Studies on the Blology of Gnomonia fragariae Klebubn'

ABDUL GHAFOOR KAUSAR*

Thirty-eight monoconidial isolates of Gaomonia fragariae comprised at least
6 races that differed In one or mere of the following characters; appearance
of colonizs on artificial media, nutritional requirements Mo growth and
gporulation, temperature relations, relation to hydrogeo-ion ¢oncentration,
and sporulating ebility. At least six distinet races were isolated froma
single pycnidium on a leaf of wild strawberry.

wone of the 4 races studied Intensively for nutritional requircments graw
well on a basal synthetic medium. When vitamins were added to the hasal
solution the different races grew well, but the vitamin requirements differed
for each of the four races. Trmperature requirements differed for the
difarent races. Four were stodied intensively, and the optimum ten-
peratures fur two of them was 25°C., while that for the other two was 20°C.
In general, the different races studicd grew somewhat at o range of
hydrogen-ion concentration from 1.2 to 1. Of the four races studied
thoroughly, however, the optimum for one race was 4.7, that for two races
was £.5 and that for the Eourth race was 6.2,

Ofr the total of 38 igolates studied, 33 produced parithecia, while only §
produced both perithecia and pycnidia. Thess isolates prodyced perithects
in both monoconidial and single-ascopors cultures.  The best medium for
sporulation for all of the races was cornmeal-infusiop-malt agar. This
oedium eppaently contains substances that could aot be supplicd to most
races by means of any of the nine vilamins trigd. The specific vitamin
requirements, either ascorbic acid, pyridixine, or inositel were determined
for eoly ons cace.

INTRODUCTION

Gromonia fragorize Klebahn was discovered on strawberry petioles by
Klebaho near Hamburg, Germany, in 1908, In the United States, the fungus
was first reported by Alexopoulos and Cation (1948), on the calyees and

1. The work was done while the author was a graduate student at the Univeralty of
Minnesota as & scholar of the Central Government of Pakistan,
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peduncles of strawberries and on maltose and cornmeal agar. The perithecial
stage was assigned to Gromoniz at that time and has recentiy been identified
by them as G. fragarize Klebahn, a species hitherto unrecorded from North
America (Alexopoulos and Cation, 1952).

Tn September, 1949, a number of isolations from diseased leaves of
strawberries collected from Minnesota gave typical perithecia of Gromonia
fragariae on cornmesl-malt agar. The development of the ascigeral stage on
culture media facilitated a study of the genetfcs and variation in the species,
However, it was noticed that perithecium formation was erratic and uncertain,
etpecially on synthetic media. In earlier attempts to synthesize 2 medivm
adequate for sexual reproduction of the fungus, it was observed that most of
the isolates of the fungus could not grow well on some synthetic media. As
growth is always preliminary to the initiation of reproduction, a definition of
the requirements for growth was considered a prerequisite to the determination
of the requirements for reproduction. The writer investigated vaciation in
Gromonle fragarige, and the influence of temperature, hydrogen-ion con-
centration and uttition on growth and perithecium formation.

MATERIALS AND METHODS

The fungus isolates used in this study were obtained from diseased leaves
of wild strawberry in Minnesota, Singie pycnidiospores were isolated from
the pycnidial oozs on the moist diseased leaves with amicropanipulator using
the method described by Dickinson {1933}, The single spores were transferred
with the micromanipulator to drops of agar on cover slips, where they were
allowed to germinate. The hyphae were allowed to grow for a day or two
and then were transferred to agar slants.

Natural and synthetic media were used in these stodies. Potatos
dextrose agar and cornmeal agar, with or without the addition of malt extract,
were usually used. Cornmeal agar was prepared by the addition of 15 gm. of
agar to an infusion made from 75 gm. of cotnmeal in a litre of water,

For nutritional studies, the basal medium had the following composition:

Dextrose 20 gm.
KH ;FO, 1.5 pm.
Mp 80, THO .9 gm,
KNQ, .12 gm.

Trace ¢lements —0.5 ml. (Equivalent in .p.m. to .005 borox,
0.02 copper, 0.10 iron, 0,01 manganese, 0,01
molybdenam, 0.09 zinc,)

Distilled water to make up | lLitre.

Agar . - 13 gm.
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Vitamins in mixture?, individual vitamins® casein hydrolysate, and
other amendments were added according to the requircments of the individual
experiment. All of the vitamins were passed through a Zeiss filter, and were
added to the autoclaved media.

Except when otherwise stated, all cultural and physiological studiss
were made at least in triplicate. Twenty ml. of the liquid nutrient sclution
were used, but 25 ml. of solid media. Except when otherwise stated, all the
work was done at room temperature, approximately 25°C,

CULTURAL VARIATION AND DIFFERENTIATION OF THE
ISOLATES

On potato-dextrose and cornmeal agar the coltural differences between
thirty-eight single pycnidiospore isolates were not clear. Growth of all the
isolates was very closely confined to the medivm, thus masking most of the
mycelial characters.

On cornmeal-malt agar thege izolates produced penithecia.  Thirty three
of them produced perithecia exclusively while the remaining five formed both
pyenidia and perithecia, There were decided differcaces among the isolates
both in colony diameter attained by them and in the number of perithecia
formed on this medium. {Table 1).

All but two of the isolates came from a single pycnidium. Single
pycnidiospore isolates from the same pycnidium differed in colony diameter,
amount of perithecium formation, and formation of perithecia exclusively or
in association with pyenidia. The colony diameter varied from 46 mm. to
77 mm., the least significant difference being 6 mm. Perrthecium formation
ranged from poor to excellent: it was poor for 7, moderate for 2, fair for 3,
good for 16 and excellent for the remaining 8 isolates under the conditions of
the experiment. Four of the isolates formed perithecia in asspciation with
pycoidia, while others produced perithecia exclusively, In the course of
ordinary sub-culturing, five isolates produced perithecia on potato-dextrose
agar, while the others did not.

The addition of malt extract to potato-dextrose agar increased mycelial
growth and the cultural characters of the isolates were more prominent on this

2, The stock solution of the vitamio miature contained 100 m# molss per ml. of eech
of thiamin hydrochloride, dboflavin, pyrideaine hydrochloride, p-amios benzaic acid, nicotings
acid apd calcium pantothenate, 0.2 microgram per md. of bictin methyl estor, and J08, 008} mb
moles per md, of L-inosttel, OF this steck solution, 0.5 ml. were used per 20 mi. of the medium
in each 125 cc Frienmeyet flask, Ascorbic acid (50 m# moles per 20 oc. of the medium)
provided 0.44 mg. of ascorbic sgid per litve of medivm.

3. Jodividyai vitamins were ysed at the same concentration as in the mixture,
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TabLk 1. Colony dlgmeter after six days and peritheciumt ond pycnidium
Jormation after 40 days by single pycnidiospore isolates af
Gnomonia fragariae grown on cornmeal-malt agar.

Rating for formation of

Isolats Colony digmeiers

{mm.) perithecia® pychidia®
I11-3 90 5
H-1 69 5
33 75 5
38 73 5
30 T2 5
33 71 3
7 70 5
¥ 67 5
9 62 5
k]| 60 5
3 Ti 4
10 73 4
12 1 4
16 69 4
29 &8 4
4 &7 )
d &7 4
36 66 4
27 63 4
23 G0 4
37 58 4
26 54 4
21 53 4
19 69 3 .
17 68 3 o
25 63 3 i
13 67 2 :
12 a2 1 .
1 o0 1 '
23 58 1 :
2 54 1 sy
24 33 1 o
a 46 1 i
9 14 4 2
= | 70 4 1
8 &7 4 2
20 69 2 3
1 64 1 2

gL, 8. D =§ mm, ]
4 33 juolates produced perithecia sxclusively.
¢ % icolates produced both perithecia and pyenidia,
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medium than on potato-dextrose, cornmeal or cornmeal-malt agars. © All the
isolates were then plated oa potato-dextrose-malt agar to study other cultural
differences among the isolates,

The thirty eight isclates {thirty six of which came from a sin Ele pyenidium)
could be differentiated into at least six cultural races (Figure 1) on potatos
dextrose-malt agar, Three of these races differed in colony colour from white
te black, The other three races were differentiated on the basis of the amount of
mycelivm and the type of growth. They represented respeclively, mycelial
growth arising as dots, smooth suppressed growth copfined vty closely to the
medium and a thick growth of the mycelium. The number of perithecia
produced on this medium was low in gereral and only ten of the isolates formed
petithecia.

Figure 1. Cultural characters of six races of Gromonia Jregarige on potato-
dextrose-malt agar,

These results indicate the existence of g large number of bictypes in
Ornomonia fragerice, which differ io their sporulating ability and cultural
characters. The 36 single conidial isolates which originated from a single
pycnidium differed in colony diameter and amount of petithecia produced on
cornmeal-malt agar, and could be differentiated into six cultaral races on
potato-dextrose-malt agar,

Four isolates representing different races were selected for further atudy;
temperature and hydrogen-ion ¢oncentration relations, and nutritional require-
~ ments for growth and perithecium formation. These isolates are designated
ag races 1, 2, 3 and 4 respectively in subsequent pages. Races 1 and 2 origi=
nated from the same pycnidium,
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TEMPERATURE RELATIONS

The effect of temperature on growth and sporulation of the races wag
studied on cornmeal-malt ager (1.0 per cent malt extract). The four races
ware plated siugly, in four replicates, and were incubated at (7, 3°, 10°, 15°, 20°,
25°, 30°, and 35°C. Growth of all races was sparse and oppressed at all tem-
peratures, Colony diameters were recorded every other day for 8 days, while
notes for perithetial farmation were taken after 25 days.

The colony diameters attained by these races during 8 days, over the range

' T T I 1 T
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COLONY  DIAMETER {MM.)

0 5 ic |5 20 25 30 as

TEMPERATURE 1IN DEGRAEES
CENTIGRADE

Figurs 2. Effect of tempetature on oolony diameter of four races of Gaomonia
fragarige after B days on cornmeal-malt agat,

of temperatures studied, are summarized graphically in Fipore 2. All races
grow well over the range of temperatures 5°C. to 30°C. The optimum for twa
of them was 25°C., while that for the other two was 20°C. Thus, the races
fall into two groups as regards optimum temperature for growth.
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Races did not develop mature perithecia at §° te 20°C., inclusive, but
perithecial initials were formed in aburdance. At 25°C., however, mature
perithecia developed after one month. Thus, the optimum temperature for
perithecium formation is 25°C on this medium,

RELATIONS OF HYDROGEN-ION COMCENTRATION

The effect of hydrogen-ion concentration on the gruwth of four races
was determined on the basal medium in liquid culturs,

The basal medium, containing vitamins and micro elements was adjusted
toapHrangeof2.4,3.2,3.9,4.7,5.5,6.2,6.9 and 8.0 by the vze of phos-
phate buffer solutions. The pH raoges of 3.1 to 4,7 and 5.5 to 8.0 were
adjusted by the use of HyPO, plus KH,PO, and KH,PO, plus K ;HPO,, res-
pectively, that of 2.4 and 9.1 were adjusted by the use of HyPOy and K, PO,
respectively. In preliminary experiment, the quantities of the buffer solution
required to give the desired pHs were determined, and in actual experiment,
the buffer sclutions and the medium were sterilized separately and later com-
bined. The pH walnes of thase combined solutions were taken to represent
the initial pH value in each series. Data on the dry weight of mycelium
produced after 17 days are in Figure 3.

1630 T T T T Y T T
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DRY WEIGHT OF MYCELIUM {uc)

2.4 1.'.| 3:1 4.7 sl.:- a3 (0] | [a] i
HYPROGEN ~i0t CONCENTR ATION
Figure 3. Effect of initlal pH of the basal medium plus vitamin mixture on the
dry waight of mycelllum produced by fonr caces of
Gnomonta fragarics after 17 days.
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Mone of the isolates grew at pH 2.4 and they grew only = little at pH
Q.1. The izolates differed in rate and total amount of growth at almost all
the pH values betwzen 3.2 and 9.0. In general, growth was maximum in the
range of pH 4.7 to 6.2, the actual maximum being at pH 5,5 for two of the
races, at pH 4.7 for race 3 and at pH 6.2 for race 1. Howaever, the curve of
growth for race 1 levelled off at pH 4.7 to 6.2.

Sporulation and cultural characters of the two races 1 and 3 were
determined on cornmeal-malt agar {malt extract 1.0 per cent) adjusted to

different pH values. The two races formed perithecia and no pyenidia over the
pH range 3.9 to 8.0. The perithecia did not mature and did not develop
beaks in these tests but were most abundant at pH 3.9 and 4.7,

NUTRITIONAL REQUIREMENTS FOR. GROWTH

To ascertain the nature of the deficiency of four races for gyowth, the
races were prown on three nutrient solutions, basal sclution, basal plus casein
hydrolysate (vitamin free), and basal solution plus malt extract respectively.
Dry weight of mycelia produced by the races after 20 days, summarized in
Table 2, indicated that all of them were deficient for certain growth substances
present in malt extract. On the basal solution, growth of all the races was very
poor and the addition of malt extraet increased growth tremendously,  Casein

hydrolysate was not beneficial to the growth of four races.
TABLE 2. The effect of the additior of casein hydrolysate and malt extract
for the basal medivm on the growth of four races of Uromonia
fragarige after 20 days' growth.

Average dry weight * (mg.) of
mycelicm of the races.

Medium
1 2 3 4
Bazal solution i 73 113 80 1532
Basal solation plus Casein sl 27 5 50
Hydrolysate. )
Basal solution plus Malt ST, ] | 1,050 g7 58
Extract.

e Average of 3 replicates.
Similar results were obtained with agar media, when the four races were
grown on thess nutnent solutions solidified by purified Bacto agar, accerding
10 the method vsed by Robbins and Ma (1945).
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Vitaming
The requirements of different races for specific vitamins was determined

by the addition of single vitamins to the basal solution at double the rate
mentioned under mateorials and methods. The dry weights of mycelia pro~
duced by different races afice 20 days” growth (summarized in Table 3) indicated
that all races required vitamin supplements for their best growth, but each ons
had different requirements, In general, the deficiency of most of the races
was muitiple and the increass of growth by the addition of all the vitamins ia
mixture was strikingly higher than that by the addition of any of them indivis
dually. A summary of the vitamins stimulatory to different races in the order
of their magnitude 1s as follows:
Race 1. p-amino benzoic acid, ascorbic acid, thiamin, pyridoxine,

i-inositol, caleium pantothepate and ribeflavio.
Race 2. Ascorble acid, biotin, nicotinic acid, riboflavin and thiamin,
Race 3. Nicotinic acid and pyridoxine,
Race 4. ‘Thiamin, nicotinic acid and pyridoxine.

The effsct of cartain combinations of vitamine was also studied. Come
bination of essential vitamins gave apn additive effect on the responsive races.
Race 2, for instance, was deficient for both thiamin and biotin, It grew almost
twice as much on a combiration of thiamin and biotin as on either alone. A
striking increase in growth by the use of all witamins in combination is thus
explained on the basis of additive effects of certain vitamins.

TaBLE 3, Dry weight of mycelium of four races of Gromonia fragariae
o# the basal solution contaiming nine vitaming singly and in
combination after 20 days’ growth.

Average dry weight * (mg.) of
mycelium of the races.

Vitamins

1 27 3 4
None .. 172 107 158 1
Ascorbic acid P Y 11 744 717 223
Biotin a 118 457 &0 153
Calcium pantothenate R ) 322 185 260
Tnositol .- & 237 107 127
Nicotinic acid .. 472 400 382 408
P-aminc benzoic acid « B35 119 1%3 152
Pyridoxine o b 271 295 362
Riboflavin o B32 a3 202 198
Thiamin .. BE3 o 1233 443
Nine in combination - LOIs 952 s 550

o Average of 3 replications
& E{yﬂuﬁg‘dﬂnmﬂh :thas a8 tn]q-d a5 with E!hiafl.iin and with mseorbic acid.  Perlthecin
a opad 10 three teplicatipns, a were not harvested 10 meke fu
observations on peritheca. 2 # T
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FORMATION OF PERITHECIA
Genete Studies

As stated by Alexopoulos and Cation {1948}, thirty-eight single conidial
cultures produced perithecia abundantly on cornmeal-malt agar. The behavionr
of the single ascospores in the formation of perithecia, was ascertained by
plating seven single ascospores isclated from iwo asci of a perithecium singly
on cornmeal-malt agar. In repeated tests the single ascospore cultures produced
perithecia. To ascertain further whether the behaviour of the fungus might
resemble that of Glomeralfa eingulate {Andes, 1941; Edgerton, 1914; Lucas
et al., 1944), single-ascospore isolates were plated singly and in different
combinations on cormmeal-malt agar. As usual, single ascospore cultures
again produced perithecia and those paired in diffsrent combinations formed
perithecia around their inocula but not atong the line of contact of the two
mycalia as is the case of heterothallic fungi.

Relation of Nulrienty

Perithecia of Gromaonia fragariae did not develop on ordinaty synthetic
media, but they developed freely on cornmeal-malt ager. To determine the
vitamin requirements for perithecia! formation, the four races were grown
on 2 series of solidified media consisting of basal, basal plus malt extract, basal
plus yeast extract, basal plus vitamin mixture, basal plus casein hydrolysate,
and basal plus vitamin mixture plus casein hydrolysate, The experiment was
duplicated at different times but no perithecia developed. Hwang e/ af. (1347)
stated that the ficoding of folly grown cultures with sterila water stimylated
production of perithecia in homothallic lines of Hyphomyces sofani and Gibberella
resewm. This technique was tried without success inn the present studies.

Races 1, 2, 3 and 4 were grown on the medium of Lilly and Barnettd,
in which biotin is added to the basal nutrient medium. They were also grown
on this medium in which the following wera substituted for biotin: I, thiamin;
2 vitamin mixture: 3, malt axtract; 4, yeast extract; 5, vitamin mixture plus
casein hydrolysate. There were quadruplicate flasks for each treatment. No
perithecia formed in any of the 24 flasks. Neither did Westergaard and
Mitchell’s medium® which contains biotin as a source of vitamins, nor did
similar substitutions of biotin in this medivin stimulate formation of perithecia.

4. Lilly and Bamett's medium: glocose, 25 gm.; potassium dihydrogen phosphate, 1.0
gm.; megeasivm sulphate, 0.5 gin. ; fumaric geid, 1.32 gm. 7 sodium carbonate, 1.2 gm.; caseln
Tydrolyagte equivalent to 2.8 gm. chsedng biotln, 6.4 Mg.; iron, 0.2 mg.; =ne, 0.2 mg.;
mangasese, (1.} mg.; purifed difeongar L5 pro.; double distitied water, 1000 mul,

3. Weatergued and Mitchell's mediun : glucoae, 20 gm, ; potassinm nitmte, 1.0 gn. ; potas-
sinm. dibydroge phosphite, 1.0 gm.; magaesium sulphate, 0.5 gm.; sodivm chloride, 0.1 gm.;
caleivm chlocide, 0,1 gm. ; bictin, 5 pg.; trace slements, 1 ml; purified difce egar, 13 gm.;
distilied water, 1000 ),
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These results indicated that the races tested required vitamins other than
those tried or in differsnt combinations than thaose tried.

Of the nin¢ vitaming used in nutritional studies for growth of the four
races, ascorbic acid, inositol and pyridoxine stimulated the formation of peris
thecia by race 1, but not by the others. It has aiceady been shown that these
four races are different with respect to vitamin requirements for prowth and
the fact that only race I produced perithecia when ascorbic acid, inositel oz
pyridoxine were added shows that there also are difference in the vitamin
requirements for perithecial formation,

DISCTUSSION

Thirty-eight monoconidial isolates of Gromonia fragariee comprised
at least six distinet races that differed in on¢ or mare of the following characters:
cultural characters on artificial media, including diameter, colour, elevation
and zonation of colonies; nutritional requirements for growth and spumiatibn;
femperature relations; effect of hydrogen-ion concentration on growth and
sporulation; and ability or inability to produce petithecia alons or both pycnidia
and perithecia.  Six distinct races were isolated from a single pyenidiom.

These cultural races can be distinguished far better on certain media
than on others. Among the isolates studied, the best medium for developraent
of distinctive cultural characters was potato-dextrose-malt agae. Cornmeal-
infusicn-malt agar was very much less satisfactory in this respect; but was the
best for the development of perithecia. This suggests that it is necessary to
find suitable differsntial media for distinguishing races in culture, just as it is
necessary o find suitable differential hosts for determining parasitic races,
Li {s evident also that standardized differential media should be used when it is
desired to compare results obtained at different times and in different places.

The four races studied thoroughly for their nutritional requirements
needed vitamin supplements for their best growth, but each one had different
vitamin requirements. Ona synthetic medium devoid of vitaming no perithecia
were produced by any of the races but the addition of ascorbic acid, pyridoxind
and inositol singly stimulated abundant production of perithecia by one of the
races but not by the other three.  These races apparently are homothallic, but,
even so, they require special nutrients or growth promoting substanges to enable
them to produce perithecia. Jt i5 apparent, also that there are differences in
vitamin requirements for perithecia formation, and this might have a decided
effect on the production of perithecia in nature and conséquent persistence
of ihe organism, These resolts do show that there is a high degres of g'ene'uc
diversity within the specles with réspect to vitamin reqmrements ’

el e



Biococy oF GromoNIA FRAGAREAK 26l

The temperature requirements of four races were studied thoroughly.
The optimum for two of them was 25°C., while for the other two it was 20°C.
on cornmealvinfusion-malt agar. These reslts suggest thz}t different races might
tend to preﬂummate under different temp-eraturc conditign¥ in naturt, Whether
this proves to be trus or hot, thé Yact remains that fhere afe distinet differences
in temperature requirements among at least some of the races,

A study was made of the hydrogen-ion requirements for the growth of
four races. All of them grew somewhat at a range of 3.1t0 9.1 byt th_: optimum
for one of them was 4.7, that for two was 5.5 and that foy one was 6.2, It
appears possible. that the relation to hydrogen-ion toncentration might have
some effsct on the ability of different isolates to rot fruit of different varieties
and in different stages of development. _

The cxistence of so many races in Gromonia fragarige could be signi
ficant in the eeology and pathogencity of the species. It would be interesting
to study the relation between cultural characters, vitamin reguirements for
growth and reproduction of the races, and their ecology and pathogencity.
The relationship between ail these factors and the epidemiclogy and control
of the patkogen would be an interesting and important study. o
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