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— INTRODUCTION

c::p Among the many factors influencing the carrying qualities of

‘ereen wrap” tomatoes none is more important than the maturity of
ho fruit and the temperatures to which the tomatoes are subjected
uring transit and while in storage for ripening on the receiving
markets,  As harvested eommercially, all tomatoes have numerous
fungi and bacteria on their surfaces, and many of these are capable
of producing serious decay if condisions favor their entrance and
development within ihe fruit. It lhas long been recognized that
wounds greatly favor the development of tomato pathogens and
that in some Instances the presence or absence of wounds #onstitutes
the limiting factor for infection and decay, Maturity of the fruit
or temperatures encountered during transpertalion and stornge like-

t Fgrmerly Allco Allen Dalley,
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wise may be limiting factors, some organisms growing better on more
mabure fruib while others seem to be more sensitive to temperature
changes.

Althougl: there had been previcus investigation of the tempersture
relationships of some tomato pathogens, the temperaturs data avail-
able were not always applicable to transit and storage conditions, and
little work hed been done upon other organisms which cause serious
transit and storage disenses of tomatoes. There seemed need also
of further data directly applicable to the numerous questions arising
relative to the influence of maturity on development of decay after
tro tomatoes leave the packing sheds.  This study was begun, there-
fore, with the purpose of determining more accurately the influence
of temperature and maturity of fruits upon development of desny
during transit and during storago on the receiving markets.

Nine important tranto pathogens were selected for study, and
cach organism was cheeked in two ways as to its response to tem-
perature changes and {o changes in the maturity of the tomato fruits.
Green, turning, and ripe tomatoes were carefully sclected, sterilized,
and inoculafed for temperature studies.  In addition to this work ail
organisms were carefuily checked for rate of growth on potato-
doxm;osc agar plates held at 5° intervals of temperature from 30° to
a95° I,

METHODS

AGAR PLATE CHLTURES

The agar plates were run in two sets for each experiment with cach
organism.  One sct contained potato-dextrose sgar having & hydro-
gen-ion concentration corresponding to the average mean acidity
(pIl 4.7} of the mature-green tomsatoes used in the inoculation tests;
the other contained agar identicalin formula?® and made from the same
lot of decoction but adjusted to pII 6.01, this degres of acidity being
comparable to that found in ripe tomatoes of the variety used.
The reaction of the medium was adjusted by adding hydrochloric
neid to the hot agar for the medium of pH 4.7 and sodium hydroxide
for the less acid medium. Subsequent sterilizations were made by
steaniing without pressare, but to be sure the pH had not varied
with sterilization, samples of the agar were checked with the Youden
hydrogen-ion apparatus before the agar was poured into Petri dishes.
So little acid or alkali was needed to change the pH of the potato
decoction that it was believed that the chemicnl elements thus added
were negligible In comparing the two sets of plates. In fact, occa-
sionally the potnlo-dextrose agar was already pH 6 without the addi-
tion of the athkali, and in one set of experiments 16 was necessary to
add 2 little acid to reach this pHl, yet the same contrasts held between
the two lots of the two acidities.

Sufficient agar was pouwred to prevent undue drying even at high
temperatures before the conclusion of the tests. The air was kept
comparatively moist at all times by keepinz an open pan of water in
each chamber.  Inoculations were made with mycelium or with
spores and mycelium, depending on the organism. The fungus in
each test was ellowed to develop for 24 hours at room temperature,
after which the colony was wmeasured along a marked diameter and
placed in the tempersture-control chamber for a week, The tem-

1 bof poteto decotUion "398 pointo Lo | of distilied water), 20 ugr; 20 g dextrose,
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perature variations of the chambers from the chosen mean were 1°
to 2° I',, but variations within the Petri dishes were not so great,
sinco all the extremes recorded are averages of those given by a max-
imum-minimum thermometer set daily, whereas the accompanying
thermograph records showed that the Hluctuations were too frequent
and the duration of time at the extremes too short to influence
greatly tho temperature inside the Petri dishes where the temperature
changes wero found to lag several hours behind those outside.

The same diameter of each colony was measured in centimeters
daily, but in cemputing the average daily growth rate the plates were
allowed to stand for the first 24 hours in the temperature-control box
to permit the culture plate to reach the temperature of the chamber,
and the average daily growth rate was computed from the subsequent
6 days’ growth. For agar of each hydrogen=ion concentration the
data here recorded were obtained by averaging the growth of 20
colonics of each organism at each of the noncritical temperatures,
although the growth of 30 to 50 colonies was averaged at critical tom-
peratures and whenever there was any doubt as to the comparative
growth rate on the two lots of media or hetween two temperatures.,
To obtain growth of Rhizecionie solani for 6 days at temperatures
[avoring 1upid growth it was necessary to use 20-cm Petri dishes
instend of the usual 10-em ones. It was also necessary to draw figure
2, yepresenting the daily growth rate of Rhizoctonta, on a different
scale from that used for all other figures,

TOMATO INOCULATIONS

Mature-green tomatoes, sclected for freedom from decay and
blemishes, were washed in water, after which they were sierilized by
washing for 3 minutes in a formaldehyde solution bath (1 part com-
mereinl formaldehyde to 250 parts of water). The tomatoes were
then rinsed twieo in sterile water and stacked in a sterile inoculation
chamber till dry. The fruits were inoculated by inscrting bits of
mycelium, or spores and mycelium, from pure cultures of the organ-
isms into the weund muwde by puncturing the tomato with a sterile
probe.  The wound thus resulting was 2 mm in diameter and about
3 mm deep.

Immediately after inoculation the tomatoes were placed in new
cellophane bags that were large enough to close tightly by folding the
cdge of the mouth over severel times and yet leave sufficient nir space
about the enclosed tomato. The cellophane permitted observations
to be made for seversl days without removing the tomato. Only
when the lesions beeame very large was it necessary to open the bags
to mensure the curved surfaces. A duplieate experiment was run at
some temperatures in which the tomatoes were placed in moist cham-
bers instead of in cellophane bags, but no difference in results was
noted, The juice of Lhe tomato welled up into the wound sufficiently
to moisten the inoculum and provide the necessary moisture for initial
growth of the fungus, Fer the tomatoes used the average pH of ripe
fruit juice was 8.81, and for green fruits it was pH 4.7,

In nearly all experiments the tomstoes in the ecllophane bags were
divided into twe lots, the first half {lot 1) being placed at once in the
temperaturc-vontrol chambers, the remainder (lot 2) being held for
24 howrs at room temperature before being exposed to the various
temperatuwres ranging from 35° to 85° F. at 5° intervals. In most
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cuses there was little difference between theso two lots at temperatures
above 50°  All experimental lots remained for a period of & week to
10 days in the temperature chambers.  Suflicient tomutoes were cul-
tured aftor removel from the boxes to check the purity of the lesions
and the relisbility of the data obtained. In only ono case was any
contaminating organism other than bacteria present. It was easy to
detect tho presenco of bacteria, and 1t is interesting to note that they
sometimes retarded tho rate of development of lesions snd sometimes
hastened it, but in many instances the presence of tho bacteria did
net alior tho growth 1 to of the fungus through the tissues, Controls,
similarly wounded, ware held at all temperatures and remnined sterile
except for a few cases of bacterial infection. These infeetions were
doubtless due to handling the fruits during mensurement,
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Note was made of the ripening of the green fruits. Duplicate
experintenital ineculations were made on sterilized ripe tomatoes
which were exposed to those temperatures most likely to oceur during
the ripening of commereinl fruits. These tomatoes were placed In
cellophunce bags at the respective temperatures on the day of inocu-
fntion, and in somie instances concomitant inoeulations were made on
green and turning fruits for comparison of the growth rate of the
lesions developed on fruits of the various stuges of maturity.

MELANCONIUM 8P,
AGAR FLATE CHLTUREY

As will be noted from the curves shown in figure 1, Melanconium sp.
grow best between 70° and 85° I, with an optimum temperature of
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80° for the ngar plate cultures. No growth was made aiter the first
day at 40° or lower, although the fungus remained alive during a
weeli’s exposure to o temperature renge of 33° to 33°.  The minimum
temperature for 1 weel’s continuous growth was 45°,  The maximum
temperature for continuous growth was found to be 90° fo 95°. No
growth took place st 93° to 97°, hut the mycelinm resumed growth
when brought out into room temperature after 6 days in the tompera-
ture-conirol chamber. The growth on agar of pH 6.01 was slightly
greater than that on agar of pI 4.7, but at no temperaturo was this
difference in growth rate very marked, aithough at opiimum tem-
peratures the colonies could easily be distinguished by size at the end
of a weels,  Tho greater development on the less neid agar plates is in
keeping with the faster growth rate on ripe, less acid tomatoes thai on

green ones.
TOMATO INOCULATIONS

So far as is known, no studies have been made on tho temperature
relntions of melanconium rot ol tomatoes other than the work of
Tisdale (/19),* who reports that under favorable conditions (72° to
80° 1)) the spores germinnte within a few hours and are capable of
infecting both green and vipe [roits.  In the present fests it was found
that ab temperabures of 40° and lower (minimum 32°) ne decay
took placoe on mature green tomatoes pud into the refrigerators im-
medintely after inoculation, although the fungus remained alive, for
losions began to develop upon removal from the refrigerating room
and in 4 days averaged 1.19 em In diameter. In the ecase of the
fruits held o day ab room temperature belore exposure to a tempera-
ture of 35° to 41° slight developmen$ became evident on the tenth
to the cleventh day. Lesions that averaged 0.53 em in dinmeter
on tho tenth day had increased to only 0.65 cm by the twelfth day,
but growth was hastened by the removal of the {ruit to room tempera-
ture.  In all incculated fruits held at temperntures higher than 40°
there was 100 peveent inlection.

At 45° F. there was very slight evidence of decay on the cighth day
(table 1) in fruits given a day's start at room temperature (lot 2j,
and o day later in those put into immediate storage (lot 1). Both
lols averaged 0.56 em in diameter on the tonth day.

At 50° I, on the inoculnted fruits held at room {emperature for
the first day, the visible initiation of lesion development was 3 days
ahead (filth to seventh day) of those placed at 50° immediately fol-
lowing incculation. On the tenth day the average diameter of the
lattor was 0.59 cm and of the former 0.78 cm.  After a fortnight’s
development the lestons averaged 1.07 and 1.26 em, respeetively.

Although lot 2 showed initial lesion development on the fourth and
filth days (1 day ahead of lot 1), there was little difference between
the two lots at 55° P, conscquently all measurements were averaged
together and the average diameter of the lesions on the tenth day
was found to be 0.97 em.  Both lots of fruits exposed to o constant
temperature of 60° ripened at about the same time and showed first
signs of decay on the fourth to the filth day, the average lesion diam-
eter on thoe tenth day being 1.41 ¢m. At 65° lesions that appeared
on the fourth day in both lots averaged 1.80 em in diameter on the
tenth day. The lesions on the riper {ruits showed ucervuli and
spores, as did o few of those held nt 60°.

3 {epdle numbers I pecentheses refor o Literstare Cided, o 35,
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TaBLe 1—Decay produced by various organisms when inoculated into green tomatoes held at various temperatures for 5 to 10 days
RHIZOCTONIA SOLANI

Average diameter of lesions in specified lots of grean tomatoes held at indicated temperature

Storage period (days; 1 3419 F. 45° F. ! 50° F. 55° F. Peocr. | 6w | 700F. | 730 F.
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At temperatures below 85° F. the initial growth rate was slightly
faster on fruits in lot 2, but at all the higher temperatures employed
it was the lesions on fruit of lof 1 that showed initinlly higher growth
rate, since they were not exposed to 12 hours of night temperature
ranging from 60° to 66°, There was, however, no marked dilference
in the diametors of the lesions alter the first few days, consequently
all measurements were averaged together.

AL 70° T, and at 75° the lesions were visible on the third day and
averaged 2.43 em in dizmeter at 70° and 2.70 cm at 75° after 10
days, growth. At 80° the lesions appeared on the sccond to the
third day, end their average diameter on the tenth day was 2.85
cm.  Af these three temperatures all lesions showed acervull and
spores, some as early as the seventh day after incculation. Since
the ecomparable sverage diameter at 83° was only 1.98 cm, it
is clenr that the optimum temperature for advance of the fungus
within the tissucs of the tomato corresponded with the optimum
for growth on the potato-dextrose agar plotes.

Melanconium grew faster on ripe tomatocs than on green ones, thus
checking with ficld observations made in Texas by the junior writer.
At any one tempernture the lesions on those fruits that ripened first
developed more rapidly.  To check the rate of development on green
ancl ripe fruits, some ripe tomatoes were inoculated for compurison.
Ab 70° the lesions on ripe Trutts averaged 2.88 cm in dinmeter on the
tenth day. Contrasted with this iz the 10-day average of 2.56 em
on fruits that had been inceulated while green and were not ripe until
the sixth or seventh day thercafter. Similar results occurred st
higher temperatures, slthough, since the green tomatoes ripened more
yuickly at highoer temperatures, the difference in size between lesions
on the fruits of the two maturities was not as marked at the conclusion
of the experiment.

As the green tomatoes ripened, the rate of spread of Melunconium
within the tissues increased, but alter the lesions had attained con-
siderable siue the growth rate begun to decrease, so that the average
daily increase followed o curve that had its high point at approxi-
malely the time the fruit was just turning red. Therelore, in any
one experiment the difference between the diameters of lesions on
tomstoes inoculated while green and the ones on parallel {ruits
inocuinted after ripening decreased as the green fruib ripened.  This
may be illustrated by the results from a lot of green and ripe inocu-
Inted lruits held ut 75° F. On the ripe fruit the lesions averaging
1.34 em in dinmeter on the fifth day had made an average duily
growth of 0.27 e, whereas those on the green fruit (now pink;
had made an average duily growth of 0.23 em and averaged only
i.15 cm in diameter. Tn the subsequent 24 hours the lesions on the
ripe fruits grew 0.30 em in diameter, while those on the green [ruit
{(now red) grew 0.37 cm; consequently the respective diameters were
now 1.64 ¢m and 1.52 em, a dilference between ripe and green fruit
lesions of 0.12 em, as compared with a 0.19 cm diflerence on the pre-
vious day. By the tenth day the daily increase of lesions on the
ripe fruit had dropped to 0.26 em and that of the ripened green fruits
to 0.34 em, making the average diameters practically identical. The
growth rate of lesions on green tomatoes showed & subscquent drop,
so that from the tenth to the fourteenth day the average daily inerease
in diameter was 0.22 em. This type of curve for daily growth rate
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over the 10-day period was characteristic of several of the [ungi
studied. Other workers have found o similar growth curve for other

fungi.
DISCUSSION

The data obtained from agar plate studies of Melanconium sp. are
in exeellent agreement with the findings on tomato inoculations.  The
optimum for growth is high (80° 1),

So lar the discase has been reperted from lew tomato-growing
districls (12, 19) and has been of little economic importance except
in ereenhouse tomatoes, although it has been found during several
years in shipments [rom Texas, in some years more extensively than
olhers.

In spite of the high optimum for growth, once the fungus is estab-
lished it may continue to develop slowly within tomatoes even at
low temperatures (35° to 41° ¥.). While low temperalures in transit
may checlk the rate of advanee of the fungus, development of the
lestons proceeds rapidly ns soon as the tomato is put into the ripening
room.

The deeay advances more rapidly in ripe than in green fruits, con-
sequently larger lesions may be expected on tomatoes that are ripe
nt the end of the transit period. Sinee acervuli and spores develop
sooncr on ripe than on green fruits, the presence of these fruitling
bodies is not an nccurnte diagnosis of the age of the lesion, though
mature wcervuli and spores are usually not present even on ripe
tomatoes in less than 7 days alter infection takes place,

RHIZOCTONIA SOLANI

AGAR PLATE CULTURES

As shown in figure 2, the growth rate of the tomato strain of
Rhizoctonia sofant Kithn did not vary greatly on the two media used
except nt temperaiures ranging between 70° and 85° I, within which
range the organism grew npprecinbly faster on the media having the
hydrogen-ion coneentration of the ripe tomatoes, namely, pH 6.01.
AG all other temperatures the growth rate was the same or cven
slightly better on ihe media baving the acidity of green fruits, pH
4.7, Samucel nndd Garrett (17), working with o strain of Rhizoctonia
iselated from potato, found that the optimum hydregen-ion concen-
{ratien for growth on potato-dextrose agar was pH 6.5 to 7.0. The
oplitnum growth of the tomato strain on both pEl 4.7 acd 6.01 agars
cecurred at 80°, and this oplimum coineides with that obtained for
tomato decay. Wellman (20) reports practically the same optimum
(25° to 27° C, or 77° 10 80,6° I,) for the strain of Rhizoctonia enusing
botlem rot of cabbage, nlthough Samuel and Garrett (17) found the
optimum for wheat and potate strains to be shightly lower (23° to
26°% (. or 73.4° to 78.8° Iy,  Monteith and Dahl (), working with
0 straing of Rhizoctonic selani from grass, pen, and potato, found thot
in general thege had their optimum temperature between 25° and 30°
¢ (77° to 86° F ).

The minimum temperaturs at which very scant growth of Rhcoe-
tonia soluni {tomato strain) oecurred wag found to be 45° to 49° I,
which again agrees with the minimum (9° C, or 48.2° 1)) cited by
Wellman and with that (ess than 10° C, or 50° 1) piven by Monteith
and Dabl, butis higher than that (4° C. or 39.2° I.) given by Samuel
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and Garrett for their strains. It was found that the tomato organism
could be killed by a week of exposure to temperatures around 35°
and was sometimes killed within a week at 38°. Some product given
off during the degeneration and death of the fungus at these tempera-
tures cleared the agar for an average of 6 to 10 mm around the
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colonies. At 40° no growth took place after the first day, but the
mycelium was not killed by a week’s exposuro Lo this temperature.
The first normal-looking mycelium occurred at 50°, where the average
daily growth rate was around 0.20 cm.
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The maximum temperature at which growth occurred was 80° to
05° 1", with an average daily growth rate of less than 0.10 cm. When
the temperabure was raised to 92° to 95° the fungus ceased growing
before the end of & week but was not killed. No growth occurred at
95° and the mycelium was dend by the end of & week, the same type
of cleared area developing around the colony as oceurred at tempera-
tatres low enough to kill the fungus. Both %Vellman and Samuel and
Garrett give 32° C. as about the maximum for the Rhizectonia
strains used in their investigations, while Monteith and Dahl give 35°
C. {95° F.) as the maximum for their strains,

TOMATO INOGULATIONS

Although the fungus remained alive in many of the inoculated
tomatoes after 2 weeks exposure to temperatures ranging from 32°
to 41° F., all inoculations with Rhizoctonia were negative at tem-
peratures lower than 50°, as shown in table 1. At this temperature
the fruits placed in the chamber at once were still negative at the end
of 15 days, but those that were held in the laboratory for 1 day after
inoculation showed 63-percent infection. However, the lesions,
whicl began to appear on the seventh day, developed very slowly
and averaged only 0.57 c¢m in diameter affer 10 days. The fungus
wag still alive in the 37 percent showing no decay and produced
typical lesions when the fruits were removed to roomn temperature.

Ab 55° F. 100-percent infection oecurred, though the lesions in the
fruits in lot 1 were very small, averaging only 0.62 c¢m in dinmeter at
the end of 10 days, while those in lot 2 averaged 1.12 em. These were
the first fruits to show measurable rhizoctonia lesions after 6 days,
the lesions of lot 1 appearing on the fifth to sixth days, those of lot 2
24 hours earlicr. From 60° upward there was little difference between
lots 1 and 2, and cited diameters are an average of all lesions. Well-
defined deeny occurred in 5 to 6 days on both lots at 60°, the lesions
avernging 0.82 em on the sixth day and 2.53 cm on the tenth. The
fruits held at 65° developed lesions averaging 3.74 cm in diametor
by the tenth day,

At all higher temperatures most of the fruits were cultured earlier
than the tenth day, inasmuch as the lesions grew so large on the ripened
fruit that anany eracked open or involved too much of the fruit to
measure accurately.  However, the 10-day dianmeters show a general
increase to the maximum figure at the optimum of #0° F., where
Icsions over 8 em in dinmeter developed in 10 days, From 70° upward
the beginning of decay became evident on the seeond or third day.
Under transit conditions with commercial stock Ramsey and Bailey
(/1) found that mature green tomatoes inoculated at 75° to 80°
hegan to show decay on the second day and that lesions averaging over
2.0 em in dinmeter were produced in 5 days. Under the conditions
of the present experiments the rate of growth increased so rapidly
at temperatures above 65° that a difference of only 2° made o notice-
able differencein growth rate between any twolots. The decay spread
rapidly at 85°, although there was & drop from the optimeum rate of
development most noticenble on green fruits,

Riizoctonia, like AMelanconium, grew more rapidly on ripe fruits,
and the same relutionships for comparative daily growth rate on
green, turning, and ripe tomatoes held true. The optimum for
developurent of rhizoctonia rot (seil rot) on both green and ripe
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fruits lu,y at 80° I., where the decay became evident on the second
day. Table 2 shows the comparative daily diameters of lesions
developing on green, turning, and ripe tomatoes held at temperatures
of 70° and above,

Tasuy 2.~—Percenlage of infection by Ridzoclonia seluni and comporalive diamelers
g : I
af lesions on lomaioes of different degrece of maturity
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DIACUSSION

The rapidity with which rhizoctonia lesions develop on both
green and ripe tomatoes under conditions of transit and stornge,
together with the ability of the organism to spread from fruit to
{ruit through the paper wraps under humid conditions, makes this
one of the most serious transit and storage diseases of tomatoes.
TFruits showing very small spots at the time of packing may develop
largo lesions before reaching their destination. From the standpoint
of spreading the discase in transit, the lesions oceurring on ripe fruits
aro more important, since these develop faster and the tomatoes soon
erack open, the juices wotting the wraps and providing excellent
i:onditions Jor tho spread of the fungus to other fruits in the basket or
ug.

Pemperatures of 50° ¥. and lower will prevent new infection. In
curly stoges of infection the fungus may be checked and in some
cuses killed by lolding the fruit at tempernturss lower than 50°.
However, since in many instances the organism is not killed, the
decny, temporarily checked, will resume development when the
fruits are removed to higher temperatures.

FUSARIUM SEMITECTUM

AGAR PLATE CULTURES

In tho case of Fusarium semitectum Berk. and Rav. the difference
botween growth on agar of pH 4.7 and that of pH 6.01 was quite
striking ab temperatures between 60° and 95° I, so that within a
[ew days there was a noticeable dilference in the size of the respective
colonies (fig. 3). This wns especially true at the optimum temper-
ature for growth, 75°, where the 10-cm Petri dishes containing
pgor of pH 6.01 were more than full of fungus growth after 8 days,
wherens fho colonies on the pE 4.7 agar averaged 8 em in diameter.
This difleronco in growth rate at the two actdities is in keoping with
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}t)iuln (le\)rclopment of lesions on green and ripe fruits. (Seoc Discussion,
slow. .

A rapid drop in growth rato occurred at 85° F. The maximum
tomperature for 1 weck’s continuous growth was 92° to 95°, where
the daily growth was less than 0.1 em incresse in dimmeter. No
growth oceurred after the first day at 95°, although the fungus was
not killed during 4 successive days at this femperature.

Thoe minimum for continucus growth of 1 weeck occurred ab 41°
to 43° It., the daily increases in diameter being about the same as
at tho maximum. At 40° the fungus grew for 2 days and then
ceased growth, bub abt temperatures below this all growth ceased
alter thoe first day, slthough cultures exposed lor 3 days at 30° to
34° were stilf alive,

TOMATO INOCULATIONS

"Pomaboes inoculated with Fuserium semitecium showed no decay
ab temperntures lower than 45° I, and even ab this temporature
mature-green {ruits developed decay only if they wero allowod to
atand for 24 hours at room tompernture belore heing placed in the
rolrigerntor. Fruits so irealed developed lesions that averaged
but slightly less than 1 em in dismeter 10 days alter inoculation.
Both $hose fruits placed in the cold chambers immediately after
inoculntion and those held ot room temperature for 24 hours before
inoculation developed lesions about 1 em in diameter at 50° in the
samo period.  The averngo dismeter of all lesions after 10 days ab
55° was 1.86 cm; ab 60° about 1.5 em; at 65°, 2.0 cm; and ab 70°,
2.8 em. At 70°, 58 percent of the inoculations were successful in
producing decay. The optimum temperaturs for decay was roachied
at 76°, when 69 porcent of the Inoculated tomatoes developed lesions
which grew to an average diameter of 8.5 cm and a depth of 2,5 em
in 10 dnys. At 80° the lesions developing on 48 percent of the
inoeulated fruits had an average diamoter of 3.256 em and an averago
dopth of 1.8 ¢t in 10 days, whereas ab 85° in the same length of time
43 percont of the inoculated tomatoes developed lesions whose
avorago dinnmoter was only 1.9 em and average depth 1.3 em.

Not only was the poercentage of decay greater on ripe fruits (89
percent at 70° I, 92 pereent at 75°, and 100 pereent ab 80°), but the
Fuserivmgrow much fasteron ripe and burning fruits thanon green ones,
The initial growbh on ripe fruits was more rapid than on those that
were turning, although the growth rate of lesions on the latter equaled
that on the ripe tomatoes fter several days of devclopment., The
reletionship between the daily growth-rato curves at any one ter:-
perature for green and ripe fruits was similar to that deseribed in the
caso of Melanconium, The averagoe diameter of 10-day-old lesions on
fruits inoculatad after reaching ripencss was 2.60, 3,94, 4.21, and 4.23
cin, respectively, for temporatures of 65°, 70°, 75°, and 80°. Tt will
bo noted that the diameter of those at 80° was equal to the diameter
of those nb 75°, although this was nob true of the lesions on tomatocs
inoculnted while green,

DISCUSSION

Although several spacies and strains of Fusarium aro able to causo
tomato deeay in bransit and stornge when access is given threugh
wounds or the lesions lormed by other fungi (72}, Fusereum spp.

are genornlly not important s decny producers, except on ripe-
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turning tomatoes. In this connection the close correlation between
the comparntive growth rates on agar of the two acidities and on
inoculated tomatces of the two madurities is interesting (table 3).
It would scem that the lesser relsiive acidity is at [eust one factor in
the grenter susceptibility of ripe tomatoes to decay by Fusarium
semilestum,

Although growth of Fusarium semitectum can be held in checlk by a
storage temperature of 40° ¥, it is not advisable to hold tomatoes
ab this temperature for more than 5 to 8 days because of the danger
of chilling mjury (21}, and it would be impossible to prevent its
later development in the ripening room il infeetion had cceurred.
Tho speed with which this Tungus develops in the tissues of tomatoes
at ripening room temperaturcs causes total loss of infocted fruits
within a few days.

Tannsy 3—Comparisen of growith vale of Fusarium semitectum on tnoculated
green and ripe {omalors and on agers of comparable acidities

Aversge dolly rate of geowth i Average 13-dny dlameter of lesions
dinnmieter on uygar on inocitlaled Lomatoes

Pomperatire (¢ F)
) D 47! CGreen
pIE4T pI .01 e 'C:! whten

pr 8. fngettinted

Ripe whon | CGreen ?
luncubted ripo

Pereent ey i Percent

.43 2,60 240 77
7a 2.50 KR
i B2 3.0 4.2
1. 8 3.2a 4.23

VRt of grow Ll on ager of pif 4.7 expressed a5 pereantage of riko of prowth on agar of plE 001,
T [Humeter o1 Inslons on green toinntoes, expressed oy percentuge of dismecer of Jesions ol ripo Lomnioes,

COLLETOTRICHUM PHOMOIDES
AGAR PLATE CULTURES

A vapid development of Colleiotrichum phomoides (Sace.) Chester
was obtained at favorable temperatures, 65° to 85° I on both pH 4.7
and pll 8.01 potato-dextrose agar, with slightly faster growth always
on tho less acid medium. The optimum temperature for growth on
medin of both acidities was 80°, as shown in figure 4, and this agrees
with the results of tomato inoculations. The development at 85°
was semewhnt less, but at temperatures sbove 85° the growth rate
rapidly diminished.

This organism had a higher maximum femperature (95° ¥.) for
continious growth than any of the other fungi studied exceptAiterna-
rig solani, In an incubator whose temperature fluctuated around 985°
thie organism continued to make slight growth for the week of the ex-
perimental observations, although the daily increase in diameter was
less than 0.1 em.  The growth was not normal, however, the colony
seeming almost to eontract toward the center with a piling up of the
myeelial growth in the center and a final pulling away of the entire
colony from the agnr. No acervuli were produced, but after o day or
two at room femperature normal growth was resumed. When the
average temperature was raised about 1° no growth occurred, bus the
fungus survived 4 days at this temperature and was able to resume
growth when brought out of the incubator.
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Colonies exposed for 20 days at 30° to 34° F. were not killed, but no

growth wes made after the first day in the refrigerators. The
minimum temperature for growth was 35°, at which temperature s
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barely perceptible growth (about 0.01 cm daily increese) occurred
during the week of the tests.

TOMATO INOGCULATIONS

Colletotrichum phomoides produced larger lesions more rapidly
than any other fungus studied with the exception of Rhizoclonia
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(tables 1 and 2), and, ke Rhizectoniw, it was able to grow well at
high temperatures. Alihough it grew more rapidly on ripe fruits, it
was able to initiate growth on green fruits and developed rapidly as
the fruit began to color. No growth took place at temperatures lower
than 45° F, at which temperatuve infection developed only on the
lot 2 tomatoes, where first symptoms became visible on the eighth
day and the lesions averaged 0.7 em in diameter on the tenth day.
At 50° and et 55° lesions developed on the lot 1 fruits on the eighth
duy and averaged about 0.8 cn on the tenth day, whereas the fruits
of lot 2 showed initial development on the fifth and sixth days and
aversged 1 and 1.15 cm, respectively, on the tenth day.

From 60° I*. with an average (both lots) 10-day lesion of 1.90 em,
the dinmeters inereased with each rise of §° in temperature until the
optinum 80° was reached, when the average diameter on the tenth
day was 8.79 em.  Certain fluctuations occurred (table 1) due to differ-
ential ripening of [ruits, but the general curve was upward to 80° with
n decrense in lesion size ab 85°, The fungus often developed as
rapidly through the tissues during the first duys at 85° as at 80°, but
luter there was u:mnll%’3 g drop in growth rate, The growth on ripe
frutis was more rapil but showed the same upward trend to 80° and
deerense ot 85°, as is shown by table 4. Acervuli commonly were
present on 10-day lesions at femperatures above 60°,

Tarpl = Anthrgenose (Colleiotrichum phomeides) lesions on ripe tomate friils
held at various temperatires for 3 lo 10 deys
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DISCUSSION

Colonies of Colletatrichumn phomaoides grew fuster on the less acid
agur, This fact agrees with the results of fruit inoculations and with
the general opinion held by plang pathologists that anthraenose is a
“ripe ol of tomatoes. As pointed out above, most rapid develop-
ment of deeay took piace in tho ripe fruits. Since the curves for
growth made on niedin of the two acidlities corresponding to green
and ripe fruits, pf{ 4.7 and pH 6.01, respectively, are so close together
(fig. 4), and not far apart as in the case of the Fuserium sp. colonies,
it appears that possibly other cliemical or physical changesin the fruit
during ripening are more important than changes in acidity in
influencing the development of decay, Certain it is that ripening
speeds up the growth rate, for often on green fruit lesions that have
shown no growth for several days, then slow growth as the tomato
yellowed, have suddenly doubled in size overnight when the [ruit
redelenced and have eontinued to develop rapidly from then on.

Sinee the temperature range of the fungus is so great, one canuot
hup}c‘. to cheelk satislactorily its progress in tomatoes already infected
with it.
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PHOMA DESTRUCTIVA
AGAR PLATE CULTURES

Phoma destructive Plowr. grows well on potato-dextrose agar, but,
ac indicated in figure 5, it develops mueh more slowly on media
having the acidity of green tomatees (pH 4.7) than on that mere
comparable to ripe fruit {pH 6.01}, This difference in growth rate
is especielly noticeable at the temperatures most favoring growth,
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The optimum for growth, under the conditions of these experiments,
oceurred at 70° F.

It had been previously found that strains of Phoma carried for some
time in artificial euliure and subeultured at infrequent intervals
sometimes lost their ability to produce pycnidia and produced oniy &
uniformly light-gray mycelial growth quite unlike that of the parent
strain.  During the course of the present cultural studies it was
learned that strains recently Isolated from tomuto lesions and produe-
ing numerous pycnidia in the culture tubes had a tendency to produce
saltants by sectoring. Saltants seemed to occur more frequently

53651°—1——3
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on the agar of pH 6.01 than on the more ncid agar. Such sterile
saltants were not peculiar to Phoma but occurred also in the Colleto-
trickum colonies and in Pleospora, only in the case of these two organ-
isms the saltant grew more rapidly than the parent strain.

As o rule the saltants that did not produce pycnidia grew at a
slightly slower rate on both kinds of agar, but when duplicate series
ol agar-plate colonies were run it was found that the optimum fell at
70° F. for both parent strain and saltant, with 75° bus slightly less
favorable for most rapid growth. On the agar plates usually the
difference in daily growth rate between the sterile strains and the
fertile parent strain was less than 0.05 em.

In both cases the minimum temperature for continuous growth of
L week was 40° I7.; the daily growth rate was 0.02 em on the more
acid medium and but slightly over this on the less acid medium.
At 35° no growth occurred but the fungus was not killed. In fact,
it cven withstood a temperature of 32° ¥, for 20 days,

Neither the newly isolated straing nor the old sferile strains were
nbie to grow for & week at temperatures higher than §5° F., in many
instances the slight growth (less than 0.1 em per day on each of the
agars) having ceased by the end of the week oven at this temperature.
At 8G° no growth oceurred after the first day, and though the
fungus was not killed in 7 days at 90°, some of the colonies did not
vesumne growth until the third day after removal to room temperature.

All of tho critical temperatures obtained in these tests were lower
than those cited hy Jamieson {4}, i. e., minimum 6° C. (42.8° 7)),
optimum 28° (%, (82.4° F.), maximum 32° to 33° C, (89.6° to 01.4° ®5:
however, her determinations were made by estimating the abundance
of myeelizl growth in flasks of agar at the end of 10 days’ growth at
the respective temperatures.

In so many instances the duily growth rate of Phome destrucliva
colonies, especially on the more acid agar, seemed to inerease with
the size of the colony that & check was made on the pH of the agar
at or near the conclusion of a 7-day growth period. It was found
thut the fungus graduaily changed the pE of the medium in advance
of its growth se that the agar just ovtside of a colony on agarof pH
4.7 was often ubout pH 5.33 and that outside of a colony on agar
of pIL 6.01 was pt1 6.7 or higher after 7 days’ growth. Concomitantly,
with the lessening of acidity of the medium there was an increase in
growth rate. These frcts agree well with the data obtaincd by
Phoma inoculations on green and ripe tomato fruits.

The _other lungi studied, with the exception of Rkizoctonia, all
showed this same tendency to change the pH of the medium in an
alknline direction. Rhizoctonia alone had no appreciable effect upon
the pH of the agar in advance of the mycelium, and hydrogen-ion
determinations showed that the mycelidm of all the other Tungi
studied were much more alkaling than that of Rhizoclonia. Colle-
totrichum phomoides had more effect upon the hydrogen-ion content
than any other fungus studied, sometimes bringing the pH of the 4.7
agur to pH 6.7 in advance of the mycelium and ehanging the pH 6.01
medium to pH 7.6 at the edge of the colony. This characteristic of
the lungus doubtless explrins why it is able to grow with such ease
on the more scid medium slthough it is essentially & “ripe rot”.
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TOMATO INOCULATIONS

Phoma destructiva grows very slowly on green {ruits; conse-
quently, there was litile difference in growth rate at the different
temperatures until after the tomatoes had begun to ripen. In
storage experiments ot 66° to 76° F. with naturally infected stock,
Nightingals and Ramsey (7) found that an average gain in diameter
of only 0.33 em took place in a week on green tomatoes, whereas on
ripe fruit the gain was 0.71 cm, Jamieson (4) reports lesions only
1 to 1.5 cm in diameter developing in 2 weeks in the greenhouse on
green fruit, whereas on ripe fruits the lesions were 2 to 3.5 cm in
diameter.

In the present experiments no growth took place during 12 days at,
temperatures below 45° F., but the fungus was not killed, for later,
after 2 days at near-optimum temperatures, early stages of decay
were visible. In & few fruits of those held for 1 day at room tem-
perature before exposure to temperatures of 45° there was slight evi-
dence of decay on the tenth day, but in none of the fruits in lot 1 did
lesions appear whilo in storage at this temperature. At 50° initial
decay appeared on the ninth day in lot 1 fruits and on the seventh
day 1n lob 2 fruits. By the tenth day the former lesions averaged
0.54 cm and the latter 0.71 cm in diameter. At 55° the lesions ap-

cared on both lots on the fifth to sixth days, and the average of all
esions wus 0.88 cm on the tenth duy, when the {ruits were green to
pink in color. At all Temaining temperatures there was no differ-
ence between fruits in lot 1 and lot 2.

As is shown in table 1, difference in growth rate at the various
temperatures began to appear about the eighth doy in those tempera-
turesthat permit ripening of the fruits to take place. Even after that,
owing to differential ripening of individual fruits, there were daily
fluctuations in the curve, which should have its peak at the optimum
of 70° F. Often, too, the lesions developed more extensively within
the locule than on the surface of the fruits. Such inner development
could be observed only when the fruits were cut open; consequently,
it is noted after the tenth day and helps to explain such irregularities
as occur in the curve at 60° and 65°,

Since green fruits ripened more rapidly at 75° F. than did those at
70°, the 1initiation of decay took place earlier at 75° in most cases;
conscquently, the average diameter given for 75° is as high as that
ot 70°. However, when fruits were sufficiently mature to ripen
quickly at 70° the fastest growth rate occurred here. In most experi-
ments with green fruit the optimum occurred at this temperature,
but in those cases in whieh the fruits ripened much faster at 75° the
fastest growth rate occurred at 75°, the difference in growth rate de-
creasing as the fruits in the 70° temperature ripened. It will be
noted from the curve of daily growth rate on agar plates (fig. 5) that
the optimum for growth occurred at 70°, but that the rate at 75°
was only slightly less. When ripe fruits were inoculated the optimum
was always 70°.  TFor a comparnison of growth rate on green and ripe
fruits at temperatures of 65° to 75° compare tables 1 and 5.
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TavLe 5—Phomu lesions on ripe tomale fruils held ol various temperatures for &
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Though fruits ripened quickly at 80° F. there was a decided drop
in the growth rate of the fungus in the tissues, the lesions averaging
only 0.90 cm in diameter in 10 days, while 33 percent of the fruits
showed no decay. At 85° also, 33 percent of the inoculations failed;
on the remaining 67 percent there was slight development for a few
days and the growth ceased. When thie lesions, averaging 0.64 cm in
dismeter, were cultured on the ninth day they were found fo be doubt-
ful to very slightly positive, although the fungus was still alive.

Old strains kept for several years under artificial culture and non-
pycnidia-forming strains obtained by saltation from pure cultures of
recently isolated pyenidis-forming strnins advanced more slowly
within the tomato than did recently isolated sirains. Although the
lesions produced by the saltants appeared identical with typical forms
in the earlier stages of decay, they failed to develop pycmdia on the
surface in the advanced stages.

DISCUSSION

Since Phoma destruetiva grows so slowly in green tomatoes and the
initial infections about the stem scar sre so easily overlooked =nf
packing time, it is not surprising that the disense caused by it is pri-
marily & transit and market disease of southern-grown tomaioes.
Yet, as with the other tomato-rotting organisms, its ability to with-
stand low temperatures and to resume activity af ripening tempera-
tures make it impossible to control the disease once infection has taken
place. Storage at 45° F. of already ripe fruits having small lesions
might, however, preserve them from more rapid decay until they
could be marketed.

The fact that the fungus grows » third again as fast at optimum
temperatures on the less acid medium and that the growth rate
increases as the acidity of the agar decreases, is in keeping with the
very slow advance of decay on green fruits and the more rapid rate of
decay as the tomato ripens. Phome is most destructive on ripe
tomatoes, and the indications are that the change of acidity of tomato
fruits during the ripening process is one of the imnportant facts favoring
rapid development of the rot in both turning and ripe fruits during
transit and storage.

CLADOSPORIUM FULYUM
ACGAR PLATE CULTURES
The strains of Cludosporiuwm fulvum Chke. isolated from tomatoes

received on the market tended to sporulate profusely on the mediz
employed in these tests and to produce practicelly no mycelial growth
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at any temperatures save 60° to 70° F. Within this range o uniform
myceliat growth took place, producing a circular, well-developed
colony thut bore & velvety dark-green layer of normal spores. 1t will
be noted from the growth curve 1n figure 6 that the daily growth rate
within this temperature range was much greater than at temperatures
above and below, where the colonies were very small, irregular in
outline, and greenish brown in color and the spores varied more in
stze und shape.

The optimum for growth occurred at 70° ¥, at which temperature
the daily growth rate on the more acid medium was 0.41 em and on
the less acid 0.43 enr. Tt Is interesting to note that at temperature
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below G0° the [ungus grew slightly more rapidly on the medium of
pll 4.7, whereas at 60° and above, the medium of pH 6.01 favored
more rapid growth. These differences were very slight, however,
and in the inceulation experiments here conducted thers was no evi-
dence that the organism grew more rapidly on the more acid green
tomatoces than on ripe ones st temperatures lower than 60°.

The minimum for growth was 32° to 35° F., the average daily
growth rate being 0.03 em. The fungus was not killed, however, by
3 days’ exposure ab 30° to 32°.  Gardner (£}, in working with a stem-
end infection of greenhouse tomatoes, reported no growth on potato-
dextrose agar at 2° C. (35.6° F.), but his other figures agree well with
those for the strain here considered. He found that the optimum
temperature for growth coincided with that reported by Makemson
(5) as 20° to 24° (. (08° to 75.2° F.). Gardner states that no growth
vecurred at 35° C. (95° ¥.). In the present writers’ tests the maxi-
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mum for continuous growth of 1 weck was 85° F., the average daily
growth being only 0.02 t0 0.03 cm. At 1° above this the fungus failed
to grow after the first 2 days, and at still higher temperntures no
growth took place after the first day, during which the cultures had
not yet reached the temperature of the incubator. Although no
growth toolk place at temperatures around 87° to 93° the culture was
only rarely killed by & week’s exposure to such temperstures. The
myecelium was killed, as evidenced by microscopic examination and
failure of the colonies to resume growth until 4 or 5 days after removal
front the incubator. New growth scemed to result from the germina-
tion of some of the more hent-resistant spores.  Smail (18) found tho
thernial death point of the spores of Cladosporium to be 115°,

TOMATY INOCULATIONS

Under the conditions of these experiments Cladosporium fulvum
produced very littlo decay. There was no decay in 10 days’in any
fruits held from tho day of inoculation {lot 1) at temperatures lower
than 45° ., and those of lot 2, which were held for 1 day at room
temperature first, showed only doubtful evidence of lesion develop-
ment on the tenth dey. However, the organism was still alive within
the fruit even after 10 days at 32° to 41°.

At 50° F. 25 percent of the inoculated green fruit showed small
tesions at tho conclusion of the tests, while at 55° and at 60° the per-
centage of infection wes doubled but the lesions still measured about
0.5 em on the tenth day. Even at 65° and 70°, where there was 66
pereent and 54 pereent infection, respectively, the external lesions on
green fruitsdid notaverageover 0.5 emin diameterin 10 days, although
in somo enses tho fungus spread out in the locule so that the ares
covered with mycelium was greater than 1 em in diameter and the
average internal diameter of all lesions was about 0.7 em. Those ab
70° were very slightly if any larger than those at 65°.

Sometimes the fungus formed merely » thin mycelial mat between
locule wall and pulp, although usually it sporulated freely within the
moist eavity; but frequently it attacked the sceds, darkening them
or forming spores on their surfaces. No soft decay of the pericarp
tissues occurred unless bacteria found entrance, but the presence
of the myecclium in the carpel wall was evidenced by the brown to
blackish network visible on its inner face. Gardner (2) makes note
of o similar symptom in the subepidermal tissucs of some infected
fruits in the greenhouse, A greater amount of internal infection oc-
curred in green fruits held nt 65° and 70° F. than at 75°. At 75°
there was scarcely any surface development, the average lesion being
only 0.3 em in diameter after 10 days, and but 33 percent of tho inocu-
Intions resulted in the production of small lesions or in fungus dis-
coloration within the seed cavity.

The extent of the surfuce lesions on the inoculated ripe tomatoes
was not much greater than that on inoculated green ones, averaging
but slightly over 0.5 em in dinmeter even at the optimum temperature
for growth. However, the dismeter of the inner infected aress aver-
aged 0.71 emin 10 days at 65° F., 1.08 em at 70°, and 0.91 em at 75°.
"Thers was no cvidence of lesion development on either green or ripe
fruits at 80° or at 85°. Several attempts to reisclate the fungus at
the cnd of the test exposures of 10 days in these incubators by re-
planting the dried inoculum on agar plates failed. Evidently the
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fungus died more quickly in the humid atmosphere inside the toma-
toes than it did on agar plates held at the same temperatures.

The greatest deveTopment of Cladosporium within the tissues oc-
curred in those fruits that were held st optimum temperature {65° to
70° 1.} and exposed to more humid conditions than those used in the
rest of the temperature experiments, In one test in which the to-
matoes were kept in & saturated atmosphere in moist cliambers someo
lesions spread out in the interior of the carpel wall or throughout the
adjncent seeds to o dismeter of 1.5 to 2 cin.  There was no case such
as that produced in natural stem-end infeetion of greenhouse fruits
or that reported by Reinmuth (14) as ocenrring in the field. Neither
Makemson () nor Uardner (2) were sble to produce this type of
deeny by artificinl inoculntion.

DISCUSSION

It iz evident from these experiments that Cladosporium fulvum is
nob & very virulent %mthogen umler ordinm'ly conditions of transit and
stornge.  Nevertheless, it occurs frequently on tomatoes from Cali-
forma aid Mexico (12, p. 14), usually occurring as small lesions in
shoulder bruises or following inseet or other injury. Sometimes o
dozen or more lesions occur on one fruit. In some yeuars it has oc-
curced frequently on the Chicago market as p sccondary organism
following nailbead, especially on Mexienn fruits, and often when these
two weale pathogens occurred together tho resultant lesion reached
1 em or more in diameter, wheregs either pathogen by itself would
Lhave made only @ smaull lesion. Under proper conditions of field
infection pure Cyfadosporimn lesions may reach a diameter of 1.3 em
by the time the fruit 18 ripe on the market (12, p. 15), and in any case

of infection it offers an opening to more rapidly developing decay-
producing organisms.

ALTERNARIA SOLANI
AGAR PLATE CULTURES

Allernaria slani {ElL. and Martin) Jones and Grout produced an
abundant growth of grayish-brown to dari-brown myecelium through-
out o wide range of temperatures and on potato-dextrose agar showed
tho characteristic yellow pigment diffusing through the agar with the
development of a brick-red to wine-red color on older colonies, espe-
cially at higher temperntures.  On the more acld medium the yellow
color was more predominant than on the less acid medium, The de-
velopmens of the wine-red color as the colonies increased in size was
douhtless tied up with the change in acidity of the medium toward
the neutral side, described on page 18.

This fungus was not killed by 3 days at freczing temperatures (30°
to 329 ), but no continuous growth was produced below 35°, wlere
the average daily inerease in dinmeter for a weck’s growth was about
0.05 em.  Although tho better growth was consistently made on the
foss neid agar at all temperatures, the difference in the neidity of the
pE 4.7 and pH 6.01 media did not greatly influence the growih rate
of the fungus except at 70° to 85°, where the colonies growing on pH
6.01 were decidedly favored (fig. 7).

Tho optimum temperature for development on both pH 4.7 and
plf 6.01 medin was found to be S0° . At this temperature colonies
on agar of both acidities grew so rapiily that they practically filled
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the Petri dishes during the week in the incubator, those with the less
acid medium often being full a day before those with the more acid
agar.

gAt 75° andl 85° F. the growth was slightly less, but there was &
decided decrense in growth rate at 90°. At & mean temperature of
95° the fungus grew steadily with a daily increase of slightly under
0.2 cm, but when the temperature wes raised to fluctuate about 96°
the fungus sometimes grew steadily for s week and sometimes did
not grow alter the first day. The maximum lay somewhere near 95°
to 96°, und it is believed that the temperature at which the inoculum
had been growing previously had something to do with its ability to
grow slowly or not at all in an incubator fluctunting between 83° and
99°. Monteith and Dahl (6) found this to be true of Ehizectonia.
Randsa (/8) gives a wide range for the maximum temperature for his

otato strain of Alternarie soluni, which he found to have & maximum

etween 37°% and 45° C. {(98.6° to 113° F.). The other eardinal tem-
perutures for the tomato organisims correspond very well with thoso
he cites for his potato strain, 1. e., minimum 1° to 2° G. (33° to 36°
) and opthnum 26° to 28° C. (79° to 82° I.).

TOMATO INGCULATIONS

The optintum temperature lor development of alternaria rot on
green tomatoes was 80° I at which temperature the first symptoms
of deeay were visible on the second dry and the aversge surface dinm-
eter of lestons on the tenth duy was sbout 0.9 em, with the inside
dismeter of the lesions averaging about 1 cmn. From 50° through
65° the avernge dinmeter of the lesions developed in 19 doys was
slightly over 0.5 em, but the decey penctrated to & depth of 8.8 em.
No decuny occurred at temperntures lower than 45°. At this temper-
ature there was no visible lesion development until the tenth day, at
whielh time the average dinmeter was less than 0.5 em but the lesion
penetrated to & depth of 0.8 em.

At 75° T, the surface diameter of the lesions was only 0.7 em, but
many of them spresd out under tho locule wall so that the internal
dinmeter was slightly over I em. The lesions a6 70° developed niore
uniformly through the locule wall and the locule and averaged 0.85
ent surface dinmeter with no additional spread within.  Af 85°, the
avernge surface dinmeter was 0.65 cm with & few lesions spreading
out slightly wider within thie locule. No inoculations were made at
temperatures higher than 85°,

With the exception of the minimum tempernture ab which alternaria
rob develops in tomaloes these data furnish a striking contrass to
those obtained by Gratz and Bonde (3) for the development of alter-
naria rot In potatoes. In storage cxperiments they found the min.
imum tempersture for development was about 5° to 7° C. (41° to
44.6° F), the optimum 13% to 16° €. (55.4° to $0.8° F.), and the
maximum nbout 25° C. (77° F.).

On ripe toematoes the decay developed very much more rapidly than
on green ones. Ab the oplitnum temperature (80° F.) the lesions
were about 1.5 vm in diameter in & weck and 2.35 em alter 10 days,
penetrating to o depth of 1.4 em.  They ranged from 1.5 to 4.0 em
m cliameter on the tenth day. Lesions 1.0 to 2.0 em in diameter
developed within o week at ripening room temperatures (65° to 73°).
Rands (73}, who inoculated tomatoes in the greenhouse with his
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potato strain, found that after 15 days there was only slight invasion
nbout the points of inoculstion on the green fruits, whereas with the
ripe fruits almost complete rotting occurred.

DISCUSSION

Alternarin solani, which grows much better on vipe [ruits, displays
quite & marked dilference in growth rate on agurs edjusted to the
acidilies of green and of ripe tomatoes, wherens A. tomato (sce Inter
discussion) shows practicnlly ne difference in development on tho two
medin and is almost entirely a parasite of green tomatoes, . soland
grows so rapidly at termperatures of 70° to 85° I, that stock held in
the ripening room very olten shows great loss due to this organism
(12). 5o quickly does it progress through the tissues once 1t hns
gained entrance through some wound or lesion cgused by ancther
organism that infecled fruit has little or no market vnlue. This
organism is often lound associnted with |, tomato, which is uble to
penctrate the skin ol green {ruits and to muke small nailhend lesions
thut offer necess to the deeny-producing L. solant.

ALTERNARIA TOMATO
AGAR PLATE CULTURES

As in the ease of some of the other fungi, Allernaria fomato {Cle.)
Brinkman * was able to withstand several days of exposure to tem-
perstures as low as 30° to 32° F. and remain alive, but the minimum
for a wecek’s continuous growth on potato-dextrose agar plates was
356°, where the avernge daily growth lor o week was but slightly over
0.05 emoon both medis.  Anabundant growth of grayish-brown mycel-
ium, not so dark as that of . selent, was produced on both p¥ 4.7
ond plt 6.01 agar through » wide ronge of temperatures, and there
was only very slight dillerence in growth rate on these two media
(hig. 8).

The fungus showed a very rapid rate of development, particularly
ut the higher temperatures, the most rapid growth being muade at
§5° . This optimum is 5% higher than that of ARernarie solani,
which is generally considered one of the high-temperature organisms,

From an average daily increose in diameter of 1.16 em on pi 4.7
agoar and 1.20 e on pIl 6.01 ague at 85° F., the growth rates dimin-
ished to 0.53 and 0.58 cm, respectively, ot 90°. The maximum tem-
perature of o week’s continuous growth of about 0.1 em daily on agar
of both series was 92° to 83°, although in some instances slight growth
occurred for 4 or 5 duys at 95°.  In an incubator whose temperature
ranged [rom 93° to 99°, no growth occurred except [or one colony on
pH 4.7 agor which grew very feebly for 5 days and then ceased
growth, All colonics remained alive, however, with the exeeption of
one whieh lfor no detectable reason {as compared with the other col-
onies) was killed by 7 days’ exposure to this temperature.  The max-
imum for this organism quite evidently is lower than that for Alter-
nurie solani, wlhich is able to resist the higher temperatures for a
longer time. OF caurse, the choosing of 7 days’ growth as the stand-
nrel for measuring maximum growth s purely arbitrary, but it was
found that whenever the reaction to a given maximum temperature
of wll the colonies in the several dupliente experiments was consistent,
zrowth usually continued over n week’s time.

 Pagr senssion of name sen Drinkmon (.
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TOMATO INOCULATIONS

Tomato fruits inoculated with Allernaria tomato showed no evi-
dence of deeay in 10 days at temperatures lower than 50° I, except
in those fruits held for 1 day at room temperature before exposing to
low temperatures. In these lots there was very slight evidence of
decay on the eighth day both at 32° to 41° and at 45°, the average
dinmeter of the lesions on the tenth day being 0.50 cm in the former
and 0.52 cm in the latter, At 50°, 55°, and 60° lesions showed slight
signs of infection on the fifth day, and the average diamcter on the
tenthday wasslightly over 0.6 cm in each case. At 65° 70° and 75° the
avergpge diameter of the lesions on the tenth day was about 0.7 cm.
At 80° the average external diameter of the lesions was no larger than
ot the three preceding temperatures, but an occasional lesion spread
quite rapidly inside the locules, averaging about 2.5 cm in diameter
inside by the conclusion of the oxperiment. At 85° there was a
greater number of large lesions, the decay spreading more rapidly
both inside and outside. On the tenth day the average surface
dinmeter was 1,20 em and the internal diameter 1,40 em, with an
average depth of 0.75 cm.  Rarely & lesion reached 3.0 ¢m in internal
diemeter end 1.2 cm in depth. No inoculations were made at higher
temperatures,

Ripo tomatoes decayed more rapidly and more uniformly than
green ones.  In o week, lesions 1.5 ¢m in diameter occurred at ripen-
g reom temperature (75°) and £.5 cm in diameter at the opti-
mum temperature (85°). DBy the end of the tenth day in the ripening
room the losions were over 3 em, whereas at the optimum they aver-
aged about 4 cm.

DISCUSSION

In spite of the foct thut Alternarie solani has a greater resistance to
very high temperatures than A. tomate, the optimum of the latter for
growth on agar plates is higher, and under the conditions of these
experiments it was able to prodice larger lesions on both green and
ripe fruits.

Although when extensive deeay is produced by A, temato such deca
develops faster on ripe than on green fruits, nevertheless A. tomalo 15
best known as n parnsite of green tomatoes, on which it is able to
produce small lesions, usually not more than 0.5 c¢m in diameter,
without wounds being necessary, if infection occurs while the green
tomatoes are still young (76). In the light of this characteristic
ndaptability for infecting greea fruits it is not surprising that the
fungus was able to grow almost equally well on the pH 4.7 and the
pH6.01 media.

Infections of tomatoes by Alternaria tomato are usially confined to
the nailhead typo of lesion, which seldom reaches & diameter of over
6 cm and enlarges very little in trunsit and storage (10); therefore
the small size of most of the lesions In the present experimental inocu-
lations is not surprising. However, the organism is occasionally
found in the fields, causing a much larger spot, which Rosenbaum
(4/5) designntes as a ‘“‘sprending Macrosporium spot.” Strains of
4. tomato 1s0lnted [rom such spots he found were capable of producing
typical nailhead spots when young green fruits were inoculated,
without injury, with cultures of the organism,
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The writers have made repeated isolations from large lesions
centered about nailhead spots and have found that both Alternaria
{omato and A. selani were capable of producing such lesions.  Although
the cousal organism was more often the latier species following the
naithead as a secondary organism, the occurrence of A. fomalo in this
enpacity was quite frequent and the resultant lesions were often as
large as those found in the present inoculation tests at the higher
temperatures, It would seem that if conditions permit the entrance
of tlie nailhead organism into the inner locule, it is capable under
favorable conditions of developing & more extensive decny. In the
present teslg this was dne to the fnct that inoculations were made
into wounds; in the fleld it could occur in those old neilhead lesions
which sometimes show n break or erack.

PLEOSPORA LYCOPERSICI
AGAR PLATE CULTURES

Pleospora bycopersict E. and E. March grew very well on media of
both hydrogen-ton concentrations, although at all temperatures it
grew slightly botter on the less acid medinm {pH 6.01). The differ-
ence between the more acid medium (pIH 4.7) and the less acid was
more marked at the temperatures near optimum for growth (fig, 93,
This is in keeping with the relative pathogenicity on green and ripe
fruits, since Pleospore grew better on fhe ripe fruifs whose fresh
expressed juice avemgef about pk €.01.

‘The strains of Pleospora lycopersici causing decay on tomato fruits
were found by Ramsey (9) to have a marked tendency to develop
saltants, especiaily when they had been rcecently single-spored.
Some of these saltants cease to produce perithecia and the type of
mycelial growth of the Pleospora mother strain, but develop instead
o heavier myeelium producing only Aucrosporium-type spores.
When such a saltant was grown at temperatures of 70° to 80° F. it
grew at a faster rate than did the unsaltating parent strain, as shown
in figure 9. Below and sbove these temperatures there wes no differ-
enge in growth rete between the Aducrosporium and Pleospora type
subcultures,

This difference is especinlly interesting because the Macrasporium
phase of the fungus developed optimum growth at 75° F. whereas
the Pleospore phase had its optimum for growth at 70° (). Conse-
guently, the differences in colony size were especially great nt the
femperatures bebween 70° and 80°, at which the Mac osporium was
stilt growing vigorously while the growth rate of the Pleospora stage
was dropping off. Tﬁis ability of the Maerosporium stage to do
better a$ higher temperatures than the Pleospora stage results in &
difference in pathogenicity on fruits held at higher temperatures.

The minimum for both stages of the fungus on potato-dextrose agar
was 32° to 34° F., where the daily growth was 0.06 cm on pH 4.7
medium and 0.07 cm on pH 6.01 medium. The crganism was not
killed by 10-days’ exposure to this temperature, nor by a weck ot $3°
to 87°, although no growth was made after the first day a6 the latter
temperature. At 90° the growth ceased after the third day, and even
at 87°, where the average daily growth for a weel was 0.07 cm on the
pH 4.7 agar and 0.09 cm on the less scid medium {pH 6.01), the
growth ceased after the sixth day.
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TOMATO INOCULATIONS

All of the [ruits in ot 2 hell at temperatures of 50° F. and lower
developed lesions averaging about 0.60 ¢m in 10 days. The lot 1
fruits placed at 32° to 41° were still negative on the tenth day but
developed lesions when removed to room temperature.  Some of the
lot 1 tomatoes at 453° showed slight decay on the tenth day; others
were negative; but all of those held at 50° showed early signs of decsy,
the aversge dinmeter of the lesions at this tine being 045 cm.  In
fruits of both lots helld ot 35° the lesions appenred in 7 to € days and
averaged 0.68 em at the end of 10 days, whereas on the 60° fruits the
lesions showed up on the filth duy and averaged 0.90 em on the tenth
dny.

Although the optimum growth of the Pleospora stage of this organ-
ism on artificivl medium wiug found to take place ot 70° I, the faster
development on green Mulis took place at 65° where the lesions aver-
aged 080 em in 10 days on the surface of the fruit, but spread out in
the locule Lo an average dinmeter of 1.2 em and a depth of 0.80 em.
The lesions developing in the same length of time at 70° averaged
0.60 em in dismeter on the exterior of the fruit, but 0.85 em internal
dinmeter with a depth of 0.60 em. At 75° the lesions did not spread
out Tnr through the internal tissues but were more uniform in size,
averaging 0.60 em in diameter with a depth of 0.77 em,

AL 8§07 T, the lesions were only 0.5G em in average dismeter at the
encl of the experiiment, though rarely o lesion developed to 1 cm or
more in diameler; this might have been due to the development of
the Macrosporivm stage, which grew fuster at 80° than the Pleospore
stage. At 853° the inoculations were negative to doubt{ul.

The pereentage of pleosporn decay was slightly greater, and the
deeny also developed faster on ripe fruits than on green fruits at
ecomparnble  temperalures. Lesions on ripe tomatoes developexd
slighily faster nt 70° than at 65° I8, although lesions at both fem-
peratures nveraged in exterior diameter about 1.5 em after 10 days,
and in both enses there was 65 pereent deeay.  There was a noticeable
drop in the pereentage of decay {54 percent) and in the diamaeter of
the lesions in fruits held at 75%, the average diameter heing 0.85 em.
At 80° the comparable diameter was 0.65 em and only 33 percent
infeetion ocewrred following noculation.  However, when inocula-
tions were made on ripe tomatees with a culture that showed only
the Maerosporinm slage thers was &4 percent decay at 80° and the
lesions avernged about 1 em in diameter. At the end of 2 weeks
these lesions had reached an average dinmeter of 2 em and were still
free {rom contuminations.

The Macresporium stage grew faster than the Pleogpare. slage at
75° F. also, but at 70° the Pleospore stuge developed slightly larger
lesions In the same petiod of time, while nt 65° and below there was
no differcnce in growth rate within the fruit.  This is quite in keep-
ing with the growth rate of the two stages on agar plates, for the
Pleospora stage had its optimum at 70°, whereas the Mecresporium
stne grow most rapidly at 75%0 Ou plates held nt 80° also, the
Muaerosporivm stage grew much faster than the Plesspora stage, but
nt Lemperstures above amd below these mentioned there was no
diiTerenee in growth rate.
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NISCUSSION

That the change in acidity during ripening is one factor in the more
ropid (lovv]opmont. of deeny on ripe fruits is indicated by the fact
that the fungus consistently grew better on the less acid medium.

Pleaspora 1s able to develop slowly in both green and ripe tomatoes
ut low tempernlures, but most rapid development of decay takes
plaee at those temperntures usually found in tomato-ripening rooms.
Since both the Maerosporium sarcineeforme Cav. stage (8) and the
Pleospore stage are nble to enuse decay, tetmperatures favoring either
phase of fungus growth will Invor deeay.  The optimum temperature
for lesion development is made more extensive in range, since the
Muaerosportum slage is able to develop at tempersiures higher than
those favoring [nstest spread of the Pleospore stage in the tomato
{tissues,  The Tungus is essentially » high-temperature orgenism, and
so Jar the disease has heen limited o California and Mexican stock,

SUMMARY

Tn an attempt to determine influenees of temperature and maturity
of frnits npon development of deeay afler tomatoes leave the pnclung
hotse, studies of growth rale were made with pure cultures of nine
OrEnnIsms (‘mnm()nl) found producing decay of totneto fruits during
transit aul storige.

The duily dinmetric growth of colonies of the organisms was deter-
mined on two series ol Petri«dish cultures grown on potato-dextrose
sgar of pil 4.7 and of pH 6.01, respectively.  The first corresponded
in aridity to the avernge ]v,*dmfron-mn concentration of the juice of
green fruits of the variety employed in the inoculation tests; the agar
in_the second was adjusted to the average acidity of the rlpc ~tomato
juiee,  The plnlva were held in incubators ranging from 30° to 95° I,
nb intervals of 5°

The rale of dev r~|upmont was studied on green and on ripe tomatoes
inneulated with pure cultures of the olrfmusms anel held at tempera-
Lures ronging [rom 32° 1o 853° I, at 3° mtervals,

¢ auimul tempm atures given were determined by comparing aver-
agze daily inerense in dintater of colonies grown for 1 week on Petri
dishes ¢ ontaining potiuto-dextrose agar of 1)1_[4 7 and pEL6.01. Unless
exceptions are stated, the curdinal temperatures for lesion develop-
ment on tomatoes agree with those gi\'en for growth on agar. No
inoculated tomatoes were held above 83° T, If the maximum lies
above thig temperature, determinations were made from growth on
ngar Jlates only.

16 was found thut Fusarium semitectum Berk. and Rav., Phoma
destructivee. Plowr,, Aflternarie solani (K. and Martin) Jones and
Grout, and Pleospora lyeopersici E. and E. March, as well as the
conidial stage (Macrosporium sarcineeforme Cav.) of the latter, ull
grew much hetler on tho agnr of pH 6.01 then on that of pFL ‘47,
This i in keeping wilh the fact thut lesions induced by thiese orgnnisms
grew much faster on ripe fruits than on green ones. It would indi-
cite That change in acidity of the tomate during the ripening proeess
is an importunt Metor in determining their ﬂhlhty to pr oduce grouter
doeny on ripe fruits, I the ease of P destructiva there was o marlced
mcerease in rate ol decay as green fruits began to turn red,
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While Rhizoctonie solani Kiihn and Melanconium sp. grew some-
what better on the agar of pH 6.01 at those temperatures at which
best growth took plece {65° to 85° F.), there was no marked dif-
ference in growth rate on the two sets of media. Both of these fungi
are sbie to produce large lesions on green tomatoes, slthough bot,
grow somewhat better on ripe fruits.

The strein of Melanconsum sp. causing ring rot of fomatoes
develops most rapid growth on agar and on tomatoes of all stages
of maturity at 80° I*. The maximuwn temperature for growth on
agar plates was 90° to 95°, no growth occurring at 93° to 97°, al-
though the colonies resumed growth when removed to room tem-
persture. The fungus wes not killed by a week st 33° to 38°, nor
did it grow on agar plates held at 37° to 41° for 10 days; but in
fruits inoculated and held for a day in the room before exposure to
& temperature of 35° to 41°, slight evidence of lesion development
was noted on the tenth fo eleventh dsys. The minimum for a
weel’s continuous growth on the agar plates was slightly higher than
this, 45°. Optimum development on both tomatoes and agar took
place at 80°.

Ridzoctonia solani developed optimum growth at 80° ¥, lesions 8
cm in diameter occurring on tomatoes in 10 days at this tempera-
ture. The maximum temperature for a week’s growth on agar
plates was 90° to 95°, although feeble growth (chiefly beneath the
surface of tlie agar) occurred at 92° to 95°. The mycelium was
kiled by & weelk ot 95° and at 35°. It was sometimes dead after a
week at 38°, and the minimum tempernture for scent growth on
agar plates was found to be 45° to 48°. Although the Igfuizoctonica
rematned alive in many of the inoculated tomatoes after 2-weeks’
exposures to temperstures runging from 32° to 41°, all inoculations
were negative if the tomatoes were held at temperatures lower than
50°, Lesions cnly 0.57 em In dinmeter developed in 10 days ab
this temperature on ineculated green fruits held for 1 day at room
temperature before being placed in the refrigerator.

A strein of Fusarium semifectum isoluted from decaying tomato
fruit and used for inoculation tests developed optimum growth rate
on both fruit and agar plates at 75° F.  The maximum temperature
for growlh on agar plates was 92° to 85°. The fungus was not killed
by & week ut £3°.  The minimum for & week’s continuous growth on
agar oceurred at 41° to 43°, although the minimum for develop-
ment of lesions on tomsatces was 45°. QCultures grown on agar
pintes ah 30° to 34° for 3 days were still alive, although those held
at 40° ceased growth in 2 days.

Colletofrichum  phemoides (Suce.) Chester is usually considered
& ripe rot, and in Inoculation tests here reported it grew much faster
on ripe than on green fruits; in green fruits lesion development was
speeded up as the tomaloes ripened. In egar-plate cultures, how-
ever, the growth raie on the medium whose acidity corresponded
to that of ripe-tomato juice was not much greater than on the more
acid medium. Tt appears that possibly other chemical or physical
changes occurring in the tomato during ripening are more important
than changes in reidity in influencing the development of decay.

Colletotrichum phomoides developed fastest at 80° F. both on agar
and on tometoes, but the minitnum ternperature, 35°, for growth
on agar plates was lower than that for lesion development, 45°.
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Colonies of the fungus on agar plates exposed for 20 days at 30°
to 34% were not killed even though no growth cccurred, nor were
those held for 4 days at 34° to 37° dead, although growth ceased
st this tempersture. The muximum temperature for continuous
growth on agar plates was 95°, very small sbnormal colonies devel-
oping in 1 week,

Phoma destruetiva had s much lower optimum, 70° ¥, han the
unthracnose organism (Colletotrichum phomoidesy and did not grow
ub such extremes of temperature.  The minimum temperature for
growth on agar was 40°, although the agar cultures withstood &
20-days’ expostro to 32° and the organism remained alive in tomatoes
held for 12 days at 32° to 41°.  The minimum temperature for decay
of fruits was 45°, the symptoms being very slight to doubtful on
the tenth day. The maximum temperature for development of
agar plates was 85°, at which temperaturs tomato inoculntions wers
doubtiully suceessful. The agar cultures held at 86° did not grow,
and those held for a week at 90° did not resume growth until the
third day after removel to room temperntures.

Newly solated pyenidin-bearing strains of Phoma grow slightly
faster and produced deesy more quickly than did old strains held
for several yeurs in artificial cullure or nonpyenidin-forming strains
obtnined by saltation,

There was no eonsistent difference in the reaction of Cledosporium
Julewn Cke. on agar of the two scidities used, the colonies usually
growing faster, however, on the less acld mediiun at temperatures
shove 60° F. The deeny produced by Cladosporium wns nob ex-
tensive on either green or ripe fruit, but at optinun temperatures
the organism spread out & little more extensively within the locule
of ripe fruits than in green ones.

Cladosporium fulrum had an optimum temperature for growth of
70° F. and o maximum on agar plates of 85°. At 86° no growth
occurred after the second day, and no growth took place in nn ineu-
bator whose dally fluctuation was 87° Lo 93°, Only rarcly was the
colony killed by the latier temperature, although microscopic exami-
nntion showed the mycelium to be dead and development of the
colony was not resumed until after 4 or 5 days ab room tempern-
ture,  Evidently some of the spores resisted the high temperature.
The minimum for growth on agar plates was 32° to 35° but the
colony remained elive for 3 days at 30° to 32°, Fruits held at 45°
showed only doubtful evidence of decay, though the organism
remined alive for 10 days in fruils stored at 32° to 41°.  Small
lesions oceurred at 50°. The oplimum for lesion development was
70°, but no deeay oceurred on either green or ripe fruits at $0° and
85°.

The optinum of AAlfernaria solani was 80° I, and its mininmum
35°. Its maximum temperalure for continuous growth, 95°, was
slightly higher than in the case of the nailhead organism. Some-
tines the [ungus continued to grow steadily for a week at 96°, but
ub other times growth ceased after the first day. The colonies on
agar did nob grow but remained alive ab 30° to 32°, No tomato
deeny veeurred sb femperntures lower than 45°,

Alternaria tomato (Cke.) Brinkmen, in contrast with A. solani,
1s more often o parssife of green tomatoes,  Correlated with this
13 the fuet that growth was only very slightly [nvored by the less
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acid agar, amd very rapid development of the colonies occurred on
agar of pH 4.7,

Alternaria tomato had a higher optimum temperature for growth
than any of the other eight organisms, i. e., 85° F. The maximum
for continucus growth of 1 week was 92° to 95°, although in some
instunces a very slight mycelinl development continued for 4 to 5
days at 95°. No growth took place at 93° to 99°. The minimum
for n week’s growth was 35°, although the fungus was not kitled by
o week b 30° to 32°. There was very slight evidence of decay on
the eighth diy in green fruits of lot 2 stored at 32° to 41°.

The minimum temperature for development of both stages of
Pleospora both on agar and on tomatoes was 32° to 34° F. How-
ever, the perfeet stage (P. lycopersici) had a lower optimum for
growth on agar, 1. e, 70°, whereas the best temperature for growth
of the conidial stage (Macrosporium sarcinaeforme) wus 75°. Both
stages grew equally well at all temperatures below 70° and above
80°, their maxitum for growth occurring at 87°. Growth ceased
alter the third day at 90°, but, although no growth vecurred at 93°
to 97°, the _ungus remained alive for o week. On ripe fruits the
optimum for lesion development of the Pleospore stage oceurred at
70° (as on sagar plates), but on green fruits its best development
occurred at 65° Strains of the Macrosporium stage grew faster
within the tomatoes at 75° and at 80° than did the perfect stage.

In the case of several of the fungi studied, as the green fruits
ripened the rute of spread of the organism within the tissues increased,
hut after the lesions had attained considerable size the growth rate
hegan to decrease, so that the average daily inerease followed a curve

that had its high point at approximately the time the fruit was just
turning red.  Therefore, in any one experiment the difference between
the dinmeters of lesions on fruits inoculated while green «nd the ones
on parailel fruits inaculsted after ripening decreased ns the green
fruit ripened.
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