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EFFECTS OF ULTRA-VIOLET LIGHT ON VARIOUS FUNGI

INTRODUCTION

Little work has been done on the effect of ultra= |
viclet light on fungi, although considerable study has |
been given to the action of these radiations @ﬁ green
plants and on animalse The previaus investigatiana
which have been conducted aleng this lIine indicate that -
net all fungi give the same reactioen to ultra-violet
light. In order to have a better understanding of the
general effects of thease rays em fungi, the experimenta
pregented in this thesgis were conductede.

It is the purpose of this thesis to present data
on the reactiom of a large number of fungi in an effort
to arrive at some possible correlation of the reaction
of the various species to ultra-violet light. This in-
volves a study of the effects of ultra-viclet radia~
tions on fungus sporulation, on changes aof growth and
metaboliam.

o -T£e~w;i;e; ;a;e; £l;a;u;e-i; ;cingwieag;n; ;he ene-
couragement and helpful criticism of Dr. L.W. Durrell
who suggested the study here discussed. He also wishes
to expregs his thanks to Mr. Edward Bodine, for his many
helpful suggestions given in methods of technique, and

his appreciations to Miss Mary F.Howe for her criticism
of the manuscripte

- e e
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LITERATURE

Light is a very active agent in the lives of both
plants and animals, whether its reaction be a stimula-
tion or a retardation in life processes is depehdent en»k'
tirely on the individuale

Brefeld (5, 6 7) found in some species of Coprinus
a complete suppression of fructification when plants
were grown in darknessg in other species fructificatiem
took place but growth was sligth He also showed that
the time required for exposure need not be very great,
two or three hours, and the plant would develop normally
though kept in darkness the rest of its growing periode.

Elfving (13} soughtto find the influence of light

on metabolism. He used cultures of Penicillium sppe

and a related fungus, (Briaraea sp.) growing in synthetic]
solutione. Basing his conclusgsions on the dry weights
obtained in the light and in the darkness, he decided
thét light acts as an inhibitor of organic synthesis,
or that light restricts vegetative growthe

The most conclusive work offered is that af Terntx 

(21) who, working with_Ascophanus carneus was able te

produce asci only when plants were under the influence of}

Chaudhuri (10) in his work with fungi states that
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zonation is caused by the effeets of illumination with
ordinary daylighte Zonation appeared only on illuminated|
plates which proves this point. Hedgecock (14} founa

in experimentes on zonation with Cephalothecium sp. that

light was the determining factor. He showed that variae
tion in temperature did not cause this zonation. He alse
found that light of different wave lengths had a differ-.
ent action on zone formatione

Visible light was used in the ébsve experiments
and it was found that its action was slow and hard te
check, especially eince some individuals were under ob-

gervance for only & few hours. This handicap caused the
investigator to search for‘snme kind of rays which would
give & fagter reactions Ultra-violet radiationa were
guggeated for this purpese. These rays act more readilxi
and produce chemical and structural changes in such a
way that the action can be easily traced.

The first work done on the actiom of light of
ghort wave length upon protoplasm was with bacteria and
one-celled animals (amoeba and infusoria}e. Downes and
Blunt (12) while using such organisms point out that the
destructive action of the light upon protoplasm ine
creagesg a8 the wave length decreasege. Hertel (17} cone
firme the same work in a statement that the destructive

action of light varies directly as the energy produced




b
&nd inversely as the wave length. BSovie (3) while
using Schumann rays noted that motile organisms
(amoeba and inftusoria) were stimulated by the actiom eof
these rayse. First causing an increage in action, follow4
ed by a loass of power of ceordination, and finally a
disintegration of tne living substance.

The main issue in the later work seems to be that
of determining the wave lengths responsible for the
abiotiec effects of these rayme Browning and Russ (8)
found the limits of germicidal action of ultra-vielet
light to be between the wave length of 2150=-29600
Angstrom Units. Radiations having a wave length be-
tween 2960-3800 Angstrom Units, exhibited no killing
effect upon bacteria which were treated. Bovie (3}
found that radiations of & wave length shorter thanm
2925 Angstrom Unitas killed bacteria and spores of cer=
tain fungi in ten minutes, while radiations of 25 An-
gatrom Unite longer did not kill in two hourse.

The exact action taken by these rays in causing
an abiotic actian to take place is not definitely
known. Bovie (3) considers this phenomena due to the
faet that light of shorter wave lengths (2800-2900
Angstrom Units) causes a coagulation of the protein
within the protoplasm of the cell. The production of a

vimible coagulum or protein is due to two reactiona, one
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that change eaused by light, the other a temperature
relation which is directly connected with this phe-
nomena. Barr and Bovie (2) shows that the ultra-viclet
rays are strongly absorbed by the atomic groupings of
the protoplasm, and the absorption of energy is accom-
panied by the atomic rearrangement due to chemical
changess The origin of protoplasm is one having its
beginning at the colloidial interfaces, and it cannet
be adequately considered without respect to time.

Henri (16) points out that the deamtructive actienm
of the ultra-violet rays toward the life of an organism
ig almost exactly proportional to the coefficient of
extinection of protoplasmg this proportionality indicates
that the action of ultra-violet rays on microorganisms
follows the law of photochemical adsorption, whiech has
been found for the majority of photochemical reactionse.
Thia proportionality also indicates that the mechanism
of the action of ultra-violet rays consists in a direct
reaction on the cellular contents and not in an indirect
action, such as the formation of HpOp et. The rays of
greateat destructive power only penetrate a few
thousandths of a millimeter into the interier of the
organism, and it is only for extremely small organisma
that the aection of these rays is analogous to & simple

photoehemical reactione
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K killing effect does not always result when &n
orgenism is treated with ultra-violet light. XMme. Henri)

(15) exposed cultures of Bacillus anthraeis in an aque~-

oug solution to ultra-violet light, for periods varying
from 1 to 40 minutes, and most bacteria were killed
immediately. Few survived and many of these showed
characteristics different from those of the typical
Anthrax bacilluse. Coccoid forms which remained stable
during a peried of two months - alse thin filamentous
forms not taking gram stains, nor liquefying gelatin,
nor curdling milk, and producing an infection entirely
different from anthrax inoculatione. This culture re-
mained absolutely fixed after daily sub-culturing for
more than 80 days. Gram positive coccoid forms after
pasgsing thru an animal made their appearance ( a part
at least) as true type bacilli, at least approximating
the typical anthrax typee.

The latest work with the action of ultra-violet
light has extended this study not only thru the
bacteria but has included almost every kind of organiam
knowne. Pichler and Wober (19} successfully treated
smutted wheat with ulfra-violet and Rotogen rayse
Stevens (20) while studying the effects of ultra-
violet radiations on fungi noted that certain plates

of Glomerella cingulata produced perithecia whem treat-
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ed, while those which were not treated showed no sign
of this stage. The culture under study was the result
of a gingle spore isolation and could therefore be con-
gidered as non-sexual, providing such existse. The
origin of the perithecia are visible two days after
radiation as hyaline globoge bodies and they can proe
bably be detected‘at & much earlier date, since unusual
branching occurs within a few hours after irradiatione

A1l the strains of G._cingulata tested gave gimilar re-

sulte. The activating region of the sgpectrum here used
was found to lie between the wave lengths of 2760«
3130 Angstrom Unitse. The effect is not the result of

& chemical change in the media ag produced by the
radiations, but is a direct response of the mycelial
cells to the radiationse. The same effect is secured as

would be expeeted from sexual formse.
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BATERIALS AND METHODS

Materialg -

The experiments to date on the effect of ultra-
violet light on fungi have been limited to a few geners,
and no attempt has been made to summarize its action on
various species. The writer has ecollected a large
number of genera from many different families for this
purpose. The gource of the variocus genera has been
rather varisble, yet reliable. The following table
shows sourceg and date of isolation of fungi usede.

Table l. Species (strains)of the fu.gi
used, their source and date of igsolatione.

Name of Organism No. Source Teolated
Absidia spinoss 20 Soil -~Colorade 1928
Altenaris porii 81 Onion leaves-Rocky Ford 1929
Altenaria porii 18 Onion leaves-Ft.Collins 1928
Altenaria solani 13¢ J.C.Gilman,F-2,Ames,la.
Altenaria spe. 149 Sugar beet leaf-Ft.

Collins (Stewart) 19829
Altenaria sp. 80 Gladioli leaf- Fte

€olline (LeClerg) 1928
Aspergillus eluvatus 11 E.L.leClerg~-Coloe.gs0ila 192%
Aspergillus flavus 14 B.L.leClerg-Colo.s0ila 1927

Aspergillus fumigatus T E.L.LeClerg-Colo.soila 1927
Agpergillus glaucus 16 E.L.IeClerg-Coloegoila 193%

Aspergillus mentii 8 E.L.leClerg-Colo.g0ila 1927
Aspergillus niger 13 E.L.leClerg-Colo.g0ila 1927
Aspergillus ochroceus 16 E.L.lLeClerg-Colo.soils 192%
Aspergillus terrens ¢ E.L.leClerg-Colo.eoils 1927
Aspergillus sp. 18 BE.L.leClerg~Colo.a0ila 192%
Aspergillus ape. 656 E.L.Le(Clerg-Colo.s0ils 1927
Aacohyta pisi 128 J.CeGilman, Ameg, Ia. 1929
Botryosphaeria ribes 1 On apple -from Arlingtonl928
Bagisporium gallarum 52 J. C. Gilman 1628
Bagigporium gallarum 138 J. C. Gilman F-25 l92e
Botrytis ape. 44 Gladioli bearing sclerotia
from Drayton 12/11/28 1928
Botrytis sp. 151 Onion bulb, Ft.Collina 1828

Cephalothecium roseum 36 E.L.IleClerg-Colo. soil




Table I (continued)
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-Name of Organism Noe Souree Isolated
Cumninghamella vertie=
cellata 34 E.L.LeClerg-Colo.s0il
Cephalosporium acre-
monium 142 J. C. Gilman F-2 1928
Ceragtomella fimbrata 22 O. H. Elmer 1927
Chaetmonium obvaceum 120 J. C. Gilman F-40 192¢
Coccomyces hiemalis 125 J. Co Gilman F-3& 1929
Colletotrichum lagen-
arum 3 Georgia - Stevens 1927
Colletotrichum linde- 1987
muthianum 51 0. H.Elmer,Nanhattan,Kans.
Colletotrichum pho- 2 0.He Elmer,Manhattan 1927
moides Kansas
Cercospora 8pDe. 82 D. Stewart,U. S. D. A. 1929
Ft.Collins and Arkansas
Valley !
Cercospora spe. 107 D. Stewart (2802) 1928
€ercospora &p. 108 D. Stewart (35-101) 1928
Cercospora 8p. 105 D. Stewart (25-301) 1928
Cercospora Spe. 109 D. Stewart (2801) 1928
Cercospora Spe 103 D. Stewart (35-102) 1928
Cercospora sp. 104 D. Stewart 2231;: 1928
Cercospora 8p. 106 D. Stewart (2202, 1928
Dipledia zeae 6 J. Co Gilman, Ames, Ia. 1928
Diplodia zeae 121 J. Ce Gilman; F=i2 1929
Discella populina 146 J. CeGilman F-3 1929
Fusarium callistephii 88 J. C. Gilman l1e28
Fusarium culmorum 24 Christen 1928
Fusarium conglutinans 28 O. H. Elmer, Manhattan 1928
Kansae
Fusarium batatis 28 0. H.Elmer 1927
Fusarium spe. 62 Agter - Ft. Collins 192¢
Fusarium spe 147 Aster root - Ft. Collingle2®
Fusarium ape. 88 Pine root - Denver 1929
Fusarium spe. 57 Onion bulb, Ft.Collins 192¢
Fusarium ape 61 Pea root - Denver 1929
Fusarium lini 137 J. Ce. Gilman F-34 1829
Fusarium lycopersici 131 Je. C. Gilman F-32 1929
Fusarium niveum 130 J. C. Gilman P19 1929
Fusarium orthoceras 86 Dewey Stewart 1929
Fusarium oxysporium
gladioli 141 J. C. Gilman F-43 192¢
Fusarium radicicoli 1'% J. C. Gilman F-28 192¢
Fusariwm trichothecioi-
deg 111 J. Ce Gilman F-29 192¢
Fusarium spe. 23 E.L.leClerg-Colo.s0ila 1928
Flat White 29 Sterlie mycelium isola-

ted from culture (216} 1928




-10m
Table 1 (continued )

Name of Organism Noe Source Iaelat&d
Glomerella cingulata 33 Stevens(Lemon)Calife 1927
Giberella saubinetti 54 0.H. Elmer (Vheat) 1947
Giberella gaubinetti 4 Barley 128
Gliobotrys albaviridis 48 O. H.Elmer ' 1927

Helminthogporium sativum 123
Helminthosporium terea 144
Hormodendron clados-

Je Co Gilman F-52 192¢

poroides 33 Colorado soil
Mucor spe 87 D. Stewart 1g28
Muecor erectum 126 J. C. Gilman ¥-45 1929
Mucor gleophilua 138 J. C. Gilman F-46 1929
Mucor glomeruls 145 E. L. LeClerg 1929
Mucer lausennensis 146 E. L. LeClerg 1029
Muecor racemosus 127 J. Co Gilman F-31 1929
Monascus heterosporus 151 Silage - Ft. Collins 1929

Macrosporium parasiticum 8Ip

From onions isolated 1928
by BE. L. lLeClerg. Also
obtained from germinating
P. herbaruym spares.

Penicillium communi 45 0. H.Eilmer 1927
Penicillium ecitri num 42 E. L. LeClerg-Cola.
, goil 1927
Penicillium ehrysogenum 47 E« L. LeClerg-€oloe
soilX 1927
Penicillium expansum 38 0. H.Elmer 1927
Penieillium gladioli 3% O.H.Elmer 1927
Penicillium purpurogenum 56 E. L. LeClerg-Coloe
goilX 1927
Penieillium stoloniferum 46 E. L. LeClerg-Colo.
goil 1927
Penieillium viridicatum 43 E. L.LeClerg-Coloe
goil 1927
Phoma bhetae (77) 94 D. Stewart-sugar beet
(77) 1928
Phoma betae (75) 92 D. Stewart 1928
Phoma betae (122) 90 D. Stewart 1928
Phoma betae ?71) 93 D. Stewart 1928
Phoma betae (70) 97 DeStewart 1928
Phoma betae (68 98 D. Stewart 1928
Phoma betae (76) 101 D. Stewart 1928
Phoma betae (80 91 D. Stewart 1928
Phoma betae (72) 96 D. Stewart 1928
Phoma ap. 148 D. Stewart 1928
Phoma betae (217} 32 Unknown
Phoma spe. 5¢ Aster root - Ft. Collins
1929
Phoma lingham 118 J. C. Gilman F-22 1929
Physalospora cydoniae 48 0. H.Elmer 192%7




Table 1 (eontinued)
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Name of Organism _No. _Source Igolated
Physalospora cydonae 143 J. C. Giiman ¥-18 1929
Physalospora fusca 17 Stevens 1927
Plactodiscellae venetas 118 J. C. Gilmen F-36 1929
Pythium spe. 83 D. Stewart-sugar beet
1928
Rhizoctonia crocorum 95 D. Stewart 1929
Rhizoctonia solani 102 Solanu tuberosum-
Greeley 192¢
Rhizoctonia sp. 160 Sugar beet 1929
Rhizoctonia gpe. 84 Solanu Jamegii-
. : Boulder 1929
Rhizoctonia ape. 30 Sugar beet-E.L.
LeClerg - 1928
Rhizopus nigricans 26 Amer. type culture
12004 1927
Rhizopus nigricans 27 Amer. type culture :
1201 1927
Selerotium bataticola § 0. H. Elmer 1927
Selerotium gladioli 11?7 J. C. Gilman F-185 1929
Sclerotium delphinii 136 J.C. Gilman F-30 1929
Sclerotium intermedia 112 J. Ce Gilman F-23 1929
Selerotium racini 122 J.C. Gilman F-26 1929
Sclerotiniadamericana 124 J. CeGilman F-49 192¢
‘Sclerotinia minexr ; 114 J. C.Gilman F-50 1929
Septoria gladioli(Can.) 132 J. C. Gilman F-16 1929
Septoria lyecopersici 118 J. C. Gilman F-21 le2¢9
Spores 216 31 Unknown
Trichoderma lignorum 55 Unknown ,
Ustilago zeae (Iowa% 116 J. €. Gilman F-11 1929
Ustilago zeae (Wis. 113 J. C. Gilmen F-9 192¢
Verticillium albo atrum 133 J. C. Gilman F-§3 1928
Vertieillium glaucum 152 Gardenia - Denver 1830

In some instances the source and date of isola-

tion has not been given,'due to incomplete recordae.

These culturesg were obtained from previous collections.

Methods -

The media used in the study of the effects of

ultra-violet radiation upon fungi were as followas

petata dextrose agar, oatmeal agar, cornmeal agar, cy=-
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tine agar "a% and “b”,’tyroaine agar, "a® and "b", pep-
tone dextrose agar, and malt solutione |

The potato dextrose agar was prepared by the usgual
methods used in the plant pathological laboratorieme.

The oatmeal agar was prepared by adding 60 grams
of finely ground rolled oats to one liter of water. This
mixture was warmed gently in a double boiler for 10 to
15 minutes, making a rather thin gruel. Twenty grams of
finely cut agar was stirred in at this stage and the heat
- held constant‘until it was all digsolved; distilled
water was then added to regstore the original volume.

The material was then placéd in flasks and steriligzed

in an auntoclave at 10 pounds pressure for 40 minutesme.
Fractional sterilization gave very good results with this
media (15 minute gterilization for three successive
days)e

Cyatine agar "a" was prepared by first making up
an ordinary non nutrient agar (50 grams of agar to
1000ce. of distilled water). Then éystine was added at
the rate of 4 grams §er 1000cce nonnutrient agar. It
was then placed in an autoclave and cooked for one hour
at 12 to 15 pounds pressure, filtered, poured into
flagka and sterilized in an autoclave at not over 12
pounds pressure for 40 minutes.

Cystine agar "b* was prepared very similar to “a®
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except that there was an alcoholic chlorophyll extraet
added and 20 cec. of chlorophyll extract was added per
1000 ce. of eystine *a® agar. (chlerﬁphyll extract was
made by grinding 10 grams of geranium leaves very
thoroughly and then adding 50 cec. of 95% alcohol to re-
move the chlorophyll.)} The media was then poured in
flasks, sterilized in an autoclave at 7-9 pounds pressure
for 40 minutes.

Tyrosine agars were made by & similar method, the
only difference being that tyrosine was ugsed instead of
cystine.

Peptone dextrose agar was prepared by adding a
StandardDunham's Solution (distilled water 100Qce.) to
1000ce. of non-nutrient agar agar, then adding 40 grams
dextrogse (2 per cent). The media was then treated the
pame a3 potato dextrome.agare.

Malt solution was prepared by adding 50 grams of
malt extraet to one liter of water. The golution waé
then placed in test tubes and sterilized in an autoclave

at 15 pounds pregsure for 30 minutesme.
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METHODS AND PROCEDURE

Cultural methods

The various organisms used were all treated under
similar conditionse OStoek cultures were maintained at
room temperature, and from these transfers were made to
poured sterile petri dishes. Plates were run in three
definite seriese. I. Plates which were placed imme-
diately in the dark and kept there throughout the ex-
verimente 2. Plates exposed to ordinary daylight fer
the entire periode 3.Plates which were placed imme-
diately in the dark and later (3 to 5 days)] exposed for
various periods to the aetion of ultra-violet radia-
tions. All the above plates were kept at a conatant
temperature ﬁhroughe&t the experiment. Room temperature
was about 22°C. while the incubator was run at 24°C. in
order to prevent a fluctuatione

In some cases it was found necessary to use single
aycré iscléticns. Thege were made in all the cases where
the organiem produced sporese. It was accomplished by
making a very dilute spore suspension and then streake
ing & poured agar plate with a sterile loop which had
been dipped in the suspensione The plate was watched
and when the spores began te germinate, the individual
gpares were removed with small bits of dgar to other

gsterile petri platese.
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 Methods of treatment of culturea

The colonies were placed under their respective con-
ditions and allowed to grow for a period of time. The
rate of growth of the colonies varied considerable, so
that not all colonies inoculated at the same time were
I ready to treat togethere Colonies were allowed to reach
about one ineh in diameter before treatment, except in the
case of very glow growers which were treated at about one-
half inch size. Plates to be treated were marked and set
aside so that their period of exposure would be known at
the time of irradiatione

The surroundings were then washed thoroughly with a
121000 solution of Mercuric Chloride so that all free
organisms would be destroyed and the possibilities of con=-
tamination would be removede The lids were then removed
from the plates and they were placed two or three at a
time under a Cooper Hewitt Mereury Vapor Lamp No. DC-6HDI
for periods varying from two seconds to four minutes, and
at distances ranging from 20 to 60 centimeters. The final
distance used in all experiments was 30.5 centimeters, and
the time was 30 secondse

Method of media treatment

Cystine and tyrosine agars were prepared as explain-
ed in the fore part of this paper, and previous to the

time of inoculation of the cultures the plates were placed
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| under the radiations of the ultra-violet light for a twe
hour periocde The purpose being to see if any action
would take place other than what is normally noticed in
the short radiationse Bailey (1) states that there are

no appreciable effects of ultra-violet radiations on medis
when it is exposed for periods less than two hours. The
plates were placgd in a sterile container on a glab of

ice 80 that the temperature eould be kept downe. If no
care Waa‘used to keep down the heat then a drying out of
the media occurred. Plates placed at 30 cms. from the
mereury tube reached a temperature of as high as 78°C.

in less than three minutes. Figure 1 shows the change in
temperature over various periods of exposure. These curves
gshow the average rise in temperature for & large number

of trialee. This shows the value gf keeping the tempera-
ture as low as possible. Potaté dextrose agar was also
treated but no appreciable change could be noted in the
growth of the organism on thege plates and on the plates

that were not radiatede

Method of growth studies

Plates containing potato-dextrose agar were inoculae
ted with mycelium of Mucor sp. No. 87. Growth was allowed
to continue for 36~48 hours before the study began. The

tops were removed from the plates and they were then

placed on a microscope stage and made stationary. Little
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care needed to be exercised here in order té prevent cone
tamingtian, gince the plates were only used for a few hoursi
The ultra-violet light was then fixed in suech a manner
that it would produce only a bteam of lighte. This wasg
accomplished by using & series of glits placed at right
angles to each other. The dimtance from the source of
light was 35 ems. A focus was made‘on'the growing point
of one filament of the hyphae and its rate ot growth ob-
gerved for a periocd before exposure to ultra-violet light
jwas made. Readings were made at 15 minute intervals teo
check the rate of growth and make possible the plotting of

a curve to show the exact effects of the lighte.

Method of using filters

Filters were used in order that & certain wave length
of light would be transmitted. Two filters were used
which had a wide range of transmission. The intensity of
the 1ight ia greatly decreaged when a filter is used
rather than the open are, therefore the culture must be
lallowed to remain in the light for a longer period of
time in order to get the same results as a short exposure
in the open are. The time allowed for the exposure of
eultures under the two filters was taken as two minutes.
The 1onger period of exposure made it ﬁecesaary to make

gome method whereby contamination could be kept downe

This was accomplished by removing the top from the plate
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&nd placing the filter down on the surface of the platee.
The filter was dipped in mercuric chloride previous to
the time of exposure. When the plate had been exposed
for the correct time the rilter was removed and the top
placed on the plate.

The filters used were filter A586 furnished by the
Cooper Hewitt Company, the other a red-purple glags fil-
‘ter 3.29mm. thick which was furnished by the Amersil
'Company Ince The transmission curves for the two filters
are shown in Figure 2 &8 furnished by the companies

manufaecturing these filterse.

EXPERIMENTAL DATA

Ak generalization of the action of ultra-violet light
on fungi has not yet been made. Some genera have bee&n
tegted quite thoroughly, yet no attempt has been made to
summarize the results. The work wnich has been con-
ducted in this laboratory has paralled the work of other
authors where the same species have been studied.

Table 2 gives a summary of the light reaction of
over one hundred species of fungi. There will also bhe
offered a gummary of several strains of the same species
which will show the variation that may be expected with-
in a known groupe

In the accompanying table (No. 2) it may be noted

that all but 35 species of fungi teated produced spores
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in daylight, and all but 38 produced spores in darkness.
Ultra-violet radiations caused spore production in all
but 28 species.

Spore ring formation is rather common in cultures
allowed to remain in daylight, 17 species were found te
produce rings under these conditions, while no cultures
were found to produce true rings in eomplete darknesse.
Twenty-seven species formed true ringe in irrsdiated
plateg with ultra-violet lighte Figure 3 shows a re-
pregentative spore ring formation, this ring was formed
under daylight eonditionss

Mycelial ring formation is entirely different from
gspore rings, and éeems to be due to a flattening of the
myeelial mass. Only QneAapeeiea produced this type ring
in daylight, none in darkness, but 65 species subjected
to ultra-violet light showed the phenomenae

No gpecies were found to produce perithecia in either
daylight or darkness, yet four specieas produced such in
irradiated platese

Nine species produced pyenidia in d&yiight, gix in |
darkness and giXteen in treated platese

Seieroti&l production seems to be favored by some
kinds of 1light, since 10 species produced gelerotia in
daylight, four in darkness and 1l in plates given ultra=

violet light treatmenis.
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Fig. 3. The above photograph represents typical
daylight rings as developed on an untreated plate of
Culture 216,




Fige« 3+ The above photograph represents typical
- daylight rings as developed on an untreated plate of
Culture 216
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Sixty-eight species showed & flattening of the my-~
celial mass by ultra-violet radiations, and a color
change due to irradiation was noted in 23 speciesge

The above summary gives an eatimate of the gross
differences in reactibn which we may percieve due to the
various treatmentge

It will be noted in Table 2 there is deviation from
the expected results in some cases, this deviation i=s
shown by subletteringe |

Kn « & khbtting of the mycelium, yet not forming
sclerotia. It is characteristic of R. crocorum and some
specieg of Mucor.

Ps = pseudae pycnidial or perithecial development,
knote of mycelium resembling pyecnydia or perithecia, yet
ne spores are formed.

Sc¢ = sclerotia, ordinarily flattened mycelial ringsa

are different from this type of heavy sclerotial ringe

'

X - gee gpecial noteg on Fﬁaarium for type of fruit
ing caused by radiationa.

The above table (No. 2) shows that most of all
gpecies of the same genus react similarily to ultra-
violet radiations. Whether this action be as a retarda-
tion or apparent stimulatione

The above table is voluminous therefore the experimen-

tal work which comprises the table will be shown under
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four separate headss
The effects of ultra-violet light (1) on sporula-
tion; (2) on growth; (3) on protoplasmic movements and

(4) on metabolisme

THE EFFECT OF ULTRA-VIOLET RADIATIONS
ON THE SPORULATION OF FUNGI.

The data presented by other workeras to date has shown
that there is an increase of sporulation in some species
of fungi when they are subjected to the radiations of
light of short wave lengths. In the aceompanying data
it may be seen that thisg apparent stimuiation may take the]
form of causing the perfect atage of & fungus to be pro-

duced ag in the case of Macrosporium parasiticum, or it

may cause the production of pycnidia in apparently sterile
cultures as in Phoma, or even in the increased conidial

production as found in the case of Penieillium and other

fungie

The process of sporulation is one whose cause is not
definitely known at the present timee. Coons (11)
guggested the theory that at any time after proper my-
celial growth has taken place that sporulation can be
brought aboute The means necessary to cauge tnie action
to take place depends upon the organism under questione
The chief cause being that some circumstance arises

whereby the conditions were not correct for mycelisl
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growth. He suggested light, heat, and food as being
possible causes of the phenomenone

In the experiments presented in the following dise
cuggion there nave been tested out two of the above
mentioned causesg, light and temperaturee.

It was found that various genera show a difference
in reaction to ultra-violet radiations. For instance,
the effect on the sporulation of Fusarium sp. was differ -
ent than that of Rhizoctoniaj for this reason, the more
important reactive genera will be discussed separatelye.
The tirst to be treated will be certain species of

the genus Fusarium.

FUSARIUM

The species of the genus Fusarium studied react with
a great degree of constancy toward ultra-violet radia-
tions. The chief reaction being that macrospores are
produced in great abundance in most treated cultures
wnile the checks show few to no macrospores. Microspore
production was apparently unchangede

Seventeen species and strains of Fusarium were test-
ed with the rays of the Cooper Hewitt Mercury Vapor
Lampe In the followingvtahie the host plant is recorded
as several of the cultures were unidentified and since
the main purpose of the work was that of determining

the reaetion of the group to the ultra-violet radiationsge.
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The identified strains will ve listed under their
gspecieg name while the unidentified straing will be list-

ed under the name of the host upon which they ocecurrede.

Table 3« Reaction of various strains of
Fusarium to ultra-violet radiationse.
Name —_ _Sporulation
Ultra-violet ] Darknegsg
MacropseMicrospet Macrogp. Microsp.
Fusarium (Aster '
‘ gtalk | Many Many Few Many
(Aster
root}  Many Few Many Few
* batatig None Naone None None
w caliste-
phii Many Few Few Few
* congluti-
nans Few None None None
*  culmorum Many Many Few Few
* (Danlia) Many Few Many Few
= lini None None None None
*  lyeoper-
gici None None None None
i niveum None None None None
* (Onion) TFew Many None Few
b orthoceras
Many Many None Few
b oxXysporium
gladioli None None None None
*  radicicola
Meny Few Few Few
*  (Pine) Few Many None Few
L4 trichothe-
cioides TFew Many Few None
®  gp.(s80il)] Many Tew Few Tew

The cultureg in Table 3 were all treated under the

same conditiona, except for the application of ultra=-

violet radiation. This exposure wag for a period of 30

geconds at a digtance of 30 centimeterse.

were held at room temperature or slightly sbovee.

All cultures

The
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chambers where the cultures were held before and after
exposure ran at 23 to 24°C. which proved to be the op-
timum temperature for growth of the majority of the fungi
usede

The sporulation is listed in Table 3 under the head
of ultra-violet light and darkness. Ordinary daylight
illumination was not listed since the reaction im this
group is the same in darkness and daylight as shown in
Figure 4.

In most all cases the colonies of Fusarium showed a
flattening of the mycelial mass in the treated area,
gometimes there is a recuperation after treatment and
there is merely a flattened surface in the inner part of
the colony. In other cultures, of different species,
there will be a flattened ring, the colony is fluffy
Both inside and cutside of this ringe The third reaction
ig a flattening of the entire colony, no signs of fluffi-
ness of growth is ever evident in the treated plates.
Figure 5 shows this reaction very clearly, Plate A was
treated and it will be noted that it looks entirely
barren, yet the entire plate is covered with a thin
gheet of myceliume. Plate B is untreated and the fluffi-
nesg of the eolony is evident. The spaore production waa
not econsidered since no spores were produced in either of

thege cultures. Note in Figure 6 that the colony is




A B

Fige 4« Fusarium sp.(Dahlia). A. darkness,
B. daylighte DNote that no change occurs in platea
placed in daylighte :




A B

Fige 4. Pusarium sp.(Dahlia). A« darkneas,
B. daylighte Note that no change occurs in platea
placed in daylighte
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Plate A

A B

Fig. 5. PFusarium oxysporium gladioli.
treated, plate B untreated. Plate A is shown to be
almost barren, due to treatment.

-0g=




A B
Fig. 5. DFusarium oxysporium gladioli. Plate A
treated, plate B untreated. Plate A is shown to be
almost barren, due to treatment,

-og=




A ' B
Fige 6. PFusarium sp. (Pine). Plate 4 was treated
for 30 seconds, Plate b grew in daylight. Note that

in this case the colony is flattened but not made
barren when treated, as shown in Fig. 2 and Fige 3«

T




A B
Fig. 6. PFusarium sp. (Pine). Plate & was treated
for 30 geconds, Plate b grew in daylight. Note that
in this case the colony is flattened but not made
barren when treated, as shown in Fige 2 and Fige 3«

-Ig-
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flattened but not made barren. Spore production was
affected only slightlye.

In comparison note Vertiecillium glaucum in Fige. 7

when treated with ultra-violet light. Unlike most of the
sPecieakof Fugsarium there is a complete suppression of
gpore production in this fungus when treated with ultra-
violet light . The treated plates were entirely barren .
Figures 8 and 9 show photomicrograph of treated and
untreated areas and their respective sgpore reduction. It

will be noted in these plates of Helminthosporium sativum

that there is a suppression of spore production within
the treated area, as compared to the untreated portione.

This genus is gimilar to Verticillium in this actione

RHIZOCTONIA

The genus Rhizoctonia is of such common occurrence

in the soils of Colorado that collection of various
strains is extremely easy. Five different cultures of
this genus have been igolated and studied. They repre-

gent two definite species of Rhizoctonia, R._solani Kuhne

and R. crocorum (Pers.) D.C. The various strains were

igsolated from the following hostss Solanum tuberosgum,

Solanum Jamesii and Beta vulgaris. Four of the cultures

were determined as strains of R. golani and one as R.

erocorum, the different strains had cultural differences
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A
Fig. 7.

Verticillium glaucum. Note complete gpore

suppressgion in A, which was treatede.




B

A
Verticillium glaucum. Note complete spore

Figo 7o
guppression in A, which was treatede.
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Fig. 8. Sporeg from treated
portion of plates (Helminthosporium

sativum)




-34e

" N "
o2
pe

Yt

N ‘l'
\. ‘7’,

ﬁgu 8.

Sporeg from freated

portion of plates. (Helminthosporium

gativum)
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Fig. 9« Spores from untreated -

portion of plate. (Helminthosporium
sativum)
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Fig. 9. Spores from untreated
portion of plate. (Helminthosporium
gativum)
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but their general appearance wag almost the same.

Rhizoctonia is similar to most o¥her fungl In that
it is very sensitive to temperature changes, for this
reagon gpecial precautions were taken to keep the tempera-
ture constant. Age of coleny and the length of time that
the fungus had been carried in culture were also found
to be very important factors in the response to ultra-
violet light.

The usual reaction of Ranizoctonia solani to ultra=

violet light is the formation of a sclerotial ring.

Fige. 10 shows a photograph of a representative colony
after irradiation. A sclerotial ring is formed with a
few days after irradiation, making'the gize of the colony
at the time treated. The sclerotial bodies form with

age on the check, but not in any ring-like arrangemente.
In Fig. 11 the effects of ultra-violet light radiations

are shown on Rhizoctonia erocorume A ring due to mycelial

knotting is formed, note that no sclerotia are formed in
this ring. They may be noted on the outside of the ring
beyond the influence of the lighte

The following table gshows the reaction of the

various strains of Rhizoctonia to ultra-violet lighte
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A B

Fige. 10. Rhizoctonia solani. A, treated
plate, B untreated plate. Note sclerotial ring
formed in treated plate, this marks the sgize of
colony at time of treatmente.
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Fig. 10. Rhizoctonia solani. A, treated
plate, B untreated plate. Note sclerotial ring
formed in treated plate, this marks the size of
colony at time of treatmente.




-

Fig. 11« A treated plate of Rhizoctonia
crocorume. Note that no sclerotial ring is form-
ed, only a knotting of mycelium to form ring.
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Fige 11« A treated plate of Rhizoctonia
crocorume Note that no sclerotial ring is form-
ed, only a knotting of mycelium to form ringe
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Table 4. Reaction of gtrains 6f Rhizoetonis
to various kinds of lighte.

Specieg - ' R gay-

VL '
strain Source light light Darkness
Rhigoctonia Solanum ‘ S o

golani tuberogum scler-g scler-i scler-vs

Re solani Solanum
Jamegii . g * g * vy

Re s=olani Solanum
tuberosum * g * a - a
Re crocorum Betlae % yg w r ' yg

Bz sclerotial formation 1s ratner SLowWj
ie extremely rapidg rerapid formation; vsevery slow
in formationt a= sclerotial formation abgsent.
These colonies different normally in cultural
characteristics also differed when treated with ultra-
violet lighte The difference in the reaction of the

various strains of Rhizoctonia to ultra-violet light may

in time give some rapid method of determining the strain
which is presente.

There is a tendency for the light to speed up the
process of sclerotial production in R. golani, A sclero-
tial ring appeared five days after treating the culture,
while no sclerotia were formed on the check (daylight)
until a period of ten days had elapsed. It will be notice
in Fige. 10 that the sclerotia are formed on only the
| youngest and newest tissue, in the case of the treated
plate, while in the cheek it is the older tissue that
' produce the sclerotia.

Some specieg of the genus Selerotium react similarly

te Re solani in the production of a gelerotial ringe

!
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Figure 12 shows_Sclerotium intermedia which has veen

treate&,and subsequently formed a sclerotial ring. In
untreated plate By it will be noticed that there are ne
gclerotia formed, while in A they are rather profuses It
can be said that sclerotial production is greatly stimu-
lated in this species when treatments of ultra-violet

light are givene.

PLEOSPORA HERBARUM

In some of the Ascomycetes studied, the perfect
stage was produced when cecultures were treated with ultrge
violet lighte Ordinarily these cultures did not form
perithecia and ascospores. The work of Stevena (20}

on Glomerella was repeated with the same results as he

reports. In addition to the production of the perfeect

stage on Glomerella cingulata as reported by Stevens

the writer has readily produced the ascomycetous stage

of Macrosporium paragssigsicume.

The cultures of Pleospora herbarum used in the above

teat were gecured by treating cultures of M. paragiticum

in the open light of a Quartz Mercury Vapor Lampe. The

tops were removed from the plates to be treated, and the
process carried out as explained under "methods". TPlates
were divided into three groups; one was treated as shown

above, the other was placed in the dark immediately after




A B

Fig. 12+ Sclerotium intermedia. Plate A treated,
plate B darknesse. Note sclerotial ring in treated plate,
while no sclerotia are formed in darknesse

"y
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Fig. 12.

Sclerotium intermedia. Plate A treated,

plate B darkneas. Note sclerotial ring in treated plate,
while no aclerotia are formed in darknesae

iy
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the plates had been inoculated, the third set was run
parallel with the two mentioned except that the plates
were allowed to be exposed to the ordinary daylight during
the entire experimente.

The following table shows the effects of various

kinds of light on the sporulation of Macrosporium paragie

ticume

Table &5, Reaection of Macrosporium parasiticum
to different kinds of lighte

Hing Perithecia  CGonidia

Continuous daylight = x
Ultra-violet light x x X
Darkness - - x

Single spore isolations were made of FPleospors
herbarum, and the resuliing growth noted. It was found
that the germinating P. herbarum sporesg gave a mycelium

waich was typiecal of Macrosporium paragiticum, and the

spores produced were not_Pleospora but M. parasiticum in-

steads Figure 14 shows the M. parasiticum spores ob-

tained from the above mentioned cultures of P. herbarum.
This colony, however, when treated with ultra-violet light
would again form perithecia and produce the aacospore
stage, if not treated it would continue to produce the

eonidial stage. Figure 13 shows an ascus and ascospores

as obtained from treated plates of M. parasiticum, the ge
gpores are identical to the exicatti specimens on hand.

The type of germination of these apores ls shown in Fige 15
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Fig. 13+ 4&scus and
agcosporeg of Pleospora herbarum

found in irradiated plates of
Macrogporum parasiticume
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Fige. 13. A4&scus and
agcospores of _Pleospora herbarum
found in irradiated plates of
Mecrogporum parasiticume.




Fige 14« Spores of Macrosporium
paragiticum obtained from colonies of
gingle spore isolations of Pleospora
herbarume
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Fige. 14+ Spores of Macrosporium
varagitiecum obtained from coloniesg of
single apore isolations of Pleospora
herbarume
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Fig. 15« Photomicrograph of Pleospora
herbarum spores showing typical germination.




Fig. 15. Photomicrograph of Pleospora
herbarum spores showing typical germinatione.
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ZSpores from exicatti which were collected in 1888 were
lgerminated in like manner as above, they gave the game re-

action as the fresh spores which were germinated.

BOTRYQOSPHAERIA

One species ot Botryosphaeria was placed under teat

at the beginning of the ultra-violet light worke. This
specles was clasgified as B. ribes and it had been iso-
lated from apple twiga some eighteen months before the
work of the light rays was begune. At no time had this
eulture produced fruit during the entire cultural periode.
Ring formations were apparent in this species and it was
for this reasgon that it had been carried thruout the worke
Several cultures of B. ribesg were treated for periods
ranging from 30 seconds to two minutes under the open arc
of a Yuartz Mercury Vapor Lampe. Within five minutes after
treatment small hyaline hodies were found to be forming
within the treated plates, at the end of twelve days the

bodies took on & brownish-fuscus color and began to asgume

cuneiform appearance. It was at this period that some of

the bodies were crushed and long spores were found withine
Thege spores represent the pycnidial stage of the funguse.

It will be noted that in the above case that there
ig a gtimulation effect in spore production. No spores

are formed other than in treated platese.
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FENICILLIUM AND ASFERGILLUS

Species of Penicillium and Aspergillus are affected

gimilarly by radiations from lightof short wave lengths.
Both genera show a marked change in sporulation, usually
by forming a spore ringe.

Mycelial growth in all species studied is very
scarce, and is not affected to any appreciable degree by
the radiationse

The following table givea the regults of Penicillium

and Aspergillus as affected by ultra-violet lighte.

Table 6 Effeets of ultra-violet light
on Aspergillus and Penicilliume.

Spore Colony
ring flattened
Aspergillus cluvatua X -
» flavus x
- fumigatus x
- glaucus -
- mentii -
- niger X
" x
" x
" X

ochroceus
terrens

Penicillium communi
citrinum
cehrysogenum
digitatum
echinatum
expansum
gladioli
humicoli
purpurogenum
gtoloniferum

I FFESZTHN
MMM ML MMM NN
]

X

In the above listed speciea no change in color was

ever noted in the treated platese
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Not all species of the two genera act the same toward
radiations of light of the ghort wave lengths, some species
form a spore ring within four days after radiation while
otherg will show no ring at the end of a ten dayperiode.
The work has been conducted under controlled conditions
and no chance for difference in treatment would give an
angwer to this questione. Those species showing no ring
formation in irradiated plates were tested at different
ages and for varying periods of exposure, yet in no case
could a spore ring be formede.

The sporulation is evidently due to some change in
the mycelium itself, yet at present it is impossikle to

say how this change is brought aboute

MUCOR AND RHIZOPUS

None of the species treated of these two genera are
affected greatly by ultra-violet light. The speed of
growth appears to result in negative reaction when an en-
tire colony is considered. There are no appreciable re-
sults on the colony as a whole, though if only the end
branch of a filament is considered one will notice & kill=-
ing effect. This effect is first evident due to a stopping
of the flow of protoplasm within the plant cell, later
there is an excess of braﬂching of the myceliume. These re-
actions were noted while using a quartz lens to focus the

peam of light on the filament as described under me thods
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'in the forepart of this papere.

It can be stated that in no case where plateg were
treated for periods short of that causing killing, did =&
change in sporulation occur. The genera of Mucor and
Rhizopus are therefore not affected in so far as spore
production is concerned.

The effects of ultra-violet light on growth of Mucors
are further considered under, "Effects of Ultra-violet
Radiations on Growth".

The genus Phoma in its reaction to ultra-violet

light is one of the most interesting groups of fungi

studied. Eleven strains of Phoma betae were tested te

determine the difference iﬁ reaction of strains within a

gspeciegs All strains were single aspore isolations and

ghould repregent single spore isolations if such exiate.
Those strains which were isolated from‘éugar beets

are given only by number. They are each characterized by

their sporulation as well as their cultural characteristics
It wag noticed that in some gtrains pycnidia were not

kproduced and the only method of propagation was by means

of a transfer of sterile mycelium. This gave a chance to

prove whether there could ever be a stimulation due to the

radiations of ultra-violet light as shown by the production

of sporeae.
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Striking results were obtained with three of thesge
gstrains. Treated plates showed small pycnidia formed three
days after radiations, while the checks showed no pycnidia
at any timee.

Thase strains which ordinarily fruit in culture were
leas noticeably affected by the radiations, the only
change which could be noticed was that of a grouping of
the pycnidia in ringse

In the following table a resume of the teats on the
species of Phoma is given.

Table 7. The effect of ultra-violet light
on some species (strains) of the genus Phoma.

Species(strain) Pycnidia Colony Color
flattened Change

D-L Dark UVL

Phoma betae{ % X x x x x
Phoma betae X X x x -
Phoma betae 122 x x X x b d
Phome betae - - - b d X
Phoma betae( - - x X -
Phoma hetae X X X X X
Phoma betaeg ; - - - x -
Phoma betae x x b 4 X -
Phoma betaeg x X X X X
Phoma betae 148; - == x X x
Phoma betae (217) - - x x X
Phoma sp.(aster

root) x x X X -
Phoma lingham - - - X -

The table above gshows that not all strains of the
same species react the same to ultra-violet light. Some
cultures which are apparently sterile have been made to
produce pycnidia, while others have not. There is usually

a change in the color from whitish to grey blue after
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treatment, though this does not occur in every straine.

MISCELLANEOUS GENERA

Some genera are not discussed here in detail, due to
negative results of their reaction or their similarity to
those discussed. In Table 2 the effect of light on any
specieg tested is given. Negative results are ghown in

the species of Colletotrichum, there is apparently nec

effectproduced when cultureas of this fungus are subjected
to ultra-violet lighte It was for this reason that some

genera were omitted from the detailed discussione

HEAT AS A POSSIBIE CAUSE FOR CHANGE IN

SPORULATION OF CERTAIN FUNGI.

It was thought for some time that the heat produced
by the Quartz Mercury Vapor Lamp at the short range of ex-
posure might be the causge of the peculiar reactions noted
in treated cultures of fungie.

Figure 1 shows the comparative rise in temperature
ag related to the time of exposure. Cultures exposed for
only a short period of time (30 seconds) had little chance
to be affected by the heat produced, while those exposed
for a two-minute period would be heated to a rather high
degree. It was from these observations that culturea to
be treated for long periods of time were placed on ice

cakes while they were being treated. This held the plateu
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at 2200; thruout the exposure.

In order to further test whether or not heat was
causing this reaction another type of experiment was con-
ducted, whereby an apparatus was made from an electric
toaster so that the wires would be exposed to the surface.
Two setg of cultures were then exposed, one to ultra-
violet light and the other to heat from the toaster. The
two were rﬁn simul taneously so there would be no differencé
in ages ot the cultures. The time ot exposure to the
heat varied from 30 seconds to two minutes in different
cultures and at a distance of 14 centimetera, since this
distance was found to give the gsame rige in temperature
in a given period as the Mercury Vapor Lampe

Culture of Rhizoctonia golani showed no signs of &

gsclerotial ring being formed in the culfures treated with
heat, however those treated with ultra-violet light did
form a decided ring as shown in Figure 10. Other fungi
were treated in similar manner and evidenced no reaction
''to the heate It would seem from the above observed facta
that the heat produced by the Quartz Mercury Vapor Lamp
would be of little weight as affectingsporulation in
fungi over the periods of exposure used in above experi-

ments. The stimulative effect is beyond doubt due to

rays of short wave lengthse
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EFFECTS OF ULTRA-VIOLET LIGHT ON RATE OF
| GROWTH

The difference in the rate of growth of colonies
treated and those which were used as checks has suggest-
ed a gerieg of tests dealing strictly with the rate of
growthe Three gpecies of Mucor were planted on potato-
dextrose agar, these were allowed to grow for 24-48 hours
at which time exposure and measurements were made. The
covers were removed from the plates and the colonies were
treated with ultra-violet light as followass plates were
securely placed on the gtages of microscopes and ultra-
violet light focused on the tip of hypha. A micrometer
eyepiece was used to determine the rate of growth of the
filament during the time of exposure. The rate of growth
wag checked every 15 minutes and its value recordede.

Plateg from each of the specieg of lucor were divided
into five groups depending upon the treatment which they
were to receives The first group received moderate ex-
pogure (30 secondé),‘the second group received a long ex-
?osur&(?ﬁ geconds ), the third group received 25 seconds
treatment but in intermittent exposures of 5 seconds each,
teginning at the end of 45 minutes checking. The fourth
group was treated similarly to the third group except
five, two-second exposures were uged at 15 minute inter-

vala. The fifth group was placed under gimilar conditions
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But received no treatment of ultra-violet lighte.

Plateg given different treatment showed a marked diff-
erence in their reactione. Figure 16 shows the effects of
the various treatmentse. The curves in this figure are
shown as a, by d, ¢, 8nd e.

a = fifth group - no irradiation

b = third group - 30 seconds intermittent at

5 seconds each

o
n

first group - 30 seconds at one exposure

jeX
[}

fourth group - 10 seconds intermittent at

2 seconds each

"

e second group - 75 seconds at one exposure

In curve “"a" we find there was no change in the rate
of growth when an average of several filaments were con-
gidered. Any deviation from this rate of growth is
very easy to detect since its plotting represents a
gtraight linee.

In curveg "b" and "d" one finds an entirely differ-
ent action than found in the non-treated plates. Thesge
plates received intermittient exposures as shown aboves

The curves show that the intermittent light will give
the same results but in different degrees. The killing
effect takes place but its action is much sglower than that
represented by curve "e™ where & single long exposure is

made. The curves "b", "d®, and “e* ghow the difference
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in long and intermittent exposures.

Curve "c™ represents a very peculiar action manifest
by Mucors when placed under a moderate exposure for only
one treatment. The time here represented 15‘30 geconds,
more than shown in curve "b®. Tt is shown here that there
is firgt a retardation effeet, gsimilar to that of treat-
menta of & shorter period, yet atter about one and cne-
fourth hours the fungus apparently recovers and the norﬁal
rate of growth is again resumed. The final eurve will be
gseen to he approaching that of the check. In this case the
filament is not killed but only slowed up in ites actione.

The killing effect of light of short wave lengths
geems to be due to a coagulation of some or all of the
protoplasm of the cell. Bovie (3). It has been noticed
in the above treatments that there was a coagulation or
killing effect taking place within several filamentae.
First a rapid streaming of protoplasm occurred followed by
a swelling just baek of the filament tip, no increase in
length could be noticed, only an increase in width, this
wag followed by a stopping of the visible flow of the pro-
toplasm and & burating of the end of the wall of the fila-
ment. The protoplasm would slowly ooze out of the break
and coagulate on the outer surface. The possible explana-
tion of this phenomena may be the faet that the more deli-

cate tissue of the filament is near the tip, when the
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ultra=mviclet light strikes the filament the tip is killed,
and since mucors are non-septate there is still a proto-
plasm pressure coming from the absorption area at the
bage of this tilament, the tip is killed and cannot move,
then the sides will swell out and give way to this increase
in pressure, only to be ruptured in due time. The above
described phenomena takes place more readily under the in-
termittent treatments. The long exposure sgeems to retard
protoplasmic action within the filament to such a degree
that the pressure is not so great as to rupture the fila-
mente.

The above mentioned facts lead one to conclude that
the tip of the filament is the most vunerable part of the
entire plant, since it is the first to be killed when
treated. When a killing has taken place in the filament
tip there is often a peculiar action manifeat in the re-
maining live filament. Excess branching occurs Jjust back
af the dead tip, and is followed in some cases by the
formation of @& ring by this branching. The appearance of
the branching is probably due to back pressure having to
have some outlet and the formation of branches is the only

means of getting around the dead tip which is blockading

the routee.
The three gpecies of Mucor tested gave the same re-

gulta but not identical curves, since some grew more
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readily than otherse.

From the above results we might say that in no case
wag & 8timulatory effect produced by ultra-violet radia;‘
tions, regardless ol the length of exposure. All filaments
were affected by rays, but to different degrees. The resulty
ghow a retardation or killing effect rather than a stimula-
tione

There is a great difference in the rate of growth
of some organisms even when an entire colony is considerede.
The foregoing data shows the effect of ultra-violet light
on & single filament whereas the following data will show
its effect on a colony as a whole.

Figure 17 shows the effects of ultra-violet radiations
on the culture as a whole. It will be noted that there is
a difference in the size of the two colonies. YA“ was
treated for the normal period under the ultra-violet light,
while "B" received no radiationse.

The two colonies show the following relation as to
their areasgs

At time of Four days
treatment after treatment

A - 8.937 8q. cmse 10.932 8G. Cm8e
B - 8.670 80« ClBe 15.964 8Q. €n8e

It will be noted that B shows twice the increase in
gize as compared with Ae.
The characteristic aetion of ultra-violet radiations

is shown very clearly in A. Here the mycelium is much
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A B

Fige 17+« A, treated platei B, untreated
plate. Altenaria spe. (Gladioli). Note size
of colonies, also flattening of Ae.
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Fige 17. A, treated plateg B, untreated
plate. Altenaria sp. (Gladioli)}. Note size
of colonies, also flattening of A.
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flattenedﬁand thickeneds. The rate of growth is slowed up
&g is shown by the increase in diameter, yet the colony
is not killed or there would be no new growth showing upe.
This type action is typical of most all fungi which are
treated. |

The difference in the rate of growth of colonies
when treated is usually due to their difference in rate of
| growth when growing under natural conditionse. The slower
growing colcnies are 1ess affected by thege radiations,
ugsually their action is so slight that it cannot be traced,

Colletotrichium spe. is & very good illustration of this

type of growthe This fungus is apparently unaffected by
any radiations which may be given the culture, so long as
a drying out of the media is not caused. The rapid grow=
ing colonies, Mucor spe.,_Rhizopus sp., are slightly
affected when noted as a whole colonye. The action is only
on the‘exposed mycelium and since the growth is so great,
then the unexposed mycelium will at once take the place

of that which was killed or slowed upe Figure 18 shows
the relative penetration of protoplasm by various wave
lengthg. It will be noted that the longer the wave length
the greater the penetrations This slight penetration
gives a possible explanation why all filaments are not

killede.
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EFFECT OF ULTRA-VIOIET RADIATIONS ON PROTOPLASMIC

MOVEMENTS
The cheracteristic protoplasmic movement noted in

Mucor and Rhizopus is affected greatly by ultra-violet

radiations. This gtreaming is ordinarily found in all the
younger tilaments of the plants studied, and is continuous
throughout the entire plant after a few hour's growth,
only to disappear as the plant ages.

The genera of Rhizopus and Mucdr are aftected similar-
ly by these radiationse. The most work reported below has
been done with a gpecies of Mucor, although several species
of both Mucor and Rhizopus have been tested.

Experiments were conducted with plates containing
young cultures, from germinating spores. The plants ranged
in age from 24-48 hours. The difference in the age of the
colonies was for the purpose of determining the effect of
the radiations on protoplasm of different ages. All cul-
tures in a series were of the same age; by starting all
cultures from spores it was possible to determine the age
of the colony exactlye

Plates were first placed on the stageof a microscope
and made golid but adjustable by the use of a mechanical
stage, then a filament was placed under the focus of 16 mm.
objective. Ultra-violet light was then focused on the fila-

jment with a quartz lens and its reaction watched.
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The time required to cause a ceasation of the proto=
plagmic flow was found to be dependent on the age of the
colony, distance from source of light, as well as the in-
tengity of the lighte.

It was found that thatportion of the filament nearest
the tip and which still shows streaming, is the first to
be affected and to cease movement. The time required to
cause complete stoppage of flow wag found to be directly
proportional to the distance from the source of the lighte.

EFFECT OF ULTRA-VIOIET LIGHT ON METABOLISM

The work of Elfving (13), Bovie (3), Henri (16)
and Stevens (20) on the effects of ultra-violet light on
organisms was based on the idea that there was some change
in the metabolism of the organism due to the action of
these rays. In fact it has been stated that the study of
the physiology of fungi under the influence of irradiations
is one of the most fertile fields of study todaye

The respiration of an organism is a possible cheeck
which can be used on the effects of such rays on metabolisn#
The 002 production was thought to be effected by such radies

tions. It was chosen as the best measure of regpiration
under these conditions. An apparatus for this determina-
tion is shown in Figure 19. The use of such apparatus

gives a very definite index of the amount of coa produced,

although it ig not a direct quantitative teste
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Carbonic acid is formed when CO ecomes in contact
with the water of a sub-molar base. 2

CO; A Hy0 ==  HpCO3

Carbonic acid is very slightly ionized even when in
a dilute condition. It is ionkzed 0.0017% when in O.I
molar solution, this slight ionization makes it necessary
to have a very weak base in order to show the neutraliza-
tion effects. A base with a normality of N/18.1 was
used to make the determinationse.

As near 2 ec. of this N/18.1 base was placed in &
container (d) as shown in Figure 18. The exact amount of
the base being recorded. The containers were then corked
up so that no coz from the air could enter to be taken
up by the bage.

Figure 19 shows the apparatus used in the determina-
tion of the amount of 002 given off by the organism during
a pralonged period of observatione.

In Fig. 19 "a™ and "b" represent wash botitles filled
with Ba(OH)gy which precipitates the 002 of the air by
forming BaCQOz. The air then passing into "c" is free of
COse "e* contains the organism growing on media to be
tested and the container is a quartz tube transparent to
the light of short wave lengtha. The container "d"% has
within it a definite amount cf a known base. "e®™ repre-

gents an aspirator for the purpose of drawing the air thru




Fige 19« Apparatus for determining amount of C)Oz produced
by & fungus when under variakle light conditionsae

-89~
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the circuit and thereby getting all the Cog formed by the
lorganisme

The action of the arparatus may be described as
followss air is drawn into wash bottles “a™ and "b*
where it 1s freed of the COy whiech it containeds The air
is then drawn thru "e" where all the CO; formed by the
fungus is carried on to the solution of NaOH which is cone-
tained in %d*. The CO, here comes in contact with the
water of the base and forms Hﬁgﬂx, whieh tends to neutralize
the NaOHe The amount of neutralization may be definitely
indexed by titrating the base which has been treated with
ICO45 back against & known acide. The actual amount required
to neutralize the base will be found to be considerably
1ess in the treated hottles than in those which contain

o CO « The exact amount of the acid required to bring
ahoutzgaatrality may be figured from the normality of the
peid and bage, any difference between ihe calculated amount
Bnd the observed amount will be due entirely to thereutrali-
zation effect of HyCOx «

In the following table it will be noted that the
prmount of carbon dioxide produced is very greatly decreased
bfter the fungus has been treated with ultra-violet lighte
This data indicates that ultra-violet lightmas a retarding

pffect on the metabolism of a funguse Respiration is

rharacteriatic only of living organisms, and when respira-




Table 8. Showing effect of ultra-violet radiationa on COp

80

productione
' ‘ NaOH %
Time Amt. NaOH Normality Amt. N/1 NaOH Normal Calce Obser- nmatrali-
—_— _ acid ved zed
10 2.05cCe X 0048 = .I112840cCcCe 8 U288 S5.01CCe B.03CCe 19.02
20 2.12cce X 0542 = .116388cce + .0288 24.04cce 3.63cCe 19.33
30 2.00cce X 40549 = .109800cce + .0388 =3.81cce 3e44cec. 18.50
,46/ 2.10cee X .0548 = «115390cec. & + 0288 24.00ccs 3.60cce 19.08
5O 2.08cee X 40549 = «112548cec. ¢ 0288 23.91cce 3.49cce 20.50
60 2.00cce X 40548 = .109800cc. « .0288 23.81cce 3e42cce 19.50
Treated for 45 seconds to ultra-violet radiationa - distance 30 cmae.
70 2.00cce X <0049 = .109800cc. + 0288 =3.81cce 3.69CCe 6.00

2.00cce X 05649 = «112545cce + +0288 =3.91ce. 3.88ce;k 1.50

=19~
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tion is lowered there must be either a killing effect of
some of the filaments or a reduction to dormaneye.

| Figure 20.‘shows the effect of ultra-violet radiationf
on metabolism of s_.ecies of Mucor. It will be noted that
very little variation is noted in FaOH neutralization
until organism is treated, then a great decrease in ng

producticn is noted.
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Fig. 20. Effecte of ultra-

violet light on the respiration of
fungi as shown by NaOH neutraliza-

tione
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SUMMARY
A large number of fungi have been tested under the
influenceof ultra-violet radiations and they have not
been found to all give the same reactione.
A wide range of reactions were found to present them-
selves even within strains of the same speciese.
A change in the sporulation of an organism is the
most ceommon effe¢t that was noted 1in irradiated plates.
Macrospores are produced in greater proportions in
treated plates of Fusariume.

Some gpecies of Rhizoctonia are caused to produce

gclerotial rings when treated, others are note
Sclerotial production is speeded up in irradiated

plates of Rnizoctonia species that ordinarily form

gclerotiae

The perfect stage of Macrosporium parasiticum formed

in plates that were irradiated while the checks did not
ghow the samee.

Aspergillus and Penicillium are little affected by

ultra-violet radiations, only a formation of a spore ring

is evident. Mycelium does not show to be affected.
Mucor and Rhizopus are little affected by ultra=-

viclet radiations when an entire colony is considerede.
Ultra-violet light shows a retardation effect on the

growth of both Mucor and Rhizopus as noted by single
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filament studye.

Species of Phoma that normally did not produce py-
cnidia were caused to fruit when irradiated.

Heat produced from ultra-violet light machine was
proven not to be the cause for change in sporulation of
fungie.

Vegetative growth is retarded in most all fungi
tegted.

Ultra-violet radiations will stop the protoplasmic

movements in the cells of Mucor and Rhizopus, probably

causing a coagulation‘of the protoplasme

Me tabolic processeg are slowed up when fungi are
treated with ultra-violet light as indicated by respira~
tion movementse.

In none of the experiments here considered did a

stimulation effect oceur in the vegetative growthe
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