effect of A. raEhani; bPa881Cae, and a com-
‘bination of both spec1es seed volume -of rape-

" seed of dlsease ranked materlal

2 - L

Mean volume of rapeseed, cc
Inoculated with .

+ ‘Variety 'Disease Rank A. raphani 'A. brassicae ,Both Spp-

A,

Span.*. . Control_r‘ T 2.37at 2.25a 2.57a
.Slight ‘ 2.15a ' 2.10a °  ~ 2.30a .
‘Moderate c2.17a 1.67b . 2.22ab - . .
\w;Sévere R 1.87b 1.55b - 1.70b -
"-:Zephyr ' Control 3.17a 3.12a* -~ 3.37a
i slight | 3.20a 3.22a . *3.05b ",
‘,* . . Moderate- ' ©2.,90b - 3.27a " 3.Q07b

[ ]

.. Severe ., - ., 2.67c 2.57b - -~ 2.70c

LN N
- .

.j*méhns w1th1n each varlety and fungal 1noculation group

. ;efollowed by the same 1etter are not 91gn1f1cant1y dlfferent

+




L Zéphyr_; '1.055 ©1.07a° 1.07a: 0, 1.07a

| | | ‘ .o | 50

~ (LSD at the 5% level) L

The: seed volume was smgnlflcantly reduced in the

seyere;y dlseased plants of Span and Zephyp 1noculated wlth
-A. raphani, A. bra581cae, .and ‘both . species (Table 17). =
Slgnlflcant reductlons 1n yleld did not oceur ggnsmstently
1n the other dlsease ratings. The reductlons in' seed

“volume of severely dlseaseg‘plants of Span and Zephyr inoc-
- ulated w1th A. raghanl wepe 17. 7% and 15.8%, respectlvely,
infected w1th A. brassicae were 39 3%.and. 17.7%, respec- :
tlvely, and a comblnatlon df.both specles were. 3%%9% and

19. 9% respectlvely

P

. Effect of Black Sgot on Seed Den81§y of

" Rapeseeg)

i, 1
v

Pa)_ Bqlk harvested Materlal

"Table 18 Effect of A. raghanl, A. brasslcae, and a com~
blnatlon of both Specles on seed denslty of pape—
seed. of bulk ranked materlal . H o .

. . e
vty .o

S T T ;\1 Mean seed den31ty of rapeseed, g/cc
S PR TN , Lo Inoculated with

ol oL e

Vaﬁiety"édpfbol‘w A. raphani A. bra351cae Both spp

[

. span. ~1.12p* + -1.17a.  1.I8a . . - 1l.1lkab
S TR e s

‘s
Y

Y.f*means w1th1n each varlety lelowed by the same letter are

riot slgnlflcantly dlfferent (LSD at the 5% level)



The . seed density of Span was’ lncreased sxgnlflcantly‘

1n plants. 1noculated w1th A. raphanl and A.. bra551cae whnle

>

n all oRher instances there were no 81gn1f10ant ohangea

Py

(Table 18).

b) Dlsease ranked Matempl “

Table 19 Effect of A. praphani, A. bra581cae,

4

and a com-

blnatlon of both spe01es on seed den81ty of rape-

seed of disease-ranked material
4 ' ' ' ) .

Mean seed denslty of rapeseed g/cc
Inoculated with

. Variety Disease~rank“ :é:«raphanl A. brassicae Both spp.
Span Control ’ ' 1.19a® 1.15a° 1.14a .
. Slight 1.17a l1.18a - 1.18a
Moderate ‘ 1.15a 1.19a " 1.15a
SeVep% 5 1.24a - 1.19a , 1.16a
Zephyr Control 1.04a 1.09a 1.05a
Slight 1.09a 1.08a 1.09a
Moderate 1.16a 1.06a 1.12a
1.09a . 1.07a l.11la

+ Severe

*means w1th1n each varlety and fungal 1noculat10n group

N

followed by the:same letter are not slgnlflcantly dlfferent

(LSD at the 5% level)

:effect on the seed den81ty of rapeseed 1n the

~ ranked mater;al_(rable 19).

L

0o

] The black spot dlsease d1d not. have a 51gn1flcant

‘disease-

. .
. '
v, s
N
\ ‘ v
N -
‘
e
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Effect of Black Sgot on the Fatty Acids of the

PR
0il of Rapeseed | '”u-i

a) Bulk harvested Meterlal
f_Table 20, 'Effecf of A. raphani, A. brassicae; “and a[com- N
| 7}b1natlon of these spe01es on. the. palmltlQ, |

OlelO, llnolelc, and linolenic acid of the oxl

4

- of rapeseed of bulk harvested materlél ' S

Ly
'

.
.
o . S, . !
. ! "

KY . »t

Mean fatty acid content of the seed, %
Inoculated with

'

4

Varlety Fatty Acld Control A rephanl A; bra581cae Both spp

Span  Palmitic 2.8a*  3.2a. . 3.9a  3.8a:

K Oleic : 64.8a ; 65.5a 63.0a ~ 63.7a
.Linoleic’ °~ 23.9a ° 21.8a . 23.1a 23.5a
Linolenic’ 8.1la |, 8.6a 9.9a" | Y 7.7a

» ‘ ] , :‘ = L \ . i
Zephyr Palmitic 3.8a ‘- 2.8a .. 4.la_ . . 3.8a !

- Oleic 68.9a .Tw.2a. * 67.5a _69.5a
Linoleic = +22.9a., 17.7b ~ '23.0a . ~.21.3a’ '
.Linolenic,  h4.%a @ 5.la . 5.3a ... 5.3a ‘

Y

4
A,

3*means w1th1n each varlety ‘and each fatty ac1d followed b§ the

‘ Same 1ettef are not s1gn1f1cantly dlfferent (LSD at the 5% levell
, The lanlelC a01d of the 011 of Zephyr was’ Slgnlfl-‘

.'cantly reduced by A. raghanl (Table 20). The’, dlsease«had

;20 effect on the fatty ac1d content 1n all of the other 'fg”gf'

1nstances.~y[ R AT ”. R e

! . - o N
. ] RN
’ . .
. s . " )
DR ¥ ' [
' Y L . p
. i
- k . , : s .
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L

*1b) Dlsease—ranked Materlal

ua : ‘ |
'hyog.TADle 21 Effect of A brassicae on the palmltlc, olelc,
A
N 'H ,
ﬁﬁ;ﬁ' !~ . llnolelc, and 11nolen1c acid of the oil of rape—
. j:‘ ‘I‘ l; ’ . E . \ '
'f&j#_n ‘ seed of_dlseasefranked mater;al
(el . - ' .
‘ ,((‘/M'lr, { ’* !
thﬁu : ‘ ,
rlv . ' . '
ﬁiﬁﬁ?' : . f‘ . 4 Mean fatty ‘acid content of 'the seed, %
Qﬁyjﬁ’f : e In&culated wlth A.. bra551cae I
Send : Y O :
oA . L n
ol g yarlety Disease-rank . Palmitic Oleic Linoleic Llnoleﬂlc
TSNS " ' ‘ ' S
IR S .
W.Ji — ~—
'} ";I ". ’ . ' i e
‘thg Span Control I 3.74b* 60.6a.22.3ab’ . 11l.2a -
b ~ Slight ~ 3.57b 60.2a 21.8b . 11.7a .
A Moderate 3.99a ' 58.4a 23.2a 11.2a, "'
fiw~?. ~ . Severe ' 3.87ab 61.0a 23.0a 10.7a
Control ‘ 4.95a  .64.6a 20.9a "~ 9.51a
Slight = . . 5.14a"  65.9a 20.4a '9.30a
Moderate . : 4.80a 64.8a 21.1a 9.30a
evere ‘ " 5.20a . 63.9a 21.4a . 9:50a "
N B N N S L .
‘ | ) ‘ {i
| *means within each varlety and each fatty acid group ',  ;¢

1

followed by the same letter are not 31gn1flcantly dlffer—'-

T

ent (LSD at the 5% level) . Y R o P
- ‘I',y

Theapalmltlc and 11nole1c 801d content of the 011 of, )

Span was 51gn1f1cantly increased 1n “the moderately dls-’

L . . j

eased mater1al~(Table 21) B |
b Inall other 1nstances there waS\not 81gn1f1cant S
L , ' ry /

changes 1n the fatty acld content of the 011. R :

A - : P .
g ' . . '. . N . . s
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Effect of Black Spot on_the Glucosgnolates

Present in the Rapeseed Meal‘Vf !

-

v,
{

Mean 1sothlocyanate and OZT of the meal mg/g

Inoculated W1th

-

(LSD at the 3% level)

affected by blaek spot 1n thesbu

Q;b) Dlsease-ranked Mater1al

P

" \-,

ﬁ k'
¥

e P '

f.*means w1th1n each varlety and eaEH g1c051nolate group
: LI “;4 L :
followed by the same letter are not 31gm1f1cantly dlfferent

o

M . A ' ' i .‘ ‘ »
\a The 1soth10cyanates and OZT ‘were: not s;gnlflcantly

Variety Isothlocy- Control ‘A ) Both SPP-.
ST anates § raphanl Sbassgcae '
02T R
Span BI © . 2.00a* 1.87a  2.07a 1.95a.
JPT ' ’ 2.12a  2.15a 1.57a 2.12a
MéSB 0. 32a R 0.35a 0.10a - 0.27a |
PRE.  ° .0.77a’? 1.00a 0.42a 0.65a
02T ¢ . 0.68, ~0.60a ‘0.77a 1.00a
< Zephyr. BI - .- 0912 ..'1.03a . 0:8%a 0.7la
: . pr- . .0.l1la - 0.13a - 0.1l7a... ~0.09a, "
‘ MeSB . 0.05a 0.07a. ~ 0.06a ', 0.085a
PhE*. . . .+~ 0.07a  0.07a 0.14a 0.06a
0zT. .. . . 8.67a .. 8.99% 7.99a 1.22a %
. . - ) el i

Table 22)



f ‘,followed by the same are not slgnlflcantly dlfferent (LSD

,

*means W1th1n each Varlety and. gluc081nolate group %

i

at the 5% level)

.

4

\

N

The BI. and PI content of the meal*of Span was 51gn1—‘1:

flcantly reduced in the moderately and severel

)

materlal (Table 23)

31gn1f1cant effect of black spot on the 1sothlocyanates

and OZT of the meal.‘a“: o o "-;:‘k

y dlseased

In all other 1nstances there was no‘

‘ ) v"‘)‘_. e . N
Shl. ] ) L) . 55 ,‘.
Table 23 Effect of A. brass1cae on the BI, PI, Mess,”agg¢5f‘f
Co g,
PhE, and OZT content of rapeseed meal of . i;“
' , ‘\ : \T;, 1".‘ i‘
. dlsease ranked materlal f}ﬁ
: C e "
_ ‘ - : ‘ —
e Mean 1sothlocyanate and 0ZT of, the meal, mg/g‘
0oL . S Inoculated w1th A, bra881cae ‘ SRR
Variety Diséasé-ranf I, P MesB  PhE . 0ZT '
' o ' ' ' B S 1 b : L ; ’“".'.|“--. . ' !
© Span % * Tontrol . 2.u7a% 2.38a 0.25a 0.4ba-2.45a
o S1ight . 2.37a 2.6la 0.24a 0.52a 2.6%a
Moderate ~.1.54b 1.73b 0.23a 0.32a 2.9%3a
Sevepre ' - . 1.50b, 1.80b 0.28a  0.4%a 2.82a
' C . ' o o ‘ ! ' =
_— s R o [ - ' .
_ Zephyr  Control . 1/17a 0.29a°0.13a 0.08a 8.80a
P77 g1ight . 1.16a 0.22a 0.17a ' 0.084 7m%d§- '
~ Moderate ., ~ 1l.40a '0.28a 0.21a 0.08a 7.5%a
..+ Severe, y»", - 1.27a 0.3la 0.25a ~9.1lla 7.86a  °
. R ‘o : . R e .:&'. . .
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Corralations .,

a) Bulk-harvested material

. 8 oo

Table 24, Simple corraelation CGOfficieﬁts between yield,
oil and protein content of the sced, protein
contept of the meal, 1000 Kwt, 1000 seed

volume, and seed density;of bulk~harvested

Span

o]

o Seed - Seed
~ Yield 0il ! .Hrot Volume Density
-~
v )
. Vv
0il yeer ,18 -
Prot S .76f 19 - -
Prot M L73%% 49 - g5hn - . . .
1000 Kwt .86%* 22 .76nn L1750k - .
‘Seed ; .
Volume L8242 28 | 73%e LTuRR L9ghh -
Seed : :
Density -.10 ~.39 -.12 -.21 4;.33 ~.50 -

fgignificant at P=0.05, f**significant at P=0.01

2

Significant positive‘ccrrelations occurred between all

quallty wvd yield.components, except oil content of the

-

seed and seed density which dld not correlate sxgnlflcantly

wi‘tﬂ each other or any other componefit (Table 2u).
4 Ce



'

e

Table 25

57

Simple correlation coefficients between yield,
' o |
0il content of the seed, and the fatty acids st
. ' R .,
present in the oil of bulk-harvested Span
(Values for N=14) o o
AN
Yield 041 #almitic Oleic Linoleic Lin@llenic
01l .18 -
Palmitic ~.53% ~.05 -~
Oleic .21 .16 ~.23 - 1
Linoleic .08 ~.15 ~.06 SN :E LI
Linolenic -.25 ~.09 .18 -.39 -t02 -

I.

fsignificant at P=0.05; signifibant at P=0.01

Significant negative cqrrélations occurred between

i

yiéld and'pélmitic acid, andybétween oleic and linoleic

.acid (Table 25).

/

/

i



Table 26, Simple correlation coefificients between yield,.
protein content of the seed and meal, ‘and
glucosinolates in the meal of bulk-harvested

-,

- Span

(Values for N=14)

Yield Prot S Prot M BI ~PI MeSB  PhE  OZT

4 _.“\‘El‘ot S LTERR . o e

; rot M .73%% gs5he RM¥

1 .25 .11 .09 = - o ™~
PI 44 .32 .22 .59% - '
. MéSB .26 .27 .11 ~.23 .26 -
PhE .36 .35 .18 .01 .39 .85%% .
0ZT  ~-.18 =-.33 ~.36 -.20 ~.06 .14 .16 -

tsgignificant at P=0.05; "*significant at P=0.01

Significant positive-correlatiéns ovcurred between
yield, protein content of the seed, and protein content of .

the meal, as well as between PI and Bl and between MeSB and

PhE (Table 26).
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b) Disease-ranked Material
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. Table 27. Simple correlation coefficients between yield,

1

+ " 0il, and pro

content of the meal, 1000 Kwt, 1000 seed volume

tein content of

A

the seed, protein

and seed density of Span inoculated with A.

~

N\
brassicae.
- (Upper values: data from control, N=10)
(Lower values: data from severe, N=10)
/
e 1000  Seed Seed
Yield 0il Prot s Prot M Kwt Volume Density
o0i1 0.15° \
. 0.38 QO
Prot S ~0.28 0.08 ﬁ
‘0. 39 0.37
Prot M J16 ° 0.57 .8pt#
0.46 0.83nrn g3hk
,1000 Kwt -0.23 -0.47 0.54 0.20
0.55 0.05 0.32 0.22
Seed
Volume -0.02 -0.34 0.48 0.23 0.90n#
0.54% 0.10 0.34 0.26° 0.9ukn
Seed ' S
Density -0.35 ~0.33 0.27 0.05 6.51 0.18
0.35 0.14% 0.14 0.01 0.64® 0.35 -

tgignificant at P=0.05; #tgignificant at P=0.01

lSignificaht positive correlations occurred between

oil ‘content of the. seed and'proteingfohtent of the meal,

protein content of the seed and protein content of the meal,

+*
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1000 Kut and sefd lume, and between 1000 Kwt and seed
den51ty (Table 20)\‘ Twice as many slgnlfleant correlations

occurred in the severe group as in the control.

Table 28. Simpie correlation coef}ioienfs Between yieid,

Toi; content of the seed, and fatty aoids'ppesent
in the oil of Span ipoeulated with A. braesicaeA
(Upper values: data from contro}, N=10;

lower values: data from severe, N=10)
} . .

\

Yield OiléPalmitic Oleic Linoleic Linolenic

0il T ) -

, . .38 -

Palmitic -~.19 -.26 -
-~-.68%-.56 -

Olege . .17 .21 -.55 -
e 2% .41 ~. 14 - . .
Linoleic ~.71®.3y4 -.18 M40 - : .
~.60%-.49 .70% .18 -
Linolenic ~.37 -.11 J73fR_ goft 36 -

.27 -.28 -.06 ~,79%% .07 -

*significant at P=0.05 ®*significant at’P=0{61

[

-

Significant posifive correlations occurred be%ween
palmitic and linoleic acid and between.palmitie and linqur
«§nf0 acid, while Both.palmitic!and linoleie‘acid were |
significantly-negetively corﬁelated\ﬁifh‘yiéld (Table 28).
There was also~a negative correlexlon in’ both the control

and severe groups between oleic and linolenic acid'.
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Simple correlation coefficients between yield,

Table 29.
protein ' ontent of the seed and meal, and gluc-
osinolates in the, meal of Span inoculated with
A. brassicae
. (Upper values: data from control, N=10;
lower values: data from severe, N=10)
' \‘ * ' :
Yield Prot S Prot M BI PI MeSB PhE Q2T
Prot S ~.28 -
. .39 - ¢
Prot M -.16 .B6#A% ~ a
47 L B3R% -~
BI 42 ~.04 ~.15 -
T ~.06 .11 ~.06 - )
PT ' .32  ~.05 .12 48 -~
o -1y .08 ~.06 N-ELLE
MeSB --38 .Oq .-Ol all ‘115 -
: .67 .18 .38 .26 -.u46 -
PhE * ~.33 .40 Y Vi 02 ~.71%% .37 -
- =.31 15 .20 .27 ~-.60% .34 -
0ZT ~.09 -.33 -.29 .02 -.48 .25 .49 -
: ~.67%  -.22  -.28 .28 -.12 -.25 .40 -

#significant at P=0.05; ®fsignificant

at P=.01

Significant positive correlations occurred between

~

protein of the seed and ﬁ}otein of the meal, BI and PI,.aﬁdh

yield and MeSB whi;é significant negative correlation occﬁrréd

between yield and 02T and PI and PhE (Table 29). More than

.

twice as many significant &orrelations occurred in the severe
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Effect of Black: Sgot on Floret Abortlon

Co 1 . e
LY . s \
. ' :

\ N *
and Floret Numbeps ‘ ‘J';' LN et
‘ ‘ ' ut ‘9~. v - N ;\« \\ . ‘x‘ ‘Ix
- » L v a ! - '
Black spot lesions appeared on the leaves .and. stems

»
. v .

N . . ~ N " ) ’
R . N

2 days after 1nocu1at10n. ‘They developed"raﬁidly‘ﬁﬁfh

., maximum le81on&ng in about 7 days after 1noculat10n. ;§~
. . [N
raphani and A. bra531cae 1nfect10n 1ncreased the flowering v

period by over a week compared‘to the control.

- Table 30. Effect of A bra331cae and A .raphanl on the .

Eal

- numbers of flopets aborting in.the rapeseed

varieties, Span and Zephyr. S

- N . -

Number of Mean Floret Abortlon of Plants, 3
Inoculated w1th L o !

Varie Contro] A. raphani  A. brassica
riety | , n ro} p 1 A rasslc e
span 21.8p* - u8.9a . . . 54.9a .

) " . o o » -m . ~ .
Zephyr “° 20.6b .. ' 37.8a . . 39.6a
/ . A - . : :' . ‘ -

0

*means w1thin each variety followed by the same letter are

-

notzelgnlflcantly dlfferent (LSD- at the 5% 1evel)

A 51gn1flcant 1ncrease 1n,per cent aborted florets

Q

occurred on Span and Zephyr as a result of black spot caused

by A. bra351cae and A. raghanl. (Table 30) .

i - ‘ . -
Ton . . . s N Lo *
B v . L3 LI * .
. , . . ] . )
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~of flcrctsfcn Zephyr‘f

2

.
) - '
) a\

.Table 31. Effect, of 1nfect10n by A. bra531cae and A dghéni -

on f;pret numbers in papeseed vanletxes, Span and

. N
[
.

: Zephyr
i
C - Mean Total Numbep of Floreta of Plants
- . Inoculated with -~ . ..
VabietyA jControl ' ‘ A raghanl o ‘é.rbpassicaem'

- i

c ‘ [

Span . © 116.8b* ., 259.4%a .- ' 202.83a
Zephyr 98.2a 127.1a - ‘. 107.9a

‘.'

*means withiﬁ'each:vaviéty'follcwed by the same ‘letter 'are-

 not significantly different (LSD at the 5% level)

A : ‘ o N :
A significant'increase in totaLfnumber of florets
/

occurred .on Span infected w1th A. bra551cae or. A. raphani -

Y

(Table 3. Black 'spot had no effect on the total number

@)
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a o , Toxic Metabolites

"

Germinating Seeds . o - R

Seedlings germinated on distilled w‘ate'r, V-8 liquid ...

medxum, on the filtrate of Al humlcola were erect, approx1~

‘mately 40- SO mm tall, and the eotyledons were unlformly green.

a0

Seedl;ngs germlnated on fxltrates of A. bra881cae or,

raphanl Were noticeably" stunted (20 uo mm), and 1n many

_1nstances@ﬁlst1nct chlorotlc spots occurred on cotyledons

!

~There was @,ttle observable dlfference in the appearance

of. cotyledbns from autoclaved and non- ~autoclaved flltrates._
The most 31gn1flcant effect of these filtrates was on the

roots. They were poorly developed w1th few root halrs, and

were brown 1n color'as compared to the cfeamy whlte colora— o

tion of the roots‘}n other treatments. L .
Detached Leaves . ‘ . i‘ ‘ i L :«j
. . !" .

ot In dlstllled water and. 1n V 8 llquld medlum (autoclaved

L. Y

'and—non—autoclaved) the leaves remained turgld and unlformly

.

green durlng the duratlon of “the experlment.‘l

t

On leaves artlflcally 1nocu1ated w1th A bra331cae

“

spores, after 7 days typlcal Alternarla leaf. 1e51ons had

'developed (Plate 1. A) The’ leslons had the brown necrotlc

i

center surrounded by one or more chlorotlc halos. The necro-j

tic center was totally dollapsed w1th each surroundlng zone

b being less collapsed unt11 the relatlvely healthy, turgld

tlssue was reached (Maln, 1971) In the necrotlc centers

oy
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\

‘and some chlorotic zones; .darker brown necrotié veins were

\

" seen. ‘ S - .
[ ! A ) i

“ ‘ . .
. ) . R . N

,f In the‘édtooiaved filtrate of A. humicola the 1eaves‘-
retalned their turgldlty and, although the coloration was<ﬁ

;unlform, it was a sllghtly llghter shade of green (Plate’ l

f
. Ve . . Py '
. . v -
B)c . " ' ' * : '
. . . e
4 N .

- -

In the non—autoclaved flltrate of A humicola there“

was a more dlstlnct CthPOBlS 1n less than half of the leaves

beglnnlng on the sixth day (Plate 2. E). At this tlme, dls-x,ﬁ

crete light green totally collapsed areas appeared in the .
. 'more chlorotic leavés. These central areas' were sqrrouhded":

Y T

by a less cOllapséd chlorotic halo.h The leaf tissue surround-

!

f
3 [

1ng the halé‘was still turgld

The other' leaves in therxnp-a&toclaved flltrate of A

humicola rema1ned tqrgld and greeng

In the autoclaved flltpates of A. raEhani.the leaves _:
¢developed dry, collapsed 1lght green. areas surrounded by a
fchlorotlc zone w1thin five days (Plate l C) - Veins in
the phlorot1c zone were brown in color.}'Atu7'dajs,»thg cells-
in the 1fghf‘green‘areas had turned‘brown,'ana‘deQeIOPed'a
hserles of llght yellow halos. |

' ,.7‘ In ‘the non—autoclavedw‘lltnates of A.Vrthanl, the same
,symptoms appearec? as J.n the autoclaved flltrates except that
they occurred 1n about half the ggrlqgng\fﬂpe,qpnd were ex-

pressed more 1nipnsely ‘at the end of 7. days (Plate 2 F)

R .
. Lo
. ‘. . . B .
i . N
. , - .
: M + ! '\

4l
[
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oy,

"crete llght gpeen, dny areas surrounded by a Chlor0t1c

In autoclaved flltpates of A bra881cae, the dis~

\ ' . l A
.

[

‘zone,appeaved 1n about 36 hours (Plate l, D) By 5 days,

f
N \
B

i \

'these llght green areas had collapsed completely, turned

fbrown 1n colon, and developed a definite series of chloro—

e

‘tlc halos. The whole leaf wasvohlorotle and the velns

- were dark brown in color ln these areas. T ' ;

LIn non—autoclaved flltpates of A. brassmcae, the-

above symptoms appeaéed in' about half. the perlod of tlme,fn
(Plate 2 G). In addltaon, approx1mately half the leaves:.

'had w1lted completely 1n three days.. They-weremstrongly

chlorot1c and were curled at the edges. Brownlng.of the\'

veins was obv1ous in the chlorotlc areas.

. oo _ . g o )t -
. - ot PR e, L

MY
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L ) : .
Plate .l L W e
. R i . : * )

Zephyn leévés after 7 days of.the”following'freatments:
. A B R } 'y . ¢

" ) ' o

A) Inoculated with A. brassicae spores; note that the

small‘lesionskﬁave necrotic brown veins running thrdugh .
\ L . :

thems ) o . ’ “‘  1

‘B? An autoclaved filtered soldt&on of ._humicola;'

1=

-

, \ . !
D) An autoclaved filtered solution of A. brassicae.

@) An autoélaved filtered solution of'é. raEhaniéand‘

o : . }
t 1( . K B
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DISCUSSTON

\“' N

. b,
The main objective of this inveatigation was to deter-

mine the affect of Black spot disease caused by A. raphani

and A. brassicaa on the yield ‘and certain quality factors

off rapeseed. In order to do so, & large, raliable supply
of spores for inoculation had to be realized. Thus, the

first part of the study consisted of growing the fungi in

i

* aptificial culture under various conditions to produce a
v

consistent, abundant supply of spores. ' N

\

The‘factors tested to increase sporulation were ni:
trient agér media, seeding load, Rdse Bengal concenfqation,
temperature, light, quantity of agar, wounding of the cul-~
ture, and age of culture,

‘ The differentlnutrient agan media had marked effects
on épopuldtion. Other researchers have also found this
variation in spo?qlatioh due to media (Atkinson, 195Y;
McDonald, 1959; Taber, 1963; Changsri an(? Weber, 1963;
and Ionnoidis-ahd Main, 1973). V-8 juice agar with Rose

Bengal plus streptomy01n stimulated sporulation of A. N

ae. to the greatest extent. McDonald.

raphani and A.
"'es‘
(1959) _and Ionn01dis and‘ﬂA1n (1973) showed V-8 juice agar

‘ “q iyl

stimulated sporulatlon inght§ 1‘Rose Bengal, itself, has

. often been used in fungal isolatlon work, because of 1ts -

~

ability to reduce bacterial and actinomycete development

as well as reducing mycelial growth of fungi to aome extent

. (Shith and Dawson, 1944) With the Alternaria_species, A.

»

13 . * .
-

-

]
l
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. . “~

brassicae and A. raphani, the effect of Rose ﬁenéal in
differaent concentrationa was very marked., The higher the
Rose‘Bengal’concentbation, the slower was the colony
growth‘of both species. The sporeé ppoduccdhfrom these
cultures dlfferlng in Rose Bengal concentration followed .

Y
a skawed mono- modol aurve wlth its peak at 0.004% Rose

.Bengal. Therefore, at thls concentration Rose Bengal

inhibited mycelial growth while stimul&ting sporulation
to the greatest extent.

.

The depth qf medium in a Petri plate affected spore
production, with a mxmlmal amount (15 ml) produ01ng the
most spores. The V-8 RB medium had dried up considerably
in 12 to 18'days and was starting to curl up at the mar-

gins:' This 1ncrease in sporulatlon may be accounted for

~in that the medium was nearly completely exhausted causing

a, stress.on the fungi increasing‘spore production. The

-

A

other stress factop 1nherent with a mlnlmaI amount of.-

medlum was the ‘greater concentratlon of fungal metabolxte

by products.

‘ When,wounding of the colony to, stxmulate sporulatlon
[4

was tried, no. increase in spore production ocgurred. This

' may have haﬁbened because the stress condition of the small
-,s +

amount of ‘medium, 1ts dehydratlon, and the inhibitory pro=-

‘pertles of Rose ‘Bengal had already.etimulated maximum spoyé

Productlon. In additlon, in scarrlng the colony, new cdl-

3

e started from mycelial and spore debris. Thu&. a

4 - [
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it

more individual colonies were present, which according

‘o
N

to the experiment on seeding load would reduce spore yield.:
Othen peseapoheps who have utlllzed wounding to sE}mulate
sporulatlon of Alternaria specieq have used different
technlques (Ludwig et al., 1962; and Billotte, 1963),

" 'In thein techniques the culturés-wepe washed thoroughly
after wounding to remove spore and mycelial aebris, and
then left exposed to the air for drying.

\ The effect of‘seeding load oh spore production by

A. bra;sicde has been éommented on before bf McDonald (1959).
He found that on ADA, an antagonism existed betweenlﬁ.
brassica; spores. This antagonism resulted in smaller
colony'size and low spore production as occurred in this
study on V-8 RB. The greafer the seeding load,”theblower
was fhe Subsgqpen§ spore production,vfoilowing a sigmoidal
'qﬁpvea Single.spore cultures ﬁfoduced the greatest amount
of spofes on V-8 RB for both A. braésicae énd-A raghanl.

The reason for thlS may be because, as McDonald (1959)
suggests, an.antagonlstlc relatlonshlp may exist b;tween

. \ ! ’ ‘ : !
spores. Or, as 'Ludwig et al. g1962) states, that .cultures

of Alternaria solani tend to build-up an antisporulating

agént. Single spore cultures, over the short 2 week grow

ing period would not be capable of as’'rapid a bu11d up of.

-

this antisporulatlng agent as would hlgher spore loads. .

0pt1mum temperature anqillght condltlons foruspQre

. .
- ! . -
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|
produetlon obtained in th}a study did not differ much

5
from what othep workers ha&e found (Neeggaard 1945
Lukens, 1962; Changsri and Weber, 1963; Tabep, 1963),
The Opfimal temperature for sporulation of the‘wopking,
isolates of A. raphani and A. brassicae was 23OC.("The.
opfimal 1ight regime was a diurnal light of 100-150 foot
candles of incandescent light with'8 hou;S_light and 16
hours of darkness. This amount and qﬁalify of light appear-
ed optimal for two reasons. The first wag, as indfeateg

by Lukéns (1962); a diurnal light was requiped for spore

produdtion-of’Alternapia s5pp. The éeCond, as shown by

Taber (1963), was that light strong in the red wavelengths

i ‘s

stlmulated conldlal production by A raphani.
The effect of age ‘of culture for optimal sporulation .

was similér to previous reports (McDonald, a959; and Taber,

-

1963). ,
N ‘ - . “
‘The yleld and certain quallty factors of rapeseed

A - |

gxaere affected by the black spot disease. In general, it
appears that Av brassicaé was more pathogenic on rapeseed

than A. raghanl in 1972 The comblnatlon of both spec1es,

L}

although 1n gsome cases- caus1ng greater aamage than the 81ngle

*

pe01es, was usually not as pathogenlc as the most patho—

+ genic of the single species.. Vanterpool (1963) found A.

A

~ brassicae was'fa?oured in wets years and é..raghanl in dry

years. This probably was the major reasoh»;. brass1ca§ was
» 7 "! ‘, v I . 'F * N v

- ' 1

. R : ' . ° . : v, .

= ot 2 - ' .
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more pathogenic 'than A. raphani 1n 1972 This. could also
‘account for the Peduced virulence of the 1noculum of the com-

b;natlon of both species, since A. brassicae was half as
— | :

concentrated in this inoculum.

Span (B. campestris) suffered greater damage_due to

'

ble&Ck spot thah Zephyr (B. napus). Both Husain and Thakur
(1963) and Bhander and Malnl (1965) found that in. Studles

of resistance of olelferous Brass1ca species to Alternaria

E

bllght, B. nagus was re51stant in some cases, but B. cam-
pestris was always susceptible to hlghly suscep%lbg} The

studies of Husaln and Thakur (1963) and Bhander and Maini
. (S . L '

-

(1965) were carried out on only leaf evaluations of resis--

tance. In the flowerlng stage of growth usxng le51on
! r

development as the crlterla, Span and Zephyr appeaped equally

-

as susceptible to black spotd.buﬁ in the earller stages -
Zephyr was more resiStant}A Thus, this study at early stages
agrees with their work; but'4€rom flowering on, B. naEus.did

' [
not displav any outstanding-resistance on leaves, ‘stems, or

\
L]

pods as suggested by those authors.

»

In most caSes, the black Spot dlsease reduced yleld

LY

b ol

LI}

1000 Kwt and seed volume 81gnif1cantly, but | d1d not’ have
/

a conslstent effect on seed den31ty It was found thatf

reductlons ﬂn 10aJKwt and seed volume accounted for only A%
L3

approx1mately half of. the total reductlons in yield. Thus;
some other components of y;eld of rapeseed were affected by
X ,\ o

y @ 0 . . . ¢ e L.
. " M o .
. f
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The black spot dlsease 'Otheh domponents-of‘yiéld thﬂt o~

could of been affeated were ﬂumbep of pods’ pen plant
i
number of seeds per pod and Pod length It was fOUnd tﬁat

&
Paghani and A brasslcae had dpastlcqlly 1nCPeaSed hQ.
number of florets aborting oft the rapeseed Vapietles
Oy,

Zephyp and Span, in ,comparis©h to non-lnoculated eont{

a of
A. raghanl and A. ngsslcae 150, increased, the peplod

o floweplng and the total numb€él of florets produced By 5DQQ

.
s}

and Zephyr ln the greenhouse * The effeot of lncre&slﬂg

total number of florets and the period Of flOWePing 00 lq be

" similar to the effect of A a.lter'nata .oNn tobaoco Pepof q by

Stavely and Slana (1973) They found A alternata lnéf QSed'x

the leaf productlon oﬁ\tobacCQ . Sackston (1950) founé Qst;
¥ s

A}

caused the mostldamage durlng the flowerlng stage 1n f} X,
. The'’ result1ng yleld peductloﬂ was not attlbutable totg} N
to peductlons ‘in ‘seed 81ze Weber et al, (1966) Wopk}pg
with soybeans, found that brown stem rot decreased ylg}d

‘to the. greatest extent by decTeasing seed number.’ The

5 N

decrease in seed number was attrlbuted to pod or Seed
\")‘ ‘. #

abortlon occurrlng d rlng flowerlng. Louvet ancd Bllloﬁ &

(lgBh) 1mp11ed that black 8p0§ of rapeseed caused flofﬁt

abortlon, when they stated that the rapeseed Pods QOuld et -
.o N

-

W . oo B , ) ) . g ) .
2 R . . - P . .
. a . R B M .

0 L,
protected from black spot, cauged by A. bra391cae, by / RS

b Ca %y

'fupgic;de tnpatment earried oﬂt only ddrlng flowerlng

The treatment would suppress Bbore formatlon on the fo?jib.

4

R . C P N -
* B .
‘ \ x . [ B . N E /
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'rlngnspots dUrlng this mOSt sensltlvefstage of pod

7

:caUSe of yleld reductlons 1n black spot~ dlseased ra

N A

VaPletleS-

A
"

When ‘'yield and 1ts components, 1000 Kwt and se

«a

'Volume were correlated, conslstent, 51gn1flcant po

Y

'S

tQ a greatep extent by the disease than the 1000 Kw

\

wduld account for the disease 1ncreaslng the seed d

,of Span 1n the bylk materlal nand the positive corr

obtalned between 1000 Kwt. and seednden81ty. Therpe

Peports on the effe" of dlseases on yield of. rapes

77 .

develop--*rs

oy

[}

'ment It appeared that floret abprtlon could be a majon

peseed

L)

ed

sltlve

correlatlons were,obtalned The seed volume was'reduced

t. This
ensxty
elatlon
are few

eed, but

Sackston (1950), Hartwig and Johnson (1953) and Zlmmer and

)
Zimmerman (1972) worklng with other 0il, CPOpS“'ShOW

ed that .

dlseases can 31gn1flcantly reduce the yleld 1000 Kwt,,’

[

Jvand seed voluyme of those crops.

W

-

The major quallty factors of rapeseed wepe "the

v

‘proteln content of the seed , There was no 31gn1f1c

change 1ﬁ the oil content of bulk harvested Span, b

I

o was a 81gn1flcant reductlon in 011 content 1n the d

! .I

ranked materlal of Span. There was ne con51ste,v7s

cant changes %n- 011 content in Zephyr due to black
Thus, for 011 content it appears that if’ there was’

enough reduct;on ;n yleld the oil content would be

ductlon was between 20 and us per centé\;n

ults would be", obtalned. L '3@4 “; o ,gw:

e s ‘,‘,‘~:

*

olil and

.
- .
.

antﬂ

ut there.
1sease—f
1gn1f1—

spot.‘ ‘
a: great

reduced

éon81stent
K4 .>\\

v



" not.

|| ".‘ ' ) ¢ .
Span and Zephyr, in the bulk harvested materlal, in
5 out of 6 cases‘had smgnlfloant reductlons in protein con-

tent. 1In the diseasearanked ‘material, Span had consxstent

fsignlflcant redudtlons in pr0texn content, while ‘Zephyr had

1

Theﬁproteln and o0il content of the seed“were’qsed.to
'calculate ‘the proteln content of the m al As expected,
( “

where sxgnlflcant reductions in 011 and protein‘content of

’

the seed oocurred .a smgnlflcant reduction in proteln con~

e

tent of the meal was found._ Span was most. con81stentIy re-
duced in pPOt81n content of the meal - Correlatlons on
‘these quallty characteristics: 1ndlcated tﬁat proteln con--'
tent of the seed and meal had the strongest p081t1ve,
significant: correlatlons£d In the bulk- harvested material’
both prote1n=of the seed and‘meal correlated slgnlflcantly
_and p051t1vely | | » ‘

Fowler and Downey (1970) 1nd1cated that tﬁe oil-cor—
’; tent of . rapeseed accumulated fairly Papldly from 14 to 28
days after polllnatlon (DAP), but from 35 DAP to maturlty, :
oil dep031t10n occurred- at the»same rate as dry matter.
Slnce, Span and Zephyr 1nfected w1th black spot matured .
}‘4'frpm 7. to 12 days before the ?on-&noculated controls, the.»"
red’uctlon in’ O:Ll and protem content may be ‘used by the

shortened perlod of dep081t10n tlme for 011 and proteln.

Wetter (1965) showea that the major cbmponents of
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'

seed 'in Argentlne and Polish varletles were 011, protein,
capbohydrates,‘and cpude fibre (llgnln and insoluble

carbohydrates). .Thus, if the oil and pnoteln content of

ARIRY
¥

the seed were reduced there probably was'an lncrease in

n

the carbohydrates and crude fibre of the seed. Thls, in

I1tself, detracts from the value oﬁethe rapeseed meal (Young,

' 1967) . y

The major fatty aclds in the 011 were not gneatly
affected by black spot of - rapeseed The only significant:
"changes that occurredowere 1n/the palmltlc and 11no1e10

"aelds of the 0il: 1In Zephyr, bulk haPVested materlal in-~.

Aoculated with A. raphani, linoleic aciq was decpeased .« In
’ o

Span, dls?ase~ranked material 1noculated with A bra581%ae,'

f
Ao

both palmltlc and llnolelc acid content of the’ pll wa

V1
IO AR

W’l " ..
A»(g H' RN

‘Zephyr fon the control and three dlfferent fungal treapr

ncreased The average figures for the bqu h@rveste

'-.ments 1nd1cated that llnoletp a01d content was decreased

I , .

dby A. raphani, increased by'
LR
tlvely constant by thé CGmﬁﬁ

ss1cae, and held rela-

suggested that the dfffereut fungm‘could affect the same,

9\1"

o

‘Tmetabollc,process dlfferent ways.

« . ’ o I
' e (Y'Y

The increase iR palmltic and llnolelc a01d content . 1\

. "’I'l’ .

in Span could have a relatlvely 31mple fxpianatlon. ATheiv

FEN

:correlatlons for Span, demonstrated that palmltlc a01d con-

£ -

tent and yleld were negat;vely correlaked. Fowler and ﬂi:f@

i Downey (1970) showed ‘the greater the perlod of oil pro_
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Vv

‘;rapeseed

'
flcantly affected-by black spot, except for the-dlsease~

o dlseased-ranked materlal of Zephyr 1nocu1ated ‘with A.

) ' . [

duet&on, the lower the palmltlo aCld content Since bleek

spot eaused early senescenoe, palmltlo acid should be hlgher

'in the dlseased mater;al The data fon.bulk harvested

' Zephyr, however, suggested that a mueh more complex phys1o-A

logloal 1nteractlon eould be occurplngq Olelc aeld was‘

\

found to coprelate negatlvely w1th palmltlc, llnoleic, ﬁa

llnolenlc acld the last three of Whlch all correlated

pOSltlvely w;th eaeh othen. The obsepved coﬁtelatlons for:

the fatty acids’ wlth each other had been reported before

AN

(Stefansson and Storgaard 1969) o One interesting factory

y was, that in the dlsease rankedrmatqrial the correlatlons
) A

were strongeh wnth more s1gn1flcant vdi:fs in the severe

- ‘i ] A
group than the control gpoup in Span. .

The glucoslnolates present in the meal Were not signi-

ranked materlal of Span ;noculated wlth A brassicae. As’

thls group had the greatestﬁpleld reduction, an effect on the:”

quc031nolates would be exPected The major 1soth10cyanates'

VBI and PI were s1gn1flcant1y reduced by the‘dlsease. 'Qn'a

-

bra831cae, there Was a deflnlte trend for reductlon of%the

ta

' OZT content 1n the meal.. Kondra and Downey (1969) had\. S

done a. study On the glu0051nolate content of developlng

' They found that-the shorter'the perlod¢from

“Q'polllnation to‘matuvlty, the lower would be\thevglu0051n-

\

“ﬂolate'cqntent. Thuq,'ln dlseased rapeseed plants, early

H -
N e A [ B . » e H o . 3
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~"~‘ - The oorpelatlons w1th1n the gmu0081n01ates ‘indicated

f

:‘that in Span, BI and PI (the majon gIHOOSanlate "hydro-

&

/s

' DaEhanl A. brassicae, and a combination of both speoles

‘ﬁﬁly dlseaséd plants were con51sténtly and s:gnlflcantly

ly81s ppoduets) wepeé slgnlfloantly and p031t1vely corre~

1ated, as were thé minor glu0081nolate hydrolys1s products
! '

, MeSB and PhE, But there was' a Slgﬂlflcanf negatlve i.‘ o

i

pelatlon between the two gpoups, Th;s could'ge expected

as the mlnon glucoslnolates have been: consldered pre-

~eupsers of the majop pnes . (Kondra 1973, prlvate communi-~

'catlon) The gluco51nolates did not correlate con51stently

/

twlth'YIEld op pPotelﬁ content TR

\.

A ,
A comparlson of the yifif“deUCtlons caused by A R

N a

in the bulk-harvested materlal and in the severe group of

-the dlsease ranked shows that the reductlons in yleld were *

. ’
much greater in the severe group of the dlsease ranked .

i . !

than in the bulk-~ harvested materlal . The reason fop thlS

.would be the bulked materlal contalned moderately as well
R /

as severely dlseased materlal In the dlsease-rahked

materlal for yleld,;looo Kwt.,'and seed volume, the\severe- S

\

;reduced'ln 17 out of 18 experlment s moderately dlseased

matunrty could have caused the lower glu0081nolate c0ntents.

-

81




s1gn1f10antly reduced in the severely dlseased plants 8 out
/ .
of 18 tlmes, moderately dlseased plants 1n 7 out of 18 .,

‘tlmeS, and sllghtly dlseased in 4 out of.18 times. The"”

. L4
and seed volume was qulte ev1dent.x I '

For the quallty parameters, although there was a tbend

for progresslveulosses they wepe not as great as for the

Y] ,‘\-‘ ' !

A yleld parameters. The dlsease—ranklng had value, but- It

would have been better Wlth fewep categorles.‘ The use of \

these categorles such as healthy or’ control, sllght to
[ ~, f , - . !
« moderate, and severe»would ,probably~have glvendmore defini-
C . [ . R ‘
‘tlve results. o o b ' m“‘ )

* -
.‘\

In the bulk mateplal"the correlatloni'lndlcated there

were 51gn1f10ant, p081t1ve relatlonshlps between yleld

N

",lOOO‘th., seed volume, and proteln content of the seed .and

v

;meal But the companlsons of Qhe corpelatlons of thercon— .
ftrol group to: the severe group in the dlsease ranked

aterlal - were not that slmple.. Black Spot dlsease of

i rapeéeed appeaned capable of changlng the relatlonshlp of

' eps. Two examg}es were yleld and seed(den31ty:,

negatlve correlatlon was changed\by the dlsease to

N

p081 ive one, and palmltac and 11nole1c ac1d where the

. ',plalv by the bl\ck spot dlsease.- ,~ o E

progre551ve effect of blaok spot dlsease 1n yleld, 1000 ‘Kwt.,,



' eaused by the fungal spores, but qulte common wlth ‘the . flleﬂ

\
l

”f”:' " The A. bPa381cae flltrate was moredseVere thQn thf

v

In the tox1n study, the charaoteplstlc leslon of ™~ |

Alternanla speemes on leaves %Scurped on papeseed affected

by. black spot oaused by A. ‘raphani and Au‘bra581oae. Fll—

. . .;‘7

”‘trates of A. Paghan and A brassloae were found to oon~5

taln toxxc metabolltes whleh eould cause s1m11ar follar

t

' .symptoms. The symptom, not as readlly seen on leaf le81ons

0

\

.

1\'
-

trates, was the brownlng of the velns on. the leaves. Thls,

lbrowPlng of the velns has been a phenomenon that has occupa

'Ped w1th Othep Alternarla spe01es on thelr hosts (Templg}on,‘?u

' ! R

‘1972) Some ‘of the toxmc metabolltes of A raghanl and'

A bras31cae were fo d to be heat lablle,‘ d on autd{

‘ - o' ' v
lc1<1i2§ thelr actlsﬁ,y wﬂs destrdyed thus r tabd;ng the

development tlme o subsequent symptoms. In}géheral, 2

Alternarla tox1ns have not been heat lablle but Toblkata

r
- , . I

,\“ N

(1972 pplvate communlcatlon) has found evldence of a heat

/.5

Caett Y
T

!‘.

lablle tox1n from A klkuchlana on. pears.' o _ii"'/‘ ﬁ.”ﬂ

»

*

‘A raghanl 1n affectlng Zephyr 1ea§es., %h;s ; d'the“ﬁ

fleld,31tuat10n, where A bra581cle caused'me

rapesee than dld the saprophyﬂ?c 1solate,‘A. humlcola.n'n

Tbe ablllty of Alfernarla spec1es othér th A the paeyp,lfkfu.

o i L
- "’. . ,‘ . . A Rk
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genlc one to produce av¢0x1c metabolite against a speclfic

hoqt has been shown before (Fulton et al., 1965) Differ-

bt

" dnces in pathogenecity have not only odcurred between A.

(RN

ot

Paghanl and A. brassicae (Tabep, 1964 3 and Changsri and
Webep, 1963), but dlfferences in pathogenecity have .occurred
within a species (Atkinson, 1950; and Van Schreven, 1953) .
The p0881bllity that the productlon of toxic metabolites
an contrlbutelto greater pathogeneclty of an Alternapla
specles on its host has been demonstrated before (Torikata,

x967). In this study A. brassicae appeared to produce

more toxic metabblites and to be more pathogenic on rape-

»

seed than did A. raghanl. .

.

In general the results obtained f;om the varlous
parameters, except yleld, were not as conslstently affected
by ‘the black spot disease 1n Zephyr as they were in Spén. 4
It appeared that y1eld, seed welght, and seed size were more
strongly affectedj by the dlsease than the quallty factors. <
The quallty factors were usually affected adversely by black
spot. However, the major exceptlon was, that gluc031nolates
';:;; reduced in quantlty, thus - 1mprov1ng the quality of the
.meal. Further, it appeared that the black spot disease |
placed a éomplex physiological strgSS ofi the plant, the

effect of which depended on the Alternaria species present.
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