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I, TRMCrION
Chapter ii Historioal Survey and Purpose of the Investigation

Very little is as yet knoun about the phototropic reaction effects
of the germinating mycelia of parasitic fungi. As far as I know, Ward
(1902), was the first to observe negative phototropic germ-tube flexures
in the uredospores of Pu m From (1915) found this to be
true for P. r (-(_ P oroa) and confi by Mains (1917).
Robinson (191) observed suoh reactions in germinted sporidia of .
Sflfllam and in germinated oonidia of the Hyphomeetes genus Botrytis.
$took (1931) investigated uredospores of the cereal rusts E. s
tinat oronifera, and dioa2ua with the same results. These authors
used daylight in their investigations. In addition Forbes (1939) used
light filters and obtained good reactions with P.. tritioia using blue
and violet filters.

From these reports dited it can be concluded that most research to
the present time was content to establish negative phototropism, but for
the problem as a whole, there is intensive as well as extensive work yet
necessary. The following investigations constitute a contribution to
this purpose and I hope it will stimulate further research in this area.

Up to now only a few Uredinales, and two or three fungi of other
groups were examined for the presence or absence of a characteristic re-
action in its germinatig myelia. Thus, we as yet do not know how wide-
spread this capability is, nor if we can asc4rbe to such a reaction any
actual significance for the occurrence of infection. I have cheocked and
confirmed some of the older observations. In addition I have examined
eight more Uredinales speoies among which some react phototropioally and
some do not (Chapter 4). from these results we can already derive same
conclusions on the ecologic significance of these reaction capabilities.

However, the phototropisn of germinating mycelia deserves our at-
tention for completely different reasons (Chapter 3). Involved here are
uni olled organisms which in their reaction mechanisms probably dispaoe
the spore bearers of phycomyoetes and liverwort rhisoid. It appears
desirable to subject at least one representative of this group to a
preoise analysis of stimulus physiolog. First, the lowest illumination
intensity is determined at which point there are still phototropic flexures
(Chapter 6), after which an approximate determination of the wave lengthes
are made with the aid of compound filters (Chapter 7). The next chapters
(8-10) deal with those questions which are of critical importance for the
phototropism of one-oelled hyaline organisms. These questions include
the inversion of the phototroplo flexure in liquid paraffin, the determina..
tion of the light gowth reaction, and the establishment of the location
the light-sensitive ao. In the final chapter (11) the results of Part
IV are discused. In this context the question of the effect of carotene
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on the phototropic reaction is discussed.

The method of research is presented in Chapters 2 and 3 of Part I. .2

nII. METHOD OF INESTIGATION

Chapter 2. Method of Culture of Germinating Myclia

Although, as is known, the uredospores germinate in drops of water
in a short time, I chose a solid modium because it appeared most suitable
for phototropic research. In a solid medium the germ tube will not alter
with vibration etc. I tested, first, freshly cut young wheat blades placed
on damp blotting paper under an inverted petri dish. The extracted ure-
dospores germinated n two hours but, observation was difficult because of
the thickness of the blades and the minute hairs on the surface of the
blade. In addition, the scraped epadermis of Crassulaoeae which was spread
on*a drop of malt agar proved to be a failure because of the poor germina-
tion of the spores.

In contrast good germination occurred after two hours in 2% agar and
7% gelatin without any further addition. In the agar the gem tubes
have a tendency toward very tortuous growth. The 7% gelatin was found
to be the best suited medium and will be used for all further research.
The gelatin is spread in flat drops on an ordinary slide. The spores are
inoculated directly nto the hardened gel by brush tip. The slide is plac-
ed on a small stand under a dampened glass bell one half of which is
covered with black paper so that the spores are only illuminated from one
side by daylight.

Under these conditions of side illumination the gem tubes do not
grow into the medit* but only along its surface. After several hours the
growth slows down. For this research we are concerned only with the
growth of the- ge tube during the first hours, at a time when it is
proc ing normally. DNote$ Penetration into the gelatin takes place,
in entrast if the preparation is perpendicularly Illuminated from above.]

At first I was much concerned with the capriciousness of the germina-
tion of the Uredinales spores as reported by Do Bary (1863), ri-ksson
(1896). Ilebhan (1901,), and Lohmnn (1937). Nevertheles. good uniform
germination was obtained by employing ripe but not overly mature spores.
For this reason only those spores were used which fell off still greet
blades when lightly touched.

Chapter 3. Culture of same Uredinales on Toung Wheat Plants

Many problems, such as whether a phototropio condition Is present or
not, can now be easily solved with freshly collected material. Other pro-
blems, however, result in a series of investigations which extend over a
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long period. These problems can only be solved if, at all times, good and
unifozu* gezuinating spores are available. It is considerably simpler if
the fungi involved are easily cultivated in an artificial culture medium,
as Is the case with B einerea. As is known, the. Uredinales cannot
be cultivated in this simple manner, so that it is necessary to continually
reinfeot the applicable host plants.

For raw material I used young grain plants injected with uredospores
obtained from the local phytopathologioal institute and from the fields
In the v einity of Halle. Since the uredospores charaoteristically ger-
minate ately after ripening, young wheat plants could be reinfe ted
at once. As a result it was possible to have fresh spore material
available for maw months. The uredospores were cultivated by methods
described by Gssner and Appel (1927, p 418) and Gassner and Straib (1928,
p 610). The grain blades, at times only one blade, were infected accord-
Ing to the usual inoculation technique of Stakmann (1935).

Infected are:
Phooin n Carsten V

on Petkuse rye
on Fongtien wheat
on Hines blooms

It was Intentional to chose grain types which were especially sus-
eeptible to the parasites.. The seed was obtained from the Phytopa-
thelogical Inoti a e of Halle.

MII. DIS-MMTIM AND SIGIICNCE OF PHOTOR0PISM

OF OaIITIA

QipUP If, Confirmation of Older Data szaination of Night
Additional Uredinales

The follwing germatig yoolia were investigated:

a) the uredomperes o ,i
Bikse, on wheat

soon add Henning, an rye
I riksoon, on oats
Iiksso and Hennino& on barley
.dt) S. and He, on wheat

Met. and Holw., an snapdragon
(Pers.) Rostw., on thistle

a( x aohnk) Wint., on a wild rose

b) the aeciospores of:
Nielsen, on colt's footMoamn lioke, on buttercup (Ravneulus)

K



QWMI~ vi ( Jr, d ay on cypress sag

o) sohm o &taaw" tA Peo.

Stock (1931, p 217) observed and briefly discussed a negative
phototopism ln a detailed study on germination and the growth of
germ tubes of uedospores of some pain rusts.

The uredospose ar spherical, light bromn, translucent, ith
a diameter of 17.6-- 26A (icrons). The exospore reveals mall
nodelets, the endopore is mooth and is supplied with germinating
pes. the spores have a resorve supply of cil droplets. They appear
orange in color because they possess a coloring substance which was
identlted as early as 1892 by Zopf (1892) as. carotene. Under mot
favorable conditions the spores germinate after appraoimatbly one hoar.
The spom content flows slooly down the germ tube vhioh after twoohwsreaches an sbsi I oenlgth(about 100 AI ). At first the

caroteme-centaining droplets ae thick and uniform (Piaur 1). After
5.6 hours the picture has substantially changed. The carotene

droplets are divided Into Invidul snoe, which appear In the gem
tubes as diagonal bands (Figure 2). Zn all gem tubeo, yng as veil
as old, the tip sae is constantly of 4.6 A length, is completely
free of carotene. The older the germ tube becomes the less It grows
and then In part ranifies. I have not been able to observe her
any septation as appears in the mature nWclia of the host plants.
Orouth in the guam tube nearly always ceases after 10-12 haurs, only
very rarely does it continue to 15-18 hours.

.... .

Piasr 1 GRAPHIC NOT REPRODUCIBLE

b". t1~t3, uredopore. with germ teo. 2j hours
after insmination. Carotan content Indicated by stippl-
109 PA px 7
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Afte vmao to oe-a$ed lighting the sn~nae pores hae
qcite 9 dIffe.'m.. APPeWMOe. The geiw W04e8 ieme SON 10et Without

esep~o.fair'ly Aseae dz'eto into the path of the light anise,
I t) I the peatimIs tulad 90 wAn Is again 411minated fron oue

msta tbr thstha 06"e~ aeow -s fsring negate pettiic(u ze

inaibypikoed tesmruls(Fiare. 3 ad6).

rip"eS

all~i M1 gooamtfm irection
2. Repeated negative phototwopio reactionl, eMp. 190. map.
x 150

V 1' y
I ci

14 ~ .

we v photattaspi. roaotios Twe 1909 11Mi

Inumbeentbelb (slowr glas 60 Watt*3 Whrl jWw
andes at 213 welt.) at a ftsaom. of 33 NAn 30 utetaeOf the
alide. She light ca the mud"e awiTed at a guat aft,* obliqedy
tim above. A part of the ligbt use lost In the r~flegtim frau the

aieof the glass bell. The Mzutaoo r..aiwsd an Istensitr of
1l~mtim qulto about 26an00 laz (1K Notei4oweno tr

r"e inavidal gemn tboo In ligt wan In duaila showed no
Lz'el difbz'm no th e ttem distributiune fee' exio1et was the



eunder both condtiosi. The Rjht and dark preparations difere-j
from each other only at two points.

a) The length of the gp tubes in controlled oultures were in
eve case somewhat less under light conditions than in darkess.

b) The gen tube, under one-sided illumination in all oases
smorged from the gorm poe present oan the dark side. Thus, the spores
must be polarlsed by light evn before germnation. The same behavior
was teind for all the spores I investigated if they wore capable of
reacting phototrojlcally.

2. E. dinam

Ward (1902) roported on a ph6totropic reaction. Although he
noted on p. 268 that this reaition was not completely convincing and
that a more procise investigation was required. Stock (1931) confirmed
Ward's observation. Yj research material was collected in June 1951
frm a rye field near Ealle..b1schdorf. The uredospores are round to
elliptic , have a length of 2-26*4. , vidth V-26A4 , are bromish,
finel e. th one-soded illumnation from both dAylight and
lamphght I was able to observe a pgatve photoropio reaction of the
genu moelia. The got tbes reached a length of about 80-120
after two hoers. The Investigation In darkess, as a cntrol, revealed
that the ge= tubes had gVwn on all sides. The carotene distribution
was as In ~

tms (1915). main (1917)o Stock (1931). a n Forbes (1939)
observed a negative phototropo reaction also for those qxoWlia. The
uredoepores an spheriOal to ovoid, 16-26 AA- long and 14-2A4 wide,

tim7 pindand yo11mdsh-bron.

LToaity: In the vicinity of Hall.-Robenthuz'. on L&In July
1951, After three hoars the ga tubes reached a 1ength fabout
100.430 ,sand displayed negative phototropim under one-sided iu -ine-
tin. hs carotene distribution was determined to be as n E. kisim.
The s~e reaction was observed for E. arwua on I giS nwic
was abundantly Infected in the botanicomJg ardon.

a* . ..

The roseareh material ses from the p444oatho1ogoal institate
&M from the vicinity of RaIlle-sohdorf. The spores wee collected
and vestigated in July.

L Tbe aredoapores are rd spherical.. bro.dshb-y.e.lw exospavj
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F;;i~. it. g a u qolao nptv. photroldsm wider on..gld.
lll~3StS (p..7).After 2.3 bars, the pem taboo wre not

mIts so lg as in qspss Nos. 1-39 that Is 30-60 AMv. They
a-ls. biamsh earlier. TMe ewtm~ ~AfytrIO 19 as IA . ~ C

As a reoult ofU tesalier boashl the negative pbototwopldm
reastla Is loe. oap~u thaft thsy awe in Noe. U.3 howee this

k nwegtim was cleua'l etabllahd In inwW reptitions.*

C4

min=.2 has" after quoaa~m eme-4ded dq3Ijat.

The $apoe of the spore neteWl Wag the Aftqthoial Imattute.
The gpumme xe wdia 1S.22. broad, ligt yoo. As campared to
the nwUt of Moe. 1-Al theme spores gaxn.nate mush later. Only after
12-A hours d. the gum tabeo.racho a length of 80-100 4.

Uzndie mesided Ili~ation no negative phototwolo reaction culd
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Figuxre 8

Zass. 16 hours after inseination, no phototropic
arrang Int amplight, about 200 lux, Temp. 21o, Magn. x 45

6. . u
Snapdrago ri at is spread fairly well in the vicinity of Ral$.

The leaf underside, the stom, and the leaves of the calyx are
especially thickly covered by chocolate brown pustules. The spores
are round to oval, 20-24, broad, 20-28 .A-long, chocolate brow,
and surrounded by a compact exospore. Under favorable conditions
the germ tube reaches a length of 60-100 AL after 2-3 hours. When
illuMnated from the side, no negative phototropism was observed as
in the preceding species (Figure 9). In contrast to the preceding
species no carotene was seen in the germ tubes which was hyaline and
transparent.

t
Figure 9

BM.atirini 3 hours after insemination, no phototropiam
(mpliiabout 200 lux). Temp. 210, Magn. x 43

7. E. mas-ins
The spore material comes from Infected thistles from a field

near Hohenthurm.

L_ The uredosori are spread over the entire under side of the leafLJ

1-



oa After 5.4 been the VU tab. o, o" &6M Aln. bm
~tool Meptive W uaer msnowadd x~te ooddl not b

extAlis (46"", re. = he too oftg aft be feud min si t~ems tube. .

?. , • , ,/-ie 1 ,

BM. home after 5asednatIm oe-sided
p , . 20, p . z 5

The uwedospors vezre obtained Afa a peppenmlt field ar
Sobhlsu~ta. The entire field was ingsted b~y this funagus. The
Cimium bronm vurdosori wore espeoially widespread an the uzorsides
of the le as. The spore ar irregalarz round, 1826 A- long, and'
18- 0 A wide; they possess a light yellow to brown ezoqmre with very
fire si s, Oy after 4-d hours did the geau tube reah a lenMh of
130-O0.A& *. A good ph~otepeo meotion owauistantly took plaoe undew
one-sd I umination (nao n1). The gem tube laok ed oarotine as
in soe,6 and7..

'S d

ci

, 5j hours after inseinatione good phototropi
ovientetio (n t about 200 liux). Teimp. 20u, Xagi x 45

9.
L. his peoles was food an a wild rose In a Halle garden. The J
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olea undersides were thiokly covered by uredospores. The spores are-
round, oval, finely spined, yellow, 20.244.4 long, and 17-20 4A wide.
Oy after4 -5 hours did the germ tubes reach a length of about 100A.
In ever case a negative phototropic reaction to one-eided ilnmination
wa visible (Figure 12). Carotene was once more present with the sae
distribution as in ]t. U.

GRHIC NOT REPRODUCrBLE

Figure 12

ubonorticium, 5 hours after insemination. Good
pa tropic orientation (lamplight, about 200 lux). Temp.200 , Kg.x4

10. .on

Uredospores were not sought for in this species, but aeciospores
which are known to form on j az. The material is from the
vicinity of Jena and was collected in August 1931. The spores are
polygonal, finely warty, orange yellow, 18-24 u long, and 16-18 A
wide. Two to three hours after insemination they formed a 50-60 09-
length germ mycelium which soon branched. The carotene distribu-
tion was as in the uredospores of E. triticina.

The phototropism in this species is not as pronounced as in
. , etc. Mor than half of ten preparations, however,

raemtd in the diversion of germ tubes by light (Figure 13). ally
after the conclusion of my investigation did I become aware that
Robinson (1914) had studied this condition for this species. His
results, however, were very brief and only mentioned that in six
tests on germ tubes he found them to be "indifferent to light" (1914,
page 337, Table 2).

L

12



""

~T

Figure 13

has luaWEI& 2 hours after unsematiow agative photo.
= l gh At,abst 200'l=). T W,. 2Va X9 x .

Sisne Robinso proviAded no 1.ustat s fir this e oanot
dedd whether a great contrast exists between his and my conclu-
slens, as might seam at first glance. Possibly. be considered the de-
lineatlon of his preparation as Insufficient to dmomstrate phototro.
pim since this behavior is far less clear for this species than for
many others. Nevertheles, I have considered the phototropic charac.
terlstio of this species as certain on the basis o statistical
analysis.

AU MIW, from the vicinity of Ral.e, was richly covered
with aeeldosori. The yellowish aecispores are 16-24 A wide and 16.
26A long. After four to five hours the germ tubes reached a note-
worthy length of 120-140 A, without any branchilg. No phototropism
oould be established under one-sided il1uminatichz In daylight or lamp
light in 10 tests. Carotene distribution as In Z* tri 2 (Figure

-( *

- ' J

S14 GRAPHIC NOT REPRODUCIBLE
Figure 14

Puss. s 6 hours after Insemination. One-sided
dayllght$ no phototropie reaction, Tamp. 200. Mna. x 45

L
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The aeeidia of these f=ng n o kwhorbia are very ac-
Wooly found near Hall*. The spares are round or elongate, orange-
Yellow, finely tubercular, with a diameter of 20-24A4. The spores
show a geub-tube length of about 80-120, after 4-5 hours. Under one-
aided luinra ction there was no discernible negative phototropism
(Figure 15). Carotene distribution as in ]. .

oj

01?

00
0 /

o .

oFigure 15

U g Rjj, aeiospores, 6 hours after insemination, no

reation. Doylight, Temp. 200, M -x 4

13. Borts lt

Robdneon (1914) observed a negative phototropism for a not
closely related a4! speoies. I isolated p source material from
rotten cherries ep, it in a culture of 4% malt agar. The ooni-
dia. are 9-11 A long and 6 .5-9. 0 u wide, tip colorless and completely
byallne in contrast to the rust spores. After 6-8 hours they formed
a distinct gem tube on the gelatin, which reacted wel phototro.
ploally (Figure 16). The germ tube showed no sign of carotene under
the ,miroioope, the entire tube remaining crstalline transparent.
The noelium was eeptate.

14
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Mao.ai x16

To oonolde this oa~pter. a tabdua mumW of the phototwpi
z'eactic ohaftote~sit of th* gaells, laeStigated is p3OSMatWd
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Table 1

Classification of Light Sensitivity of Germ
Mycelia under Investigation

Species Author Spore Form Negative Caro-
Phototropic tene,

1. P. dispersa Ward 1902 Uredo ++
Stock 1931
Gettkandt 1951

2. P. triticina Stock 1931 Tredo + +
Forbes 1939
Gettkandt 1951

3. P. coronata Frome 1915 Uredo + +
Mains 1917
Stock 1931
Forbes 1939
Gettkandt 1951

4. P. graminis Stock 1931 Urcdo + +
Forbes 1939

5. P. simplex Gettkandt 1951 redo + +

6.: P. glumarum Gettkandt 1951 Uredo 0 +

7. P. antirrhini Oettkandt 1951 iVredo 0 0

8.,P. suaveolens Gettkandt 1951 Uredo 0 0

9. P. menthae Oettkandt 1951 Uredo + 0

10. Thragnidium
subcorticium Gattkandt 1951 Uredo + +

11. P. poarum Robinson 191)h Aecio (0)
Gettkandt 1951 Aecio +

12. P. magnusiana Oettkandt 151 Accio 0 +

L fntinued on next page7

S16 -



Lfable 1 continueg

Species Author Spore Form Negative Caro-
Phototropic ten&*

13. Uromycss phni Oettkandt 1951 Aecio 0+

J14. P. malvacearum Robinson 19)14 Basidio+?

315. Peronoepora
parauitica Robinson 3.914k Conidia 0 0

16. Penicillium
glaucum Robinson 1914 Conidia 0 0

17. Botrytis spec.- Robineon 19)14 Coridia + 0
-cinerea Gettkandt, 1951 Conidia + 0

18. Alternaria spec. Robinson 1,014. Conidia 0 0

*More detailed discussion on the carotene content of germ
W~cei& is given in Chaptern1.

-17 -



Chapter 5. Probable Meaning of Negative Phototropism for the
Occurrence of Infection

The factors which permit or aid the penetration of fungi into the
host plant has previously been discussed. De Bary (1884 p. 394) asked
'Do we find specific physical or, somehow through unknown secretions of
the host surface, chemical stimuli and a definite specific reaction of
the parasite n the host?* Ward (1888) thought along similar lines,
and sgen (1893) actually accepted the effect of chemical stimulus
althoigh placing the stress more upon contact stimulation. Ever since
the well known investigations of Jqoshis (1894) carried out in the
Pfeffer-Laboratory, chemical tropism has been considered of decisive
importance, and rightly so, for the occurrence of infection (see
Pfeffer 1897-Plant Physiology Vol. I, P. 360; Gaumann 1946 Study of
Plant Infection, p. 18).

After the negative phototropism of the germ mycelia was observed
by Ward (1902) it was suggested that this property should be included
in the factors n whwich aid in the penetration of the mycelia. On this
Gaumann (1929) writes as follows: "We must first clearly demonstrate
what it is that causes the gem tubes to emerge from the drops of
infection, to grow on the leaf, and eventually to penetrate its cracks.
In most etses the effect of light must be considered of the utmost
Importance, in that, among certain rust fungi the germ tubes actually
react phototropically negative ... Thus we must do everything in
our power to solve the problem presented by the fact that, where
heliotropism is not involved, infection prospers at night and In a
darkened room, just as well or even better than in full daylight."

It seems to me that previous observations and investigations
have not yet led to a conclusive solution of the problem. It is not
completely superfluous, however, V examine what conclusions may be
drawn from the facts now available and what weight should be given to
them.

These faits may be divided into two categories. One includes
only the presence of the negative phototropism of germ mycelia. The
contributions of the preceding chapter belong here. The second
category involves the study of comparative infection in light and in
darkness.

We begin with the first category. Phototropim in fungi has been
known for a long time from a series of cases. I recall the sporophores
of Rna cispecies, the stem of ba h U , the perithecia
of l A the asel in the apothocia of nan Ascamretes, and
ii=eSwuon oporophores of the waoorales such as h,
M, &gjWj, et. whigh sbow gtrong positive phototropism. In
l of these oases the phototro~io reaction abil'ty is limited to the

organ of fruotification, or Its component parts, whereas the vegetative

- 18 -



mycelium by itself or in a medium is always phototropically neutral.
This appears to be true for the mycelia of other commonly cultivatedi saprophytes. Many of these have been cultivated so often in petri di.

shes t eve that n nce a clearly defined phototrpism ua t have been~observed. Such observation, however, is not known to me either by

personal experience or from the literature. I had a conmuicaton
frte Prof. Mder who, with his pupils, has been investigating a group
of iaprales whose sporn a display great sensitivity to light stat-

ting that research on vegetative m celia indicated no phototropic
*reaction ability.

i It seems that negative phototropi.m is an unusual characteristic
limited to the germ tubes of parasitic fungi. The conclusion must
one kwnt tthis must have s e ecologrcal significance; and
it appears probable that this characteristic is present to assist
infection. To be sure the number of fungi tested for this characteristic: is comparatively small. In Table 1, a suamary of all applicable observa-

f tions is presented. This includes 14 Uredinales of which 9 or 64% show

negative phototropism. It appears not only among the ger tubes of
uredospores ( of l0 or 0%) but also in the basidiospores of which
one is knm, to be tue; and in the aeciospoes where e was discover-
hed among the species under investigation. According to Robinson, b

should consider this species neutral, however I was able to establish
negative phototropim w erthele, th ough the phototropi m is not
as distinct and clear as in the germ tubes of uredospores.

ftParasites other than the Uredites have been little studied, suchias Pronos2UMora4 which is neutral and BoC which reacts

phowotropically negative. If the Alteoa3a species referred to by
uRobinson (1914) is a parasite it is unfornatey not so stated. It is,

an event neutral. Neverthelss, the BotrU , example indicated that
phototro ic reaction of gem tubes fris n-n-Zredinal s may be expected.

i Of the 16 certain parasites flsted in the table, 10 definitely
show negative phototrpism. This is about 63% in a batch of about a

, hundred, so that it is certain that we are not dealing with an accidental
circumstance. The probability is, on the contrary. that there is eeol-
ogical siadfloaea nee this characteristic and it Is related to the

parasitic mode.

In order to establish this conlusion firmly, or to limit it to
definite fungi gro~ps, a great nmuber of species, parasitic as well as
saprophytis, must be tested for the phototropic reaction of their germ
wielia.

Along with negative phototropism there is in every case polariza.
tion of the spores before gervination. Light. thus. not only exercises
a directive effect an the growth of the already-fomed germ tubes which

- 19 -



then is in a position to adapt to the epidermis of the host plant, but
it also determines the place within the spore where the germ tubes will
form. They originate, in every case, on the side of the spore which is
not iluminated; this practically is always the side turned toward the
epidermis of the boat plant. The polariz~ing effect of light is discuss-
ad again In Chapter 11. Hare we only note that polarization and negative
phototropism work simultaneously. They both must support the effect of
Infection.

If this is true a clear distinction mst be made of the effect of
light and darkness on infection using suitable comparative research
conditions. Infection should be weaker in darimess than in light. With
this we came to the second category of reports which deals with the
ecological significance of the phototropism of the germ mycelia. I
personally have not Instituted an research for this purpose and must
be limited to a short comaent on the applicable literature. The
physiologist would, as a matter of course, be naturally inclined to
attribute much greater significance to conclusions based on this type
of research than on conclusions that depend merely on ecological con-
siderations. Earlier research has not been hampered by such thoughts
as Is seft from the passage of Game= previously cited.

I am aware of the work of Gassner and Appel (1927) on&a
=Ulmaaa J&aa and pjR Mand of Forbes on hgj. coroAta.

eveI however, that the umber and type of investigstions are
insufficient to permit a definitive conclusion to be drawn. Masny more
different species mest be Investigated tinet of all. and also, ondi-
tions of Infection mast be greatly varied. Finally, in evaluating
preious research it should not be forgotten tJhAt chomitropimn is of
importance sang ith phototropism, and that both operate in the same
manner In nature, smwat in the fasblm. of phototropism and geotropism
In the orientation of the Spermatopkqtae. In the latter case the effect
of each of these factors an be relatively easily distinguished by ex-
perimental analysis. For the orrsponding separation, of the effects
of phatotropismand Aobutrpla of the germ zyclia, experimental
caditiams are defluitly far more difficult. but they are probably not
as hopeless as It would at first appear.

Doomns* of the view that previous comparable Infection investiga-
tian, did not onsider the right thins, new reearch with considerably
Improved othod~log mast be carried out. (This research is now being
planned at our Institute). Until the results of such new investigations
ae available, we at wait for a final answe In azW event, one can
only ooonced, fromt previous Infection research that experimental data
Is as yet Dot available on the development of infection as a diret
result of pbototropism. It would be quite premature to draw a general
negative conclusion, based on pryvious failures, on the meaning of
phototrolo charateristics of germ myoelia infections. For the time
being, I oaumot consider It probable that suchit pronounced special
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7qmur cu be completely withut significant au~r~s but it isl
sm nate, as an adaptatin within the parasitic way of life.

IT. AXALT8n OF 90=3 PUSILO! C TO 3 RACfON

Chapter 6. The Mina Iffeotive Illamination intensity

After the peseme of the pbototr ic reactim was established or
eoof.id for a roup of speeIes t seemod t additional value to
aake a eareful analysis of at least sam of the representatives of the
photatrope reaction. VAe@. the loer threshold of the Light sem.
tivjtt wa deteniedq that Is the least lgt aintis~ty w1hih sll
predeeed phoetropl. fl~iexae

All of the fellomig research was carried cut In a dark- .r at
a tez'ettre between 18 and 200. s a light seore I used an osn

mleseet Im (elar ga 40 Watt 32.5 X at 213 vlta), Which
was pUeed in a Ubasmd bosin nd wa evalatme photetria ay
in this MOUtUg With a - - A.I.n -eontrast phtmeter against a
Nelr eeaue. Ike ight w me was e ted to the manepal light-
in Watm. The control of the dal variation in erreat Is aco -
pliahod wAth a Vb*eetat ISmAAin that the lV opeates cODstantly
at under 4}3 vats.

IL front of the light soarce, situated at the ed of a long
talbe, pointed black petri diees ar.e placed within which Uredepores
of .hM ezgj ae inendnated In a gelatn medi. The dishes
a area Kof PO=450 centimeters froe the inoandeacent laps
mad awe so arranged that they are not in each others shadow and that
light falas an the geu tubes at a shap angle. 1b' optical reasona.
the covr of the petri dAie were reby t a glass plate cover.
The loss in lla adtion reulting from the covering was the sane in
all tests and wam abat 20%. Precatosanse m taken to prevent the
shadw Of the tede 6f the dish from falug m tko line of
ineoulatnms d that the angR. of lllmnat- woid be the sam for
all dish"e. A black strip at per was Im e d almg the back wal
in order to pr vt eq refletim frm it.

The distance of the dishes we.e so chosen that the 1llmitation
intmsait wuld be at a valne of 130 lux demasl to 1.6 lux.
fte tim to tim, I edee d the reacti after 2 or 3 b rs afterlu,,ization and drew the f t g Watch uaj the Abbe rmn
Apparatus.

L
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Figure 17

jhg.k113 u 2 hours after insemination, 3.2 lux,0 Temp.

A distinct negative phototropic reaction was risible in every
dish located at a distance of 320 centimeters resulting in an illamina.
tion intmgdtgy ofI to 3.2 lux (FIgure 17). At a distmo of 360
centimeters (2.3 Wr)the phototropic reaction could only be establish-
ed by statistical analysis. I consider the byhps reactiMg not only
when placed directly in the light direction but also when they are
def2meted a mob as4 4 to the left or right. The lower limit of
the photqtropio otion was taken as thrt intensity of illumination
where 30% 6f the mycelia react. At all times a dish was placed in
darlmous as a control. At an illimination intensity of 1.6 MR -it
430 centimeters distance, phototropism was no longer apparent, and
the oondition was the same as if it were in ocnplete darbness. The
critical value for white light is 2.5 lux at which point about half
of the V=am Wmelia show negative phototropism. The loss of light
resulting from reflection from the oover glass, previously given as
about 2;,. must be subtracted from this value, The critical value
thus is abut 2 lux.

In order to determine more precisely the critical value of the
ur dospore light sensitivity it was necessary to use Hefner lamps
as a source of light. In earlier investigations using white light,
which were visually compared with Hefner lamps. the spectrm
semitivity of the human eye was a .constant factor in the measure-
ment (the specification of the scale of illumination intensity is
based on this fact and is called "visual meter candles"). Rader
(1926) noted this important fact and stated: "One cannot establish
by this method how much brighter a source of light appears to our
eyes than does a Hefner candle, and no quantitative Information can
be obtained, reporting how much more effective the light souroe to be
tested is than the Hefter candle" (p 7) This is quite true for the
problem.of the phototropio neaotion of the gem tubes.. The lam used

L
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in the investigation and the Hefner lamps used in the measurement differ
not only in brightness but also in temperature and in the energy distribu-
tion of its spectrum. Because the temperature in individual incandescent
bulbs can vary greatly, reproducible values can be obtained only with
precisely defined light sources. The Hefner candles serve best of all
for this but in addition a source of light which provides the same color
can be used as a substitute Hefner lamp. In using this light source
during this investigation, the proposal of Buder (1926) suggesting the
use of specific meter candles is applied. Detailed information on this
is available in the works of Buder (1926), Schrauek (1934), Mosebach (1938),
and Dassek (1939). The use of the Hefner candle is inconvenient. Because
of this a substitute lamp as used in the course of this investigation.
An Incandescent lamp is used here for this purpose whose voltage can be
adjusted until the resulting light color is the same as the Hefner candle.
This is produced by using a rheostat which is so adjusted that the color
of the lamp as tested in the photometer matching field is the same as that
produced by a Hefner candle.

I used as a substitute Hefner lamp, an osram opal bulb (60 watt, 220
volt) in a lamp housing whose inside as lined dull ground gypsum plates.
The frcnt side of the housing was a milk glass plate 10 x 10 centimeters.
The intensity of this light source was 2 specific Hefner candles at 130
volts.

The petri dishes were placed at a distance of from 30 to 50 cen+4
_

meters from the substitute Hefter lamps, the greater distance was used to
make a comparison with a dish in darkness. At a distance of 30 to 50
centimeters ( about 22 and 8 specific Hefner candles respectively) nega-
tive phototropism was distinct. At a distance of 60 centimeters (5.5
specific meter candles) negative phototropism was noted only with
statistical analysis. About 50% showed negative phototropism. At a
distance of 70 centimeters the reaction was the same as in darkness. Many
repititions produced the same results.

The critical value of the phototropic retction as found in these
investigation with substitute Hefner lamps can be taken to be about 60
centimeters. This distance corresponds to an illumination intensity of
5.5 snpoific meter candles. The 20% light loss from the reflection from
the cover plate must be subtracted again from this. Thus, the effective
critical limit for P. trilicia (strain 52) was found to be 4.4 specific
meter candles.

The Uredinales are mAtked by physiological specialization. Based
on most recent research 129 physiological strains are known for P.
triticina which according to international nomenclature are known as
Nos. 1-129 (Chester 1946). In order to establish if a distinguishable
phototropic property exists for the separate strains, strain 52 along
with strains 20 and 68 were investigatedo. These strains were obtained
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from the local phytopathological institute. The critical value for
the negative phototropic reaction was found to be at the distances
heretofore noted. The light intensity at this point consists of about
2 lux (vicual meter candles) the same value as for white light of the
incandescent lamp when used with lowest resistance; or 4.4 specific
meter candles when using light equal in color values to the Hefner
Lamps.

Chapter 7. The Effective Spectral Region

At this point it is of interest to establish which wave lengths
permit the occurrence of the phototropic reaction.

Experimental Procedure:

An osram incandescent lamp (clear glass 200 watt) was used as
the oource of light, which at a distance of 35 rentimeters produced
an illumination intensity of about 3,000 visual meter candles. The
determination of the wave lengths within which the germ tubes react
phototropically was made with Jena light-filter lenses of the Jena
Glaswerken Schott and Gen. [Jena Glass Works and Associates]. The
filter holder was so attached to the lamp that no undesired additional
light fell on the spores. In order to facilitate the observation, I
employed glass trays with a bottom surface area of 4.5 x 3.5 centimeters
and with a height of 1.5 centimeters each provided with a glass cover.
All the tray sides were darkened with black paper. Before each test a
3-5 millimeter thick layer of gelatin was poured into the trays. A
straight line of spores were inseminated into the gelatin. To better
observe and sketch the reaction the glass trays were placed on the
mechanical stage of a microscope (Ortholux of the Leitz Company) at a
distance of 35 centimeters from the light source at the height of the
incandescent filament. The following filters were used: [See Note]

RG2  of 2 millimeters thickness
OG2 of 2 millimeters thickness

G2  of 2 millimeters thickness

VG9  of 2 millimeters thickness

VO of 2 millimeters thickness

UG1  of 2 millimeters thickness

[Note]: Details on the light transmissibility of these filters may be
obtained from the list of Jena Glaswerken Schott and Gen.
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First it was necessary to establish if red light, which in most
cases is phototropically ineffective, would also not influence our
germ tubes. Tests showed that using the RG2 filter, Only wave lengths
greater than 600 millimicrons (m .& ) passed through so that, as to be
expected, for our subject too, red proved to be phototropically neutral.

The next filter tested was OG . It passed wave lengths greater
than 550 m - . Two hours after nsemination the spores had wellt germinated, but showed no phototropic reaction. The germ-tube growth
was comparable to the growth of spores simultaneously set out in darkness:
no difference could be discerned. On the basis of the fact that orange
light was also shown to be phototropically inoperative for the germ
tubes, the 0G2 filter was used with the low voltage lamp of the Ortholux
microscope since this light was better suited than red light for the
sketching of the germ tubes.

Next, filter GG was tested. It permitted rays of 480-500 m.v. to
pass through in sm2 percentages as well as light of wave lengths
greater than 500 m MA. . I repeated this test using the same filter
several times. The phototropic reaction did not occur in any instance.

Using the next filter VG which passed through rays of 450-650
m ov- (maximum about 520) mor? than half of the germ tubes displayed ieg-
ative phototropism (Figure 18). [Figure on next page]

In testing the blue filter BG1 2 which passed wave lengths of 325-
520 mA., good negative phototropism was obtained.

Also the effectiveness of UC was observed. This filter passed wave
lengths of 290-400 mA.and 700-1,100 mj A.. The wave-length lay in an in-
effective area and as a result could be ignored. In this investigations
an Osram violet blue lamp (330 watt, 220 volt) was used in order to en-
sure that the light source included sufficient ultraviolet. The trays,
here, were covered with a quartz glasd. Two hours after the insemina-
tion a negative phototropic reaction appeared as under the GB12 filter.

: l~*In all tests where no germ-tube phototropism appeared, that is
with the RG2 , 0G# , and G12 filters, the material irvolved was checked
as a control under white light and each time with phototropic result.

This investigation demonstrates that only wave lengths of the blue,
violet, and ultraviolet range are effective for the phototropic reaction
of the germ tubes. The red, orange, yellow, and green proved to be in-
effective. Only under the VO filter did a weak reaction appear. The
Limits of the spectral sensi.ivty as obtained from the results of thesetests at a distance of 35 centimeters from a light source of 200 watts isapproximately between 4500480mAA. The effect extends into ultra-violet
lght.
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reaction (Blaauw 1914) when the front side is grown in paraffin leading
to a negative phototropio flGnxre. An additional example is found in
the inversion tests of Dassek (1939). The negative phototropic react-
ing Hepaicae rhizdd shows a positive flexure in liquid paraffin, in
this case also the result of a lens effect. In this case, however,
there is a negative light direction reaction, so that negative flexures
occur in the air which in liquid paraffin are positive.

Oar gern mycelia behave, insofar as they are capable at all of
reacting phototropically, in the manner of the liverwort rhizoids. The
nonphototropic germ tUbes including E. Sluuarum, antirrhini, and

suSn 5L in contrast grow uninfluenced when covered by paraffin in
the once rotated direction. I have convinced myself of this by
repeated tests.

It may be concluded from these observations that for the germ
myoelia which possess parabaloid and entirely transparent tip the lens
effect is of decisive significance. As in the liverwort rhizoids
more strongly illuninated sides must be inhibited at times. If this
is so a negative light growth reactio should appear.

Chapter 9. The Negative-Light-Growth Reaction

A light growth reaction ay be determined by various means. Once
* can observe, as did Blauuw (1914) in his time, growth in red light which

is the same as in darkness, with erroneous conclusions that the growth
direction took place as a result of the illumination; a negative growth
reaction in the absence of light, positive growth reaction in the presence
of light. The method of Bader (1920) uttlising partial illumination can
also be used. This method has the advantage of being easily accomplished
and extrmly fine growth neamumments are not called for. First the
sporophylls of n are examined after being placed in a one percent
sugar solution. Beause the index of refraction of the medium and the
sporophyll are almost the same no lens effect appears. It is to be expect-
ed, as a result, that under these conditions no flexures would occur if
the sporophylls were I51uinated in the usual manner from one side. In
fact they aetual pew without any flexnre. It could be seen, however.
that despite the lack of flomre the reaction capacity still remained.
'If one projected the sharp edge of the longitudinal half of a beam of
light using a suitable lens system, an the tips of the sporophylls in the
water, they would deviate in a direction perpendicular to the plane of
the light raysa (Baider 1920, p. 14).

In a positive light growth reaction the material grows away fro
the liuminated fieldt in a negative reaction the flexire is just the
opposite (Figure 21).
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ftgure 21

teeord of a light gowth maction (JAR) under half side
1lwmInation LW (schmatio) see text

ai at outset of observat! x
b reaction with positive U11
) reaction vith neative JAR

The method of partial illumination was also employed by M. Dassek
(1939)g R. Schneider (19412), and H. L, Paul (1950) for various experi-
mental plants and Is very well onfime as a result. By this means
Incontestable determination of the site and extent of the light seasi-
tive scne in possible (see Dassek 1939).

For the application of this method on our gema tubes without
modification, the preparaties mat be completely covered with water
and then sealed with a cover glass. Growth interference would
imediately supervene. I abandoned the water covering and arranged
for the projection of the edge of the light rays directly on the
gelatin preparation. As a result of this simplification mall dif-
ferenees in the type and extent of the reaction could be expectod
but the sense of the flexures would not be changed. And we are only
eonoeagd with this sense direction.

Adjustment and observation wast be carried out with strong
objective lenses because the germ tubes are very thin and delicate
(only ".A- in diameter). A Leita objective 6L with wide working
clearance In combination with a strong ocular proved effective.

Germ tubes cultivated for 2-3 hours were observed from tie to
time under one-sided light. Such slides were placed on the meohanioal
stage of a microscope whose condenser was replaced by a Winkel-Zeiss
objective with a magnification value of 5.5. By means of this objec-
tive a thin line at a distance of 16 centimeters is sharply visible
on the surface of the field of vision. A total reflecting prim
replaced the mioroscope mirror. To keep the gelatin medium from
drying during the investigations, the slides were covered by card-
board the inner side of which was lined with damp blotting paper

* ~ (Figure 22).
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emuntal aet-up for investigations on half-sided

Mthod of bwrstigaticoi

To begin the investigation a straightly grown germ tube was
moved to the jaution line of the split image -by means of the
meqhaioa stage in such a saner that the geim tube is halved
10 d ". This adjstamen is maeo under red light after which

the red filter is renoved and the half-side 1llmiznation beglas.
the first ludioation of - flezwre uwmaly ocurs after 4-10
miutes. The point begins to be unaymmetrial it is always the dark
side vhioh oves and the side in light which is Inhibited. This is
then a negative light growth reaction tftgure 23).

GRAPHIC NOT REPRODUCIBLE.,_

10- SO" | Ia IIk

11pre 23

hal. pnegative light growth reaction under half.

After gem Increse of the fletwe the line of )Action is moved
so that the point is again half iluinated, half dark. f constant
tu ing it was possible to *age the germ tub. to grow in the fom
of an ae *t as bader (1920) had described for and
Vasoek (19N) for the li vwrt rhisol. In .&11 made som. 50
tests n wi 4lth the sam result produced for each.
bloom M jconsistantly displayed
a t g= tested 25
time$; lftn"• mation was fWQn to
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When a blue light (BG, laminated filter) is used instead of white
in half.-side illumination the same reaction occurs. The test with green
light (VG9 laminated filter) did not result in the same distinct effect,
where as with yellow light (GG, 1.minated filter) no flexure appeared.
The results of this test are cmpletely consistent with those reported
in Chapter 7 on the effective wave lengths.

Along with the tests with half-side illumination which showed a
distinct negative light growth reaction, direct growth measurements
were also made. First the growth was measured under the phototropic-
neutral orange light, after which the OG2 filter was removed and the
change in growth determined. A decrease in growth speed regularly
occurred after 4-10 minutes.

Puccinia antirrhini, suaveolens, and glIM were submitted to
the same test conditions. As expected the germ tubes grew without any
further influence. Direct measurement showed no light growth reaction,
no flexure under half-side illumination, and no decrease in growth speed.

Chapter 10. The Light-Sensitive Zone

In the investigation on the site of light sensitivity of one-
celled organisms, it has been consistently determined that only the
growing zone is light sensitive and that a so-called stimulus conduc-
tivity is lacking. This is true for the sporophylls of the Phycuycetes
as well as for the liverwort rhizoids. The demonstration of Dassek
(1939) is furnished as evidence that only the extreme growing tip is
capable of light perception. The method of partial illumination was
employed with some modifications. I proceeded in like mariner.

The junction line was projected on the germ tube in such a way that
only on. half of the tip is illuminated. In order to observe and t)
propdrly adjust the dark part of the orgnism a thin glass plate sloping
at less than 450 was placed, during these investigations, between the
junction line and the image-forming objective. It reflects into the
objective the rays of a small, auxiliary lamp which is covered by an
0(32 filter. As a result the entire field of vision is lit up by a weak
phet tr-.pi.- n--.Ut.ai orare light.

A staiJht.j &riwn germ tube, 2-3 hours old or 4 A thi:k was
tcsen ,rnier ornge light ad its tip tone illuminated for *bout a
leagth :f ' A- . Eazh time after 10-15 minutes a flexlre lirected
tcwards the l i'umiated 3ide cf the germ toe occurred. The %aime

i a Z';>. AA, portion of the tip was *xpsd t, 4

haf.;h. 41 !: * -, K '33lxtiated zone was only 4 _i bo.sath
ti.i: t'ir -: ., - iio occurrad.
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Figure 24

UbMg arrangement for detemining the light-sonsitive

some

alga with L. jj each ti" with tho s resut.

Mme the thorogh studios of Reinhardt (1892) it has-been
va.1 hma that the pawng acme of the flwgus hypbao in all oases
is XUdtod to the Utrie tip. It was to be expected that our gem
tbbe were no exeption to this geme lly valid rule. In order to
be eoIetly i , I made scismeasurements. To mount extrwmely
fine ealibeatios I usedas did aberlandt (1889) aid Seeman (19)6),
drid vie starah whiob was h im awefl with a pilvoriser.
Aftr sevezel attmpts the desired distributio on the hypha, was
obtuimed. the position of the Wex points wer fixed by means of
the Abbe oam lucida. ly In the rnge of les than about 4A&-
below the tip did the index point chango position. The distance of
the starch pro~iat lying below raned. unchanged. The same
rosulte wee obtained after wny repetitions of the test.

Chapter 1. Discussicn of the Results of Part IV

the phototrordm of the germ qycelia of parasitic fungi has
be ,w7 little ocnstdered in respect to the phsiology of the
stiom. Neither tho oaMreonsive monograph of Da &V and
Pa iaergk (l9y-19Y4) nr the recent text of knuln (1948) pro-
v$Ae f n on this matter. N ntion Is made of this only

ituhe topatooIc literature. OumAn (19,9) tn the mBolopy
of t Pan t!o Pne on Plants" is led to the belief that photo-
tvaqm is a factor in the occrrence of iAf*ton, based on ob-
seor tlcms of ghine, 1a04s, and Robinson. In the now edition of
ftAIS' (1951) Vbafeotic ThW7,1 Insofar as I can see,
pbototrop4m of the germ wolia is oray Incidental and is referred
to al7 as4a gonrel known fact which could be of significance to
infettm. 'lse may well be (the ohintropio reaction capability).
aloq with a phottrpism the reason wth the germ tubes do not nov
about In oceplot disorder. but grow psaposally on plants

L
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regardless of the position of the leaf and of the drops of water" (Gaumann
1946, page 18).

F- the results of our investigation it is to be expected that
germ mycalia phototropism of parasitic fungi is a widespread phenomenon
of interest not only for phvtopathology bht also for physiologists con-
cerned with stimuli. We are dealing with organisms of moderate light
sensitivity which in this respect are somewhat superior to the liverwort
rhizoids.

The critical value of the least yet still effective illumination,
kunder constant lighting) was determined to be about 4.4 specific meter
candles, for the liverwort rhizoids of Dassek (1939) about 6 specific
meter c&ndles. The corresponding critical value for the highly sensi-
tive Phycomycetes sporophylls is many times less. Young sporophylls of
Phycomyces were found to have a value of 0.000,003 and ripe ones 0.000,025
specific meter candles in tests at the Breslau Botanical Institute
(Bernhard 1940) and young sporophylls of Pilobolus cstallinus 0.000,003
to 0.000,20C, each exposed to prelighting during collection (Schneider
1942).

To date only the work of Forbes (1938), who worked with Corning
liglit filtErs, is available on effective wave lengths, He found
strongest reactions under blue and violet light for cg &iticina,
ccrnata, and &ram s. He also still believed that a reaction was
possible under a red filter. Because he gave no further information
on the transmissibility characteristics of his filter; no inference is
possible as to tUe wave length range of the phototropic effect. From
my tests with laminated filters it can be concluded that the value must
lie between 450 and 480 m .-. W tests shoved that red light was com-
pletely neutral. This was true for c . Lttcia and dispersa which
were very carefully tested. I would not like to draw any conclusion for
all the Uredinales based solely on this work. Because in other cases,
for example in the 1 sporophylls it has been shown, that even
among species of the same gems, quite considerable differences may be
present. In the same manner Paul (1950) came to the conclusion that the
sensitivity of young sporoyls of Pobolus &! was about 625-
63 m in contrast to the approxima 5-57 obtained by.
llli and nhe~om

The two species of Pucinia tested by ms were in the 450-480 msAA
sensitive area, somewhat in the sane sector as the completely hyaline
and carot~ene-frae liverwort rhizoids which Dassek (1939) found to be
from 470 to 497 m .A.. To which wavelengths the completely hyaline
gem xoelia of Botrytis w4a react. could not be tested.

The analysis of phototropic raction using the method of partial
illumination (&ider 1920, Dasxek 1939) Indicated a negative light growth
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reaction in the germ mycelia. A flexure perpendicular to the direction
of the light rays and constantly within the bright field occurred when
the germ tubes were illuminated on the half side (see Figure 23). From
this it is seen that the stronger illuminated side is inhibited in
growth. Using the same method the light-sensitive zone was determined to
be in the short still-forming tip zone of the germ hyphae.

It can be shown by inversion testing that the lens effect is of
decisive importance for the type of phototropic flexures that results
here, as it is for all previously investigated hyaline one-celled or-
ganIsms. By suhierging the transparent tip of germ tubes in liquid
paraffin the convex lens is changed to concave. As a result the middle
area of the posterior side received less light than the corresponding
anterior side. Corretiponding to the negative light growth reaction the
more dimly illuminated side grows at a faster rate producing the effect,
when in liquid paraffin, of a positive flexure. In air the illumination
characteristics are completely reversed, showing a negative flexure. In
this respect the germ mycelia of the Uredinales are completely parallel
to the liverwort rhizoids.

Of especial interest is the problem of the carotene content, which
for many germ mcelia is quite considerable, in regard to the part it
plays in the phototropic reaction capability.

It is known from marW authors, particularly Banning, that carotene
is abundantly found in the plasma of PhycagcMes and Filolobas dissolved
in many very fine lipoid droplets in the vicinity of the light sensitive
zone. This is of great importance, it can be shown, for the basic effect
of light on the phototropic processes. Because of the obvious soundness
of there facts, they will not be farther discussed. It may be only
pointed out that even in the last article by Bunning (1948) on this
subject he presented his repeated apodictic contention (p 332) as follows:
"In fact wherever a cell or tissue is especially sensitive to blue-
violet light we find carotene," a statement which is not always true as
in the case of the completely colorless liverwort rhizoid (Dassek (1939).
To this example we can add the germ mycelia of Botrts couldia which,
like the previously mentioned rhizoids, are ocapletely colorless and under
the microscope do not show the slightest trace of carotene.

"However even with the carotene-rich sporangiophores of Ziolobus,
precise investigation on ripe sporangiophores by Ros. Schneider (1942)
and, ospecially convincing on the young ones, by H. L. Paul (1950), whow
that the concentration of lipoid-dissolved carotene, considered so im-
portant by Banning, was not vital for the reaction as asserted. The
growing tip of the young sporangiophores of Pilolobus crstallinas is
quite hyaline and transparent, its remarkable carotene content lying at
some distance from the apex in a zone where the length growth had already
ceased. The young sporangiophores of this species possess a positive
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light growth reaction. As a result of the lens effect the hyaline tip
of the sporangiophores are led to react negatively phototropically in
paraffin oil, positively in air. Such a lens effect can occur only where
the conditions are present where the lens does not too greatly absorb the
effective blue and violet. In the young sporangiophores of this species
there is an absence of a conspicuous carotene content, a prerequisite for
the functioning of the organism' Quite different are the conditions for
Cl bus sphaerosos and * . In these species the carotene con-
tent is actually on the er e tip, hoever the carotene has quite a
different function from that vigorously asserted by Bunning. That is,

V"Ait operates solely as a filter which absorbs the short wave rays and by
-' this means prevents their effect on the back side. It is thus entirely

consistant that the light growth reaction of the young sporangiophores
of this species is negative. The growth of the bright side is thus
retarded,* Since the'lens'Li this case is not transparent, therefore
there canibe nc'line effect.' The sporangiophore bends towards the light,
while the ltverted flank is constantly the darker side so that It always
grows faster than the other side. Regarless, then whether the sporan-
giophore of these forms are in air, water, or paraffin oil there is always
a positive fl=ra. An invertion in liquid paraffin does not take place.

The internal plama within the sporophyll plays no part in the de&
termining photochemical processes as Nining still maintains (1948 p 339
and also 1953 p 404), but rather obviously in the marginal layer on
wliiqh the growing wall lies, a concept which from the beginning, I advo.-
catd" (Ider).

What then is the distribution of the germ mycelia of our Uredinales?
Tn every place where carotene in visible amounts can be recognized, these
accumulations do not occur in the tip zone the only place where growing
and reacting occurs, but only soewhat farther down, in an area where
length growth has already stopped (sto Figure 1). Very similar conci-
tions occur in the young sporangiophoros of Moobs crystalinus (pos..
sessing a hyaline-tip lens effect) rith tbe difference that in E. jystal. -

Slinus the light growth reaction is positive and, correspondingly in air
produced a positive phototropic flexure, whereas in the germ mycelia the
negative light growth reaction results in a negative flexure in air.

However, not all Uredinales teated carry visible amounts of caro-
tene in their germ tubes. Aso not all react phototropically. Of 34
species tested 3 were found to be neutral. Is there at least a relation-
ship between carotene content and the iection capability? Table 1 gives
us some informatkn on this. The last olumn indic-ates the presence of
carotene in recognizable amounts under the microscope by a (+), the absence
by (0). Such a relationship is a fact in the majority of the species in-
vestigated. I found carotene in Puoc 1 &prsa, tticina, onata,

m.__., Boarum.L %# a. MTese species are photo-
tropic and carry carotene which migrates from the spore into the germ
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tube wherein, to beksure as previously stated, the accumulation of the
e aroten-containing lipoid droplet is in no case within but below the only
light sensitive growth zone. These species are in contrast to Puccinia

and uaegs, which are phototropically neutral and lack any
carotene content.Te relationship extends to this extent. It must not
be overlooked, but by no means is it without exception. a.I menthae
does not react less phototropically than the other species and it pos-
sesses no carotene at all in the gem tube. It is precisely as hyaline
and colorless as h1r.!. O the other hand, carotene is always as
abundantly present in the phototropically neutral germ mycelia of Pccinia
&LU m and UroM ces Dis , as it is in the species with
good phototropic reaction. A clear parallelism betwoen carotene content
and phototropism thus does not exist for the Uredinales.

Oar investigations have yielded further information in reference
to the carotene probl u, which provide evidence counter to the view that
the carotene dissolved in lipoid within the inner plasma is of vital con-
cern to the photic primary reaction. However it should not be stated that
phototropic and phototaxic reactions have nothing at all to do with cara-
tenoids. Such a relationship is entirely possible, even certain, in many
cases. This is also the opinions of Bader whose ideas in conjunction
with the work of Paul I repeat briefly here. It was Bader himself who
first precisely reported on the sigifloance of the pigment group, speci-
fically the caratenoids of the purple bacteria (1919 p 575 and 1932 p 434).
These reports deserve to be brought into prominence rather than to be
completely ignored in the discussion of this subject. In contrast to
Bumin, Bader however considers that the lipoid-dissolved carotene which
are so concentrated in the sporanglophores of Phomyces, Lolobus, and
in our germ mycelia are phototropically inactive. At most, in particular
cases, it can play a purely passive role as a light shield. The pigments,
oarotenoids or other types, which control the phototropic and phototaxic
reactions, he believes, are closely tied to the albumin chain of the
plasma. They may very well occur in such small concentrations that they
may avoid direct microscopic observation. In the case of one-celled or-
ganisms everything suggests a site of the photochimical system which is
the basis of the phototropic reaction, in the plasmatic marginal layers
which determine the growth of the young cell walls. This view is also
conf rmed among other light effects, specifically in the polarization of
spores and oozygotes by light. Mosebach arrived at the same conclusion
for this process and sees the site of the photosensitive structure in the
Odermal layer of the cytoplasm" (Mosebach 1938, 1942; Bader 194).

I was also able to observe such polarization in spores of fungi
worked with for this report. In the description of the germination of
uredospores of Puccinia triticina it was briefly noted that light not only
exerted a directive effect on the already-formed germ tubes, but also that
the spores were polarized by light falling on one side previous to their
emergence from the germ tubes. This polarization manifested itself by
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the fact that the germ tubes constantly formed on the side away from
the source of light.

I have been able to establish a polarization of spores in every
case where subsequently a negative phototropism of the germ tubes was
observed. This is true for such spores which were equipped with gem
pores as well as for uredospores and aecospores, also some which dis-
played no membrane position of this type such as the conidia of Botrytis.
The germ tube, in each case, appeared on the side of the spore in shadow.
After these facts were determined for all tests, a survey of the older
literature yielded the information that Frome (1915) reported the same
for Puccinia coronata even though the concept of polarization was not
specifically mentioned. He says (1915) p 84: "The incidence of light,
therefore, not only had a pronounced effect in determining the direc-
tion of growth cf germ tubes but also determined to a considerable
degree the approximate part of the spore wall at which the germ tubes
issued, i.e., the part farthest from the light." With the report on
the polarization of fungi spores by light, the number of the previously
known cases of polarization of individual cells are enriched by a group
of further examples. This should be of interest because of the exclusion
of the wall-formation, conditions are much simpler than in the case of
the Equisitales spores and of the oocytes of the Fucaceae. For this
reason it seems to me that these fungi spores are very much suited for
a farther comprehensive study of problems dealing with the polarization
of individual cells by light.

V. SUMMARY OF THE MOST IPORTANT RESULTS

1. The germ mycelia permit easy and good cultivation using 7%
gelatin (Chapter 2)

2. The germ mycelia of 12 Uredinales and Botrytis cinerea were
tested for their phototropic reaction capabilities. Of these the follow-
ing were for the first time: Paccinia simplex, Klumarum, antirrhi,
suaveolens, mentha, manusiana; M u subcorticinm, and Urcmyces
pisi. Only the following were found to be phototropically neutral: the
germ tubes of the uredospores of P. Rlugrum, antirrh1, suaveolens,
the aeciospores of P_. mapusiana and Uromvces Pisi. All others reacted
well phototropically except Z. poa where the reaction was somewhat
weaker; all without exception flexed negatively (Chapter 4 and Table 1).

3. It seems quite certain that the specitil germ mycelia charac-
teristic of reacting with a negative flexure in the presence of one-
sided light is an adjustment to the parasitic mode of life. No compell-
ing conclusion on the promotion of infection by this negative phototropism
can be drawn from experimental reports available in the literature tc this
date. On the contrary very little is to be found. So that now new infec-
tion investigations can be carried out under suitable conditions to
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provide covelusive decisions on these question (Chapter 5).

4. The threshold of the lighting intensity whereby a phototropic
reaction is #till visible is 4.4 specific meter candles for Puocinia
tr t n (Chapter 6).

5. The limit of spectral sensitivity of wave length lies between
4350 and 480 m AA-for Pagoin.a tritioin and dspersa (Chapter 7).

6. The germ mycelia flex phototropically positive (phototropic
inversion) (Chapter 8).

7. Under the application of half-side illumination (after Bader)
flexres occur peryftdicular to the direction of the light, by means of
which the tips curve away. Fran this it can be concluded that there is
present a neative growth reaction which can be determined by direct
measurement (Chapter 9).

8. The mechanics of the reaction of the phototropic flexures
corresponds to that of the liverwort rhizoids, i.e., hyaline operating
tip region, negative 1ght growth reaction (Chapter 10).

9. The tip area, which is the only phototrpically sensitive area,
is ftee from carotene accumulation. The carotene content is present
only below the groving point.

This work was carried out in the Botanical Gardens in the years
1950 -- 1951 and was accepted by as a dissertation by the Mathematical
and Scientific Faculty of the Martin-Lather University of Halle in 1952.
I am indebted to x honored teacher Prof. Buder for encouragement and
advice. In addition I ows thanks to Prof. Gassner and Dr. Noll for
literature and advice how to obtain literature not easily accessible,
to Dr. Rover and Miss Simon of the local phytopathological institute for
making available research and insemination material, and to Senior
Assistant Dr. Handke for much friendly advice.
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