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I. INTRODUCTION

Eriksson and Henning (1896) were the first to make a
thorough investigation on the atripe rust (Puccinia striiformis
West.), which resulted in a number of important observatione
and points of attack for further lnvestigations.

In connection with germination testa Eriksson and Hennlng
stated that the germination capaclty of the uredospores of
stripe rust i1s "highly erratic.'" Subsequently, this Jjudgment
as an erratic type of rust was found repeatedly (Schaffnit,
1909; Becker, 1928) precisely with authors who must be con-
sldered unbiased in the evaluation of germinatlion and 1nfectlion
tests thanks to years of intensive work with grain rusts and
particularly stripe rust (Straib, Newton and Johnson, lanners).
Only Wilhelm (1931) pointed out once '"that nature has probably
not granted the stripe rust the right of 'erratic character
for its germination physiological reactlon, but that here a
certain regularity forms the basls.”" Wilhelm has tried for the
first time to explain the seemingly contradictory findings by a
pariticulariy fine capacity of reaction of this type <f rust to
varlous environmental factors.

Indeed, subsequently, the investlgations made by a few
authors who studied more thoroughly the reaction of stripe rust
to gormination and infection have led to the recognition that
Puccinia striiformis responds to varlous influences of the
environment, among which, for instance, temperature 1is
attributed a special significance much stronger than other
types of rusts.

Therefore, under these circumstances it 1is evident thrt
literature often contains data on certaln properties of 4t~ipe

‘rust which are contradictory and require clarifiration. I

addition, other observa.inus require & checking, conflrzsot.on
and extension. These requirements are upplicable particularly
to investigations whioch concern the germinstion of uredospores.




After Straid (1937) had found for the first time striking
differences in the germination of varlous physlological races,
it was found necessary to examine the germinatlion of uredospora
of varlous partly new stripe rust races which had been 1solated
durlng the past few years, taking into account the differences
between the factors of cultivation and germination. A safe
knowledge of germinating requirements 1s one of the premises
for reliable infection tests and the possibility provided
thersby of establishlng the physiological speclalization with a
satlslactory degree of certainty.

Following is a report on such lnvestigations.

II. MATERIAL AND METHODS

The inveetigations were made with blotypes (clonic types)
of stripe rust (Puccinia gstriiformis West. = P, glumarum {Schm.]
Eriksson and Henning). ‘hen "races are wentlicned in the
following, we mean blotypes which are assigned to &a certaln
physiological race. The races were determined and numbered
according to the method developed by E. Fucha (1960; and un=
published). The origin of a race from a certaln country has

been marked by me, if applicable, by letters added 1in paren-
theses.

Llegend:
D = Germany Xe = Xenya
F = France NL = Netherlands
GB = Great Britaln Sz = Swltzerland
Gr = Gresce T = Turkey

Is = Israel

The additional letter "A" does not indicate any speclal
origin but states that thls race leads to a high degree of
affection on the supplementary wheat test variety '"Lee"
(according to E. Fuchs).

The races appearing on wheat were propagaied on the highly
sensitive wheat varities "Michigan Amber" and Iriticgum dicoccum
tricocecum, the races affecting barley propagated on summer
barley "Fong Tien" and inoculated for control purposes froa
time to time through ths test assortment.

The host plants we-~e cultivated, 8 to 10 per pot, in loamy
sand with the addition of some compost earth 1n the greenhouse
at approximately 15 to 209 C. The inoculation was effected in
the one-leaf stage in the usual manner by sepreading a spore
suspension in a 0.1 % agar solution with & cotton wool brush on
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the upper slde of the germination leaf. Subsequently, the
infected plants remalined 1n a aspecial greenhouse, firet for two
days in an atmosphere saturated with water vapor, then standing
freely; the cover was taken off only with the beginning of
sporulation.

The temperature of thile greenhouse was kept by appropriate
devices (cooling units, heating) independent of the outside
temperature, at 159 C (¥29). During the winter half year the
test plants were exposed to extra light (fluoreacent tubes of
Osram de Luxe and Sylvania White de Luxs).

For speclal experiments an alr-conditioned room with a
constant temperature of 15° C (21°) was made avallable
temporarily, having an exclusive artifical source of light
(Sylvania White de Luxe, light intensity 3500 to 4000 Lux at
the level of the experimental plants, with an 1llumination of
12 hours daily). The relative humidity of the air was in line
with average greenhouse oonditions.

The races us w in a test serles were always propagate
at the same time under the same environmental conditions. The
epores formed lmmediately after start of sporulation were first
removed, and only the uredospores newly formed during 24 to 48
hours were taken off in order to obtain material of the same
age for the comparative tests. The required spores were shaken
dry from the leaves in Petri dlshes, mixed lntensively, and
then used for the tests.

The method of Straib (1940) to spray the spores directly
from the host plant to the germination substrate was rejected
by me, slnce preliminary lnvestigations had shown that the
spores can be distributed in thls way over the substrate sur-
face in only a very irregular manner; consequontly, ths
germinatlon numbers may show great deviations within seversl
parallel starts with materlial of the same origin. Better re-
sults were obtalined by my method, according to which traces
were taken from the spore collections mixed in the Petrli dishes
with a flne halirbrush and by which these traces were spraysd on
the eubstrate by knocking them off over the cups. In thls way
the spores were evenly distributed in a satlsfsctory manner,
and the germination developed more uniformly within the
parallel tests with materlal of the same origin.

Larger quantities of spores from the field were required
for varlous investigations. For this purpose I artificlally
injJected highly sensitive wheat and barley types on the test
fleld. During one test year only one race was propagated on
wheat and barley, respectively. A mixture of the two races
with each other or with foreign origins was not observed during
the controls, which were made repeatedly.

3




—

Freshly sporulating leavea were cut off to obtaln spores
froa fleld plants. The already existing spores were flushed
with distillod water; after removal of the water the leaves were
Put into humid chambers, and these chambers were put up in the

greenhouse. The spores newly formed within one to two days were
then utililzed for testirg.

I did not use conserved spores or spore material which had
been kept for a long time.

Other details of the method willl be indicated in the text
if required.

III. EXPERIMENTAL PART
A. VNORPHOLOGICAL INVESTIGATIONS
l. Size of Uredoapores

No uniform system can be obtained from the data glven by
various autliors concerning the dimensions of uredospores of
stripe rust. Table 1 gives the dimenslons of uredospores
formed on graln as published by varloua authors. The flgures

ars possibly not always findings obtalned on the basias of my
own measurements.

From among the findings, some of which devliate from each
other to a great extent, the values indicated by Stralb (1941)
are striking. In the measurements effected with different
races he found,on the average, an unusual elze of approxlmately

31 p x 27 p, and with a race orlginating from rye even a 8lze
of 34.7 u x 29.3 p.

I have measured spores of different races in order to
clarify these contradictions and to check to what extent the
moasuring values depend on the various bedding medla.

In most instances I have measured spores which have been
formed in the greenhouse, to a limited extent material of race
24 from the field. All samples originated from freshly
sporulating leaves. Two hundred spores were measured¥ of each

*The micrcscopic picture wus projected with an eyeplece
cup mirror on a plane, adjusted to 500-x enlargement, call-

brated and then measured. The accuracy of the measurement was
1 p.




race or speocimen, respectively; the various values were averaged
and the dispersion (mean square deviation) was computed.

Table 1

Dimensions (in p) of Uredospores of Stripe Rust on
Grain According to Data Ubtalned from Various Authors

Author Host Plant length of Width of Renarks
Spores Spores
Eriksson and
Henning, 1896 - appr. 30 appr, 25 no pre-
clse da-
ta avail~
able
Evans, 1907 - appr, 30 apmr. 25 see above
Klebahn, 1914 - 22-25 1722
Allen, 1928 Triticum vulgare 22,5 17.4
Arthur, 1934 - 19-30 16-26
Viennot-Boure
gin, 1940/41 T, vulgare 23,2 18,2
T, aestivum 22.7 18.6
T. spelta 2l.4 18.2
T, polonicum 22.5 20.7
T. dicoccum 23.3 17.L
T. durun 21,2 19.6
Hordeun vulgare 2345 18.8
Straib, 1941 T, dicoccwa tri-
coccum and Hordeum
tetrastichum pal=
lidum 31.9 27,4 race 2
(same ) 31.5 27,8 race 7
H. tetrastichum
pallidum 30.8 27,0 race 23
" 31.6 27.2 rage 48
T, dicoccun tri=-
coocum and
Secale sp. 34,7 29.3 race 34
Manners, 1950 Triticum sp. 24.5 18,4 race 6x
Hordeum sp. 23.8 18,5 rece 46
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The spores were measured air=-dry, lylng freely on slides, ‘

or on a 2 % water ngar ln open germ cups (Table 2). Furthermore,
comparative measurements were made in distllled water,
glycerine, and lacto-phenol (Table 3).

Filgure 1 shows the percentase-wiss frequency distribution
of the longltudinal and lateral dlmenslions of 300 spores of onse
fleld origin of the race 24 (see page 7).

Table 2
Average Dimensions (in wp) of Uredospores of Various
Stripe Ruat Races (greenhouse origin); Spores
tir-dry and on 2 & Water Agar
I
Race Alr dry on 2 % Water Agar {
length of | Wiath of | Length of | Width of |
Spores Spores Spores | Spores !
- ' |
2 A 21.0 31.2 1700 31.2 - - i
7 (Iz) |20.9 (£1,0)|17.6 (21,1) 30,1 (%1,7) | 27.2 (31,3) 1
0A (T)|20.8 (21.3)(17.6 (*1,2 - -
23 20,7 (=1.4)|17.3 (%1,0) 30,7 (21.9) | 27.0 (=1,7)
26 21,0 (=1.1)(17.1 (*1,2) 31,0 (=1,8) | 27.5 (=1l.4)
24 20.2 2:1.3; 17.0 (=1.2§ - -
oh 20.2 (21.2)(17.2 (1.0 30,7 (£1,5) 27.0 (*1.3) !
L { - i
Table 3
Average Dimensions (in ) of Uredospcres on Varlous
Substrates; Stripe Rust Race z4 (field origin)
1 I
Substrate Length of Spoirs | Width of Spores ! 1
adr 21.7 (% 1.5) 17.7 (£ 1.6) {
Glycerine (free from [
H,0) 21,6 (= 1.6) 17.6 (* 1.7)
-
lacto-phonol 23.9 (= 1.7) 20.1 (= l.4)
Water agar, 2 % 30,9 (= 1.4) 27.3 (2 1,3)
Distilled water 31.1 (= 1,5) ‘ 27.7 (= 1.3)
6
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Figure 1. Frequency distribution of ionglitu- :
dinal and lateral dlamenslions of uredospores of
stripe rust race 24 (fleld origin) in percent-
ages; measured alr-dry.
—- Length of spores
= =« = = =« = Jyidth of spores
As was expected, the investigations have brought the !
following results: the values computed are largely determined i
by the substrate on which the spores are measured. On water or :
water-contalning substrate the spores swell very fast and to & i
great extent, as had been observed by Allen (1928) and been !
pointed out by same. The greatly deviatling findings of Straib
(1941) can, therefors, be explained without difficulty, since
be Lade his measurements on 2 % water agar. I obtained approxi-
mately the same values when I used this method.
The dimensions of the uredospores of stripe rust originat- i

ing from wheat or barley are, measured alr-dry, on the average
approximately 20.8 p x 17.3 p (#1.2); 1in all cases measurement
of spores made on several races at different tiues of the ysar
{April and October) resulted in almost the same resul%s.

The frequency distributlon of spore dlaensions shows that
the highest frequency of the actual longltudinal and lateral
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dimensions coincides approxlimately with the computed average
values (Figure 1 and unpublished data).

The dispersion is =~ in any case with ithe fresh spore
material -- lower on the average than indicated by some authors
(for instance, Gaumann, 1959). '

A. 2. The Growth Pattern of Germ Tubes

In bis efforts %o find new additional methods of evidence
for the identification of prhyslologslcal races of stripe rust,
Straid (1937, 1939a, 193%9b, 1940, 1941) arrived at the conclusion
that pathogenically different stripe rust races could be
characterized also to a certain extent zorphologically inasmuch
as certain growth patterns of the uredospore germ tube are
characteristic of them.

In numerous repeated tests he oxamined the germination of
approxinately 40 stripe rust races under defined conditlons on
artificlal subatrate. The following results were obtalned:
with resard to thelr germ tube growth the races can be divided
irnto two main groups. The first group included the majority of
wheat, and the few rye, stripe rust races; the second group
includes most of the barley stripe rust races¥,

Under certaln test conditions the gera tubes of the
uredospores grew more or less rectlilinearly in the first group;
at most they were slightly undulated, whereas a wavy and crimpy
growth of the germ tube was characteristic of the second group.

t1l1l, final differences were obtalned within these two groups
with regard to the zZermination pattern of various races, for
instance, betweer, the barley stripe rust races 23 and 24.

According to Straib's observations the pattern of tne gera
tube growth is hereditable. However, 1t may be influenced, at
the same time, tO0 a greater or lesser extent, by snvironmental
factors. In the first plece the temperature -- auringz tre start
of cultivation of the spores and during the actual germinatlion
stage -- acts on the germination pattern. Thus, Stralb found
at low starting and low germination temperatures (2 to 50 ¢)
that wheat stripe rust races developed wavy germ tubes also
and that 1t was difficult to distinguish them safely.

*The designation "wheat stripe rust races," etc., means

that they are rsasces which fructify preferably on wheat, rye, or
barley.




On the other hand, higher germination temperatures (about
20° and above), provided there was a germination here at all,
effected a greatly elongated growth of germ tube, that 1a, the
typlcal waves of varlious races otherwlse established at lower
germination temperatures weare no longer present®.

Finally, Stralb found a few sapecific wheat stripe rust
races whose germ tube was very similar to that of barley strilpe
rust, also under normal start of cultivation and germination
conditions, as well a3 a barley stripe rust race which stood
‘out on account of an absence of awelling of the germ tubes.

Jointly with the statemant that the pattern of germ tube
growth can be greatly modified by tempereture conditlons (start
of cultivction or germination temperatures), these observations
left doubts with regard to the reliability of such a method of
differentiation for races. This applies particularly to cases
where differences in the manner of germination of the uredospore

orlgi?a had been used to deasignate and name pew races (Straib,
1939s) .

However, additional possibilities of raclal characterlizi-
tion are precisely desirable in the case of stripe rust as
before, since the frequently fluctuating reactions to0 sowing on
different types of material used in the tests and the lack of
such materials make possible a further differentiation, which
makes the analysis of the races difficult. Therefore, the
ugability of the method applied by Stralb was agaln examined
with a greater number of races because thls polnt had not been
analyzed thoroughly by other authors in the past.

Approximately 25 sgtripe rust races were checked, which had
been isolated and taken from materlal sent from many different
countries. Moreover, the uredoclonic material of further
specific barley and wheat origins were examined, the classlfi-
cation of which in terams of races was still open.

The races and origins were cultivated under normal green-
house conditions at approximately 15° C (it was noi{ possible to
examine the effect of low temperatures applied at the start of
cultivation because roouc with correspondingly low temperatures
were not availlable at the time of the exacinations). The apore

material came mainly from Triticum dicoccum tricoccum and

Stralb (1939b) was able to establish that changes in
temperature influence the shape 0f the germ tube in the case of
other types of grain rust also.

ORI
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Hordeum tetrastichum vallidum (barley of Fong Tien). Besides
thls, the races were Kkept on several other types in order to be
able to control the influence of the host plant, As far as
rossible, I have also included field maverlal of varlous races.
The following geramination substrates were used:

1. Vater asar, 0.5 to 2%; pH approximately 6.0 to 6.2
(not corrected) and with graded pH values of 3 to
11 (n/10 HC1l or n/l0 NWaOH being used);

2. Gelatin, 2 to 5%; pH 5.6 to 6.5;
3. Silicic gel, approximately 3 to 5%; pH 5.0 to 6.0;
4. Distilled water.

Every germ cup was sowed with several hundred spores, put
up in the dark, thermostat at constant temperatures, and the
germ pattern was observed after approximately 5 and 24 hours.

. Each race was tested several tizes, on tne average over
ten uredo generations; in indlvidual cases 1t was possible to
observe races over a perlod of two years. The results are
compiled in Table 4.

The investigations had the following results:

As Straldb found out, the germ tube growth of the races is
apparently fixed genetically, however, 1t i1s greatly modifled
by outside factors, particularly tenmperature influences.
Characteristic influences in the pattern of the germ tube growth
between the various races can be determined wlth certainty at
temperatures of approximately 8 to 15° C. These differences
appesar lesgs clear 1f the spores germinate at very low or nigher
temperatures (bslow 59 C or around 2C° C and above).

It was possible to observe tha germ tube pattern typical
for the different races in all substrates used. Only in the
nore elkaline and aclid range (with agar substrates: pKE smaller
than 9 and greater than 4.5) does the pH influence the germlna-
tion pattern in an unfavorable manner, that is to say, the growth
forms o7 the germ tubes become generally atyplcal (great

shortening and irregular swellings, partly with lateral branches
of the germ tube).

Comparative investigations of greenhouse and fleld material
of the same races showed in all cases an agreement of the germ
tube growth pattern.

10




It was further found that the germ tube growth pattern
depends also on the age of the spores =- sulfliclent germination
capaclty being taken for granted.

The uredospores of all stripe rust races generally form
only one germ tube which has no branches in the normal case.
Lateral branches may develop particularly at extreme germlnation
temperatures and, as mentiocned, with extreme pH values; the
tendency in this directlon seems to be different in the various

races, but not to be constant enough to utilize thie as a d4if-
ferentlating criterlon.

Table &

The Germ Tube Growth Pattern of a Few
Stripe Rust Races

Type of Races Type of
Growth ¥ Hosts
—— e — — — ]
1, 2 (GB), 2 A, 7 (F)
7' (Is), 11 (Ke), 204 (F)
I 20 A (Keg. 26, 27/53, Tritioum
32 A (8z), 54 (D), 54 (NL)
55 (F), 55 (sz),
Ia 8 (D), 20 A (D) Triticum
Ib 20 A (Gr), 20 4 (T), 42 A Triticun
I a R3 Hordeum
II b 2L Hordeum
#1 = Germ tube ¥ rectilinear (Illustration 1)
I a = Germ tube, slightly crimped
I b = Germ tube, clearly crimped (Illustration 2)
II a = Germ tube, with regular waves (Illiustration 3)
Il b=

Germ tube ¥ irregular waves (Illustration &)

11
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Illustrations 1 to &:

Germinated uredospores. of stripe rust races of different
germ tube growth types; on 2 % water agar, germination at 10° C.

Germination stage:

Illustrationa 1, 3, 4: 5 hours after aowling;
Illustration 2 ¢ 7 hours after sowing.

All photos: Ultraphot (Zeiss); approximately 140 x.

Illustration 1, Race 54 Illuatration 2, Race 42 A

Illustration 3, Race 23 Illustration 4, Race 24

The majority of the specific wheat stripe rust races
develop a more or less rectilinear germ tube, mean etart of
cultivation temperatures, germination at medium temperatures
(approximately 8 to 159 C) and a sultable germination medium
(for instance, agar substrates with pH values not below 4.5 and
not above 9) being a premise (Illustration 1). Deviations from
this type of growth were found in the races 8 (D), 20 A (D),

20 A (Gr), 20 4 (T) and 42 A (Table 4 and Illustration 2).
However, the deviatlons were never so great that the type of
growth of a barley stripe rust race would have appeared. Tha
differences in germination within the race group 20 A were
striking, although with these origins an agreement between the
reaction to affection was observed on the test specimen
(physiologlcal differences in germination within this group will
be discussed at a later date).
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The shape c¢f the germ tubes of the typlcal barley stripe
rust races 23 and 24 (Illustrations 3 and 4) contrasts very
clearly with the growth form of wheat strlpe rust races which ls
the type most commonly observed. The germ tubes are greatly
undulated among the barley yellow host races. There is a mor-
phological difference between the races 23 and 24 which has been
described by Straib: the swelling of the germ tubes 1s clearly
more narrow in race 23 and more uniform than in race 24. A
barley stripe rust race, which chowed the characterlistic growth
pattern for wheat astripe rust, was not found.

In twelve barley and wheat stripe rust origins froum Japan
whose racial classification has had to remain an open questlion
up to the present time, all barley origins showed greatly
swollen germ tubes, similar to the races 23 and 24, whereas the
wheat origins showed the germination pattern znown from most of
the European wheat stripe rust races or,ln one case, the growth
pattern of the race 42 A which also comes from Japan.

It was possible to confirm the statement made by Strald
that the germ tubes of the barley stripe rust races decompos ¢&n
artificial substrates faster tnan those of wheat stripe rust.

A. 3. The Formation of Vesicles and Secondary Hyphae

Sometimes, one or two bubble-like swelllings (vesicles)
develop on artificlial germination substrates 1ln varlous types
of rust, at the apical part ¢of the uredo gera tube One or
several "secondary'" hyphae developing from the final small
bubbles. These phenomena have been described several tlmes 1n
literature some time ago (Sappin-Trouffy, 1896; Arthur, 1929;
Ezeklel, 1530). 1In more recent tizes the formation of vesicles,
particularly with the types of graln rust,were examined by
various authors (for literature see Table 5). Very different
factors seemed to release or favor the formation of vesicles.
On the other hand, the formation of the (secondary) vesicles is
sald to be characteristic under defined conditions on certain
agar substrates for each of the types of rust examined by thenm,
according to Hurd-Karrer and Rodenniser (1947).

These vesicles developing on artiflclal germ medla and
the secondary hyphae clalm speclilal interest because they are
similar to certain formations appearing in vivo. However, up
to the present time we cannot say with safety to which struc-
tures wnich develop during the course of the infection they are
homologous, and whetner this applies at all. Thne various
authors have expressed different views on this point. I will

not go into more detall with regard to these purely hypothetical
atatements.
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Table 5

The Development of Veslcles and Secondary Hyphas in
Different Types of Rust on Artificial
Germination Substrates

Encouragement of
Author Type of Rust Vesicle Formatipn by

Straib, 1940 P,striiformis Fructifiocation at high
tenperature; higher aci-
dity of the substrate
(pH 4.5)

Hurd-Karrer and

Rodenhiser, 1947 P.graminis tritici Glucose mineral salt =-
P.recondita tritiocl agar
u.a,

Dickinson, 1949 P.recondita tritlei Paraffin collodium
U.a, membranes
("contact=stimulus")
Manners, 1950 P,striiformis -
Sharp and Smith,
1952 P,coronata Zn salts,
deponding uvpon pH
Sharp, 1954 P.coronata Zn salts and silicou
Allen, 1957 P.graminis tritioci Distillate from aqueous
uredospore extracts
French and Wein-
traub, 1957 P.graminis tritici Pelargonaldehyde
Fuchs and

Gaertner, 1958 P,graninis tritici Siliclc gel nutrient

media, certain amino
acids
Emge, 1958 P.graninis tritiol <defined lircht and tem-

perature combinations
Naito et al.,

1960 P,coronata Peptone-sal¢-agar
Uromyces alopecurl

Couey and

Smith, 1961 P.coronate Cation effects
(Zn-H=Ca=Mg)

Pavgl and

Dickson, 1961 P.sorghi Cellophane membranes,

certain light and tem-
perature conditions
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In ny investigations in which I used a substrate nainly
water agar (1 to 2%) or gelatine (3 to 5%) with pH values be-
tween 5.5 and 6.5, I was able to observe the following:

If tho spores had been formed at medium temperatures
(around 159 C) and if the germination temperature was approxi-
mately 10° C, vesicles developed orly occasionally (with leass
than 1% of the germinated spores) [also with Manners, 1950].
However, 1f I left the spores to germinate at temperatures of
100 C after &an initial cultivatlion tempereture of approxluately
20 to 25° ¢, the basic formatlon was clearly encouraged (up to
12%), as nas alsgo been observed by Straib.

Now, for the first time, I was able to state, also in
the reverse case, that with a medium start of cultivation
and hlgher germination temperature, an increased formation of
vesicies occurred. Thus, with varlous races vesicles &and
secondary hyphae showed up to 10% of the germinated spores, if

they serminated after a fructificatlion temperature of 15° C at
approxinately 20° C.

A still greater encouragement of vesicle formation was
obtalned through the utillzation of phosphate=buffered silica
gels with a pH value of 5.0 to 6.0 (method according to Fuchs
and Gaertner, 1958). On these germination solls and at tempera-
tures around 10° C, up ©o 30% of the germinated spores formed
veslcles, partly with secondary hyphae, here again a high
fructification temperature favoring their formation.

An encouraseaent of basic formatlon by a higher degree of
acidity of the azar substrate (pH 4.5), as indicated by Stra.b,
was not ascertalned by me. It is true, strixing bubble~llke
irregular swellings (without secondary hyphae) are formed on
such substrates along the gera tube; however, trhey are abnormal

phenomena and have probably nothinz to do with a vesicle.

In general, the tendency for tne formation of vesicles 1ls
greater with darley stripe rust races than with most wheat stripe
rust races., Thils observation was also made by Stralb. On the
other hand, the shape and size of the veslcles as well &as the

number and growth of the secondary hyphae are the same with all
races examined.

Depending upon the germination rate, the vesicle formpation
starts approximately 6 to 24 hours after start of germination.
In this case, the germ tube attains only a length o0f & few
hundred p, whereas normally lensths of thousand p and more
develop. Typlcal for all examined races 1s that only one
clearly formed veslcle developed which often attains the size
of & uredospore.

15




The number of secondary hyphae 1s mostly 1 to 2, in rare
caseg 3 to 4. The plasmatlic content of the germ tube concen~-
trates after formation of the veslicles in it and also in the
secondary hyphae 1f game are formed.

A vesicle formation typical for stripe rust with
secondary hyphae is shown in Iliustration 5.

& e
o &
%)
(J.i

Illustration 5

Germinated uredospores (stripe
rust race 24); germ tube (col-
lapaed) with final vesicle and

two secondary hyphae (on the

left partly not germinated spores).

Photograph approximately 24 houras
after seeding on 2 % water agar;
Ultraphot (Zeiss); 200 x.

Different varlations of this type may develop. Stralb
(1940, pages 218 to 221) has published a number of drawings of
such varlatlons of growth.

An increased growth of the secondary hyphae resulting from
the vesicles was not achieved with any stripe rust race in the
sameé manner as Fucha and Gaertner (1958) had obtained with
P. rraminis triticl by adding a nutrient solution according to
Knop, various amino acids, natlve cnlicken egg yolk, pyridoxin
and Fe compounds. Also an addition of sterile flltered coconut
milk to sllicic gel nutrient media (Gaertner and Fuchs, 1560)
and the application of glucose mineral salt agar according to
Hurd-Karrer and Rodenhiser (1947) did not clearly encourage the
growths of secondary hyphae or of germ tubes.
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Remarkable is the relatively long lifs of the vesicles
and secondary hyphae which was pointed out by Stralb. Whereas
the normal geru tube starts to decompose usually after 1 to 2
days, the veslcles and the sacoadary hyphae may remain intact
for a weexk and longer periods depending upon the temuperature of
germination period. The secordary hyphae continue to grow slowly
under favorable germination conditions during the first days
after thelr foramation; however, in most cases only lengths of
100 to 200 p were observed. In very few cases they attained a
length of approximately 400 p.

Beslides the chieciulng on agar or gelatin I have for the
first time gone into the question of veslicle formation in vivo;
I was able to establisq such structures repeatedly on the sur-
face of the leaf. As was mentioned high germination temperatures
favored thne formetion of veslcles on ertificlal substrate.
Apparently tihelr formatlon is also encouraged in the germination
in vivo by higher temperstures or initizated as such. Thus, I
was able to obsarve freguently on pgeralnation leaves arnd leaves
of all stages of varlious wheat and barley types which had been
inoculated with uredospores of indlividual stripe rust races,
that the germ tubes had formed vesicles ond secondary ryphae
on tne surface of the leaf if the incubstion temperature was
209 and over. These structures appeared at rancom on the
eplderanls of the leaf and not preferably at the stozma of the
leaves.

This observatlon 1s remarxable insofar as it will probabdly
lead ad absurduam ali those speculations which want to soe
hocologues to the structures in tne vesicles which develop only
after infection within the host tissue. But also the agsumption
that the vesicles developinz in vitro are formations which would
correspond %O an appressorium cannot be maintalned. The
question whether 2. striiformis forms an appressorium or not is
disputed as such. Thus, Eriksson end Henning (1896) mention
that the germlnating stripe rust spores formed appressorie on
graln leaves. Also Evans (1907) indicates an appressorium
vith the stripe rust which, rowever, he designated as a "not
very definite structure." On the other hand, Marryat {1507) ‘
and Allen (1928) found that the germ tubes penetrated into the %
stomata without forming appressoria. Particularly Allen, who '
exanined the process of infection with the stripe rust histolo-
gically in very great detall, pointed out the lacking foramation
of appressoria as a characteristic criterion of stripe rust.

I have gone into this point again. Whereas Allsn made her
examlnatlions on fixed and colored cuts, I produced complete
preparations because the maln point was only the investigation
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of the germlination and the primary infectlion process on the
leaf¥®,

It was found that regardless of race, host and germination
conditions, the rermination tubes always penetrated into the

atoma openings of the host plants without forming s marired
appressorium.

Comparative observatlons on P. recondita triticl showed, on
the other hand, a clear formation of appressorla of the germira-
tion tubes, under the same germlnation conditlions, above the
stoma openings of the inoculated wneat leaves.

B. GERMINATION PHYSIOLOGICAL INVESTIGATIONS

Whereas all prevlious physlological investligations on
germination with the stripeé rust and other graln rust typecs
were made wlthout the knowledge of the physlologlcal speclalliza-
tion and, consequently, hardly permlitted a binding statement,
Wilhelm (1931) and Stroede (1933) used for the first times
specific cases of stripe rust. However, they were not able to
find any differences between the varlous races. On the other
hand, Straib (1937, 193%a,b, 1940, 1941) managed to establish
clear differsancos with the investization of & great number of
races, with regard to their germination reaction to artificilal
substrate. As was mentloned, these differences showed morpho=-
logically in the growth pattern of the uredo germ tubes (see
paragraph A. 2) and physiologically in tke reaction to various
environmental factors. Particularly lmpressive was the state-
ment made by Strailb that certaln outslide factors such as light

“4n aquecus uredospore suspanslon was spread on germination
leaves and leaves of all stages (also of fleld plants). I used
wheat and barley types of the stripe rust test assortment which
were highly seunsitive or ¥ resistant for the race under examina-
tion 1n the case concerned. The growth layer of the leaves was
removed prior to incculation, or left. After the inoculation
the plants were put into humid chambers (daylight or absolute
darxness, tezmperatures constant 5©, 109, 15°, 20° ¢ or
fluctuating between 15 to 259 C). The inoculated leaves were
cut off after the various periods of incubation (at the earliest
after 4, at the latest after 28 hours) and then they were fixed
up to the decoloration of the leaf tissue (ethanol 50 % 90,
glacial acetic acid 5, formaldehyde 5 parts by volume). Then
they were dyed with a solution of 0.05 % trypanblue in lacto=~
phenol (dyeing period approximately 5 minutes).
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and temperature, are able to clearly wmodify the subsequent
germination reaction as early as durinz the formation of the
spores on the host plants. These influences had previously
never been taxen into account or, as was the case in the perti-
nent invectigations made by Becier (1928) cr Wilhelm (1931),
had not been clarified in a satisfactory manner.

In view of the infectlon findings always observed 1in the
worlkt with stripe rust, which contrazdict all experlence, 1it
appeared necessary to examins agaeln the gerzination process of
a great number of stripe rust races under different conditions.

l.a) The effect of varicus ezar tyves and concentrations on
germination

According to the statements rads by Wilhelm, Stroede,
Straib, and others a solid water agar 13 more sultable for
geraination tests with stripe rust uredospores than a liquld
substrrate. Spores which are on a solld substrate can be dis-
tributed in a Dore even narner; subseguently, it 1s also easier
to gort and count thew becauss the germination tubes whlch are
on liquid media rise from the substrate into the air. iore-
over, Stralb obtalined only a very slight germlnation on tap
water and distllled water, but normal germination on rain water.

l

1

f Remarzable 1s the observaticn mede by Manners (1950)

\ accoréing to wnich dififerenices in germination of a stripe rust
| race may result from the use of different abar qualities under
l otherwise identical geralnation conditions®
}
t
!
'
|
[

Should tne stripe rust really show a rotlceable reactilon
to such differences of substrate, tne indicativeness of ell
gerzination tests 1s made doubtful insofar as they have not
taken into account tnls factor. In the sane way the statements _
gade by Wilhelm and Stralb could bedb eneralized without dif-
ficulty &ccording to wnich a 5§ -~ 6% water azar results in a f
better germination than 1.5 == a,oor according to which the ;
germination rate (gspeed) 1s higher on 5 =-- 6% agar than on agar '
! of low concentration (VWilhelm, 1531).

70 clarify these polnts I have made & number of experi- ;
ments. The germination tests werse carried out in Petrl dishes :

i ¥Significant differences with regard to the development of

ihe process of germination were ascertained in germinatlion tests
wita conidla of Peronospora tabacina when different agar origins
were used (Shepherd, 1962).
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(dlameter of 5 centimeters) and, unless speclal effect of light
were to ve examined, in the dark under thermostatic check.

?rior to tne introduction of the tests I have always brought the
germlnatlon dlshes to the temperature to be examlned. Z=very
test was repeated with three parallels 2 to 3 times. The
germlination percentages were ascervained per gormination dish
for 200 spores, the mean values vere calculated ¢ 1id with the
various specimens the total germlnation pattern was compared
with the computed values (more than 1000 uredospres were sprayed
on each germinatlon dish).

To test the effect of the substrate I have first examined,
in a comparative manner, several stripe rust races on Difco-
Bacto- and lierck water agar (purified agar for nutrient media;
Marck Company).

All races germlnated on ¥erck agar always faster and often
also more completely than on Difco agar of the same concentra-
tion (Table 6 and Figure 2).

Table 6

The Effect of Varlous Agar Substrates on the Germination
(in %) of the Uredospores of Strips Rust
Races; Germinatlon Temperature 10° Ci,
Germination Percentages after 4 Hours

1 !
Race i Merck agar (1 % | Difco agar (1 %)
1 | 65 | 3
7 (Is) ! 98 52
20 A (1) | 64 10
54 i 83 50

¥After 24 hours all races on both agar substrates had
gerninated to an extent of 90 to 100%.

In germination tests with stripe rust races which
sporulated under unfavorable conditions in the season of the
year with little light, also the final germination values on
Difco azar were conslderavly lower than those on Merck agar.
Thus, for iastance, a race showed 77% geramination on a 1 %
serck ecar on January 23, 1963 after 28 hours (and after 3 days)
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under the optimal germinatlion temperature of 10° C, but only a
14 % germination on a 1 &£ Difco agar.

801
§01
404

201

® Hours

Tigure 2. Germination of uredospores of the
stripe rust race 26 on different agar sub-
strates; germination temperature 10° C.

".ierck" agar (2 4 water agar)

< « - = "Difco-Bacto" agar (2 % water agar)

Furtneraore, striking differences were noticed with regard
t0o the gerzination reactlion on agar s0lls after the use of
unwatered and wateredi* fiber agar (quality DAB 6.):

On a substirate which had been obtalned with unwashed fiber
agar, the stripe rust spores germinated much faster than on

substrates which had been prepared with previously watered agar
of the same origin (Table 7).

I was not able to confirm t':es statement made by other
authors, mentioned at the bezlnning, accordalnz to which the
stripe rust uredospores cerminated faster or better on 5 to 6 %
water agar than on 1 to 2 %. BSoth witn the utilization of
Difco as well as with the utillzation of ierck agar it was
found that the germination of azar substrates of lower concen-
tration (0.5 %) developed clearly at 2 faster rate than of
those of higher agar concentrations (2 and 5 %); on the other
nand, no differences were found botween the various final
gernination values. As an example I have given a germlnation
test on Difco agar of different concentration in Table 8.

*Finely cut, washed 48 hours in flowing subsequently dils-
tiilled water, and air-dried again.
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Table 7
Germination (in %) of Uredospores of the Stripe Rust
Race 27/53 on a 2 % Water Agar upon Usa of
Fiber Agar (DAB 6.)

& = untreated agar, b = watered agar#

Germination Germination Germination
time in hours tenperature 10°C temperature 17°C
a b a b
5 62 1] 6 0
7 &7 14 15 1
2L 95 95 90 60

*Finely cut, washed 48 hours in flowing subsequently die-
tilled water, and air-driled again.
Table 8

Germination (in %) of Uredospores of the Stripe Rust
Race 26 at 109 C on Difco Agar of Different Concentrations

Germination

on agar concontrations of

|
L 05 4 2 % 5 %
3 5; 16 1 o
5 | L3 12 3
8 | 88 L7 22
24 } 96 95 92
|

furthermore, I was not able to confirm the statement made
by Straib, according to which the stripe rust spores germinate
only slightly on tap water or distlilled water. The spores of
several stripe rust races germlnated equally well on dlstilled
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water as on so0lid water agar, tne racial differences belng
parallel on both substrates (Table 9.

Table 9
Germination (in %) of the Uredospores of Different

Stripe Rust Races on Distilled Water and 1 % VWater
Agar (derck) at 100 C after 24 Hours

Substrate | Germination of Rn.e
24 7 (Is) 26 55(sz)
Distilled !
veter ! 25 97 98 7
Water agar
(1 %) |23 97 100 8

In tre same manner, tap water (total hardness 3.2 == 3.5
D.E.; pE 5 to 6) proved a sultable geramination medium (rain-
water was not tested).

However, a premise for the geralination on liguld substrate
’ was in each case that the spores were thinly distributed
(aprroxinately 0.5 to 1 mg/3 ml of water in gerzination dishes
of « dlameter of 5 coentimeters) on the water surface because
immersed spores, as is xznown, do not germinate (fo:r literature
ses Becker, 1928).

A separate investigation was nade on the significance of
the hydrogen ion concentrations (see pagze 26).

. On the Dbaslis of tnese results of the investigation I used,

; unless special substrate influences were to0 be examined, a 1 %
rerck azar in all other ceralrnation teses, which was always
prepared fresnly with distilled waler.

Tre striking observation iay here be reglistered according
to which 1In tests wiil uredcspores of different races of
2. reconcéita triticl differences of influence of various ezar
types on the process of germination were not observed. Both on
Difco and Herck agar, on washed and untreated fiber azar, the
brown rust spores had finished germinating already after three
hours in all cases to the extent of wmore than S0 .
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1.b) The offect of different celatin substrates on germination

Various authors have used gelatin algo for germination
tests with uredospores of various rust types, with different
evaluation. Thus, Loezering (1541) observed that the uredo-
spores of P. rraninis triticl germinated on gelatin substrates
of various concentrations less well than on water agar. Sharp
and Smith (1952), on the other hand, found that a 3 & gelatin
1s very suitable for germination of 2. coronata avenae. MNore
precise literature references concerning the sultebllity of
gelatin substrates for germination tests with strlpe rust races
are not avallable as far as I know. Therefore, I examined also
the effect of gelatin types. The following types of gelatin
wore tested: Difco-Bacto gelatin, purified gelatin for nutrient
media (Merck) and an unpurified type of gelatin. Of these types
always a 3 % substrate was prepared with distilled water. The
pPH was with

Difco=-Bacto gelatin (3 %) 6.4
Unpurified gelatin (3 %) 5.6
Merck gelatin (3 %) 4.3

Table 10 shows the development of the process of germination
of the uredospores of three different stripe rust¢ races on these
substrates.

Table 10

Germination (in %) of the Uredospores of Stripe Rust
Races on 3 % Gelatin iHedla; Germinatilon Temperature 10°© C

Race Germinavion on

Difco gelatin ‘Unpurified lerck gelatin

35 lreletin 3 % 3%

|3hrs, 6éhrs, 2uhrsléhrs. éhrs, zuhrs.bhrs. éhrs. 2Lhrs,
7(1s) 141 79 100 133 78 98 | o 4 85
26 60 85 100 | 40 76 100 1 é e8
55 (sz)! O 1 2 10 1 3, 0 0 0

| .

It was found that the races 7 (Is) and 26,as well as a
few other stripe rust races which are rnot listed here, finished
gerauinating almost completely on Difco gelatin and unpurified
gelatin, the germination rate on Difco gelatin belng higher
than on the other gelatin substrates. It 1ls true high
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geraination percentages were achnlieved on ilerck gelatin with
these races; however, the germination rate (speed) was con-
siderably lower than on the other substrates. Above all, the
longltudinal growth of the germ tubes (also with other races)
was sreatly retarded on kerci gelatin, which 1s not shown by
the table. The germ tubes reached only lenzths of & maximum of
300 u on merck gelatin soils whereas, on the other gelatin sub=-
strates, the germ tubes lengths of more than 1000 p were
measured.

The reason for this retardation on ierck gelatin is
Probably mainly explalined by the relatively high acld reaction
of the substrate (pH 4.3). However, with other experiments
als0 on Merck gelatin with a corrected pHX value (5.0 minus 6.5;
acdition cf phosphate buffers or n/l0 NaOX) a significant al-
though slignhtly lower retardation of the zrowth of the germ
tubes was observed.

In race 55 (Sz) no gerzination appeared on the llerck
gelatin at all. However, the uredospores of this race also
gerninated only in traces on the other gelatin origins. Tne
strixingly low geruination of this race was always found agaln
in ay subsequent numerous experilimentis rez;ardless of whether
gelatin or agar substrates were concerned.

In further tests the lmpact of various geletin concentra-
tlons on the germination was exanineé. In concentrations of 2
to 10 4 no difference of effect was found within the same
gelatin type on the germination of the tested races.

However, In the simultaneous testing of suitzble gelatin
and agar suovstrates, 1t was found tzat the gercination of one
and the same spore oricin was to a =reat extent the same on toth
substrates. As was already mentloned (coxpare Paragranh A. 2)
the growth pattern of tre zerz tubes characteristic for certain
stripe rust races was ldentlczl under the same temperature con-
éltions, on gelatin substrates (with the exceptlon of lercx
gelatin) and on azar. DZowever, 4zar substrates are morce sultable
for comparative sermination tests than celatin solis because
in the latter, above 21l at hizh temperatures (around 2C° C), a
liquidation (thinning) occurs frequently (decomposition of
gelatln on account of varlious bacterla brouzht in) and thereby
the germination of stripe rust spores is greatly impaired.

With repeated gerzination tests with uredospores of
P. recondita tritici which were carried out parallel to the
gerzination tests with stripe rust spores (at 10 to 150 C), it
was oObserved that the wheat brown rust spores had finished
gernlinating on all three types of zelatin used already after
three hours to the extent of more than S50 %. Here it was again
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found that the uredospores of the brown rust do not react to
different substrate influences in the same manner as the stripe
rust spores. However, a reservation must be made: the longi-
tudinal growth of the germ tubes of brown rust spores on ierck
gelatin {pH 4.3) 1s clearly smaller than on other types of
gelatin, similar to the strlips rust.

l.¢c) Effect of hydrozen ion concentrations on germination

The effect of various hydrogen ion concentrations on the
germination of stripe rust uredospores was so far exclusively
analyzed by Stralb (1940) with several stripe rust races. There-~
fore, 1t was desirable to check his flndings and to supplement
them. Among others 1t was necessary to examine the effect of
different substrates and ions in connection with the pH effect
ol the siripe rust.

In his experiments Straib had used a 2 % water agar and
the various pH values were set by adding n/10 HCl or NaOH to the
water of the sclution. I used the same method¥.

However, for the test series I used only a 1 % water agar
(Merck) because no differences had resulted in the preliminary
experiments in the germination values (after 24 hours) when the
germination was tested on 1 or 2 % water agar. The germination
speclimens were put up at various temperatures, always 1ln the
dark thermostat. Germination temperatures around 1C° C proved
most suitable for comparative tests. The germination per-
centages were ascertained after 24 hours.

Figure 3 shows the germination of stripe rust races 2 A
and 7 (Is) of 1 % agar with different pd. The two races
gerzinated to a different extent; however, they showed a pH
dependency which was in agreement. Trhe ninizmum was in the scild
range at pH 3.0, the optimal range between pH 5.0 and 7.0 and
the germination limlt in the alkeline range about pH 10.5
(measured 11.2).

¥JIith the addition of NaOH (or XOH) to non-tuffered water
agar the pH drops, to a certaln extent, at the beginning.
Therefore, the spores were only sown on such substrates after
an approximately constant pH had been achleved. In all sub-
strates I ascertained the pH potentiometrically by using one-bar
neasuring chains (Schott Company) -- (Potentiometer: Freye

Compan¥; pH measuring range: 1 to 1l4; measuring accuracy:
0.1 pH).
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rigure 3. Germlnation of uredospores of the

stripe rust races 2 A (- = = =) anéd 7 (Is)

) with cifferent pH (for detalls see
Text).

Straib found as a2 minimun a pH of 3.4 to 3.1 and an optimum
of approximately 5.0 to 7.0 on a 2 % a,or, depending upon the
race. 7Thus, my data agree wlth the value:s Tound by Stralb to a
great extent. The lizit of germinatlion in the alkallne rance
wa3 not ascertained by Straib. However, wilh a pik of 8.5 he
still founc falrly hipn zoralnation percentszes with the races
tested by nin.

Silica gelsi of varlious pH values wele also tested by hia
in order to clarifly whether tncre 1s 2 relcationshlp tetwecn thre
naterial condition of the substrate and the hydrocen ion concen-
tration. As an inorganic and largoly neutral substrate silica
el had proved sultable in gerwination tests with 2. =raminis
tritici (Fuchs and Gaertner, 19SE).

The results of germination tests with varlous stripe rust
races on phosphate-buffered silica gels (pi 5.0 to 7.5) are
given in Table 11l.

¥PFrom an approximately 3 % wNa silicate solubtion (ia sili-
cate pure, dry; Xerck Company) first silicic acid sol was ob-
tained according to the method of Taylor (1$30) =-- (ion
excranger: Lewatit S 100; Bayer-Leveriusen Cozpany). The
aqueous clear silicic acid sol obtained in thiec nanner had first
& pZ of approximately 2.8. 3By adding a basic phosnnate salt
solutlion (method according to Fuchs and Gaertner, 1958) clear
s1lica gels were obtained, the pH values of whichk could be set
accurately within the range of 5.0 to T7.5.

a7




Rl i a2 L il

Tanle 11

Geraination of Uredospores of a Few Stripe Rust Races
on Phosprate-3uffered Silica Gels of Different pH;
Germinatlon Percentages after 24 Hours;
Germination Temperature 10° C

Substrate Geraination of Race

Silica gel 7 (Is) 23 54
vl 5.0 95 96 92
o 5.5 o7 96 93
nl 6,0 70 66 63
i 6,5 L2 37 30
ol 7.0 33 20 15
™H 7.5 6 2 “
Vlater agar ’

In these tests which were repeated ssveral tlmes, 1t was
always found that the uredospores of tne tested races were able
to fully germinate on silica gels within only a pH range from
5.0 to approximately 5.5. Froa a pY of approximately 6.0 on,
clear germination depressions appeared on these substrates
and with a pH of 7.5 all races gerzinated as traces only. This
was observed particularly clearly in tests which were conducted
with a spore material under unfavorable condltions, durinz a
season with little liznt. Here the spores germinated alrea%y
with a p¥ ¢f 6.5 only %o a very slight extent (less than 1C%).

Also on silica gels which had been prepared by precipita-
tion of silicic acid sol with n/10 KaO:/NaCl, the stripe rust
spores germlnated as on phosphate-buffered sillca gels, that
1s.gere again the germinatlon diminished conslderably from a pH
of 6.0 on.

In parallel germination tests of stripe rust spores on 1%
water agar which was adjusted by en addition of n/l0 HCl or
n/10 NeQH to a different pH value, and on silica gals of the
same pH levels (addition of n/l0 NaOH/NaCl or basic phosphate
salt solution), it was possible to ascertain that the optimum
pH for the germination, 1ln accordance with the above-mentioned
data on agar, 1s wmuch broader than on silica gel. The graphic
presentation of the results of germination tests with spores of
race 26 shows this clearly (Figure &).
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Flgure 4. The geraination of

uredospores of tne stripe rust

race 26 (at 10° C) on agar and

silica gel substrates of dif-

ferent pi,; zermlnatlon percent-
ages after 24 hours.

- = = = = = yater agar, 1 %
(sierckx), pE adjust-
mant by edding n/10
HC1l and n/10 NaOH.

Jussment by adding
n/10 NaOH/NaCl

The reason for the geraination guotas on silica sels
dropping sharply at only a pl above 6.0 can provably be explalned
by the fact that relatively higzgh concenirations of vuffer salts
or »nall must be acdded in order to obtaln froa relatively acid
siliclc acid salis (pi 2.8) sillca gels of slizhtly acld,
neutral or slightly Dbasle reaction. 3Suceh an assumption is
‘ supported by tne results of germination test. with various stripe
| rust races on 1 % water zzar and distilled water in whicn
potassiun phospnate buffers or phosphate buifers accordinz to
Sﬁrensen are used to adjust to certain piZ values (for instance,
6.5): with a buffer sali concentration of 0.1 mole ani even
with C.05 mole the spores germinated only slightly (approxi-
mately 20 L0 357), wnereas the zerzination on both medic with a
buffer salt concentration of 0.01 mole normal developeé in the

sag%#yay as on the unbuffered control substrates (greater than
90 %)%,

i
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|
lk ——————— = s8ilice gel, pH ad-
|
!
|
|
i
|

LY - - - - -

. ‘Very similar observatlons were also made by Sell and Daly

i (1662) in germination tests with urccospores ol Lromvces
pnaseoll on phospnate-buifered zeraination substrates.,
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Also with comparative rermination tests on alkallne,
artly unbuffered, partly ouffered with C.C5 mole of zlycol,
% azar 50ils which were adjusted to the same pi values by
corresporndinz additions of n/10 kaCd, the germinatlion was
almost completely sudpressed on tne bulfered substrates as e
result of the relatively hizh concentration of NaOi already at
a dE of 9.0 (0.05 mole of zlycol alorne did not inhiblt the
germinaticn) whereas the uredospores on the unbuffered agar
substrates (with a slight additlon of NaOK) finished germinating
with the same pH s:uill to the extent of approximately 60 %.

[ Sate]

I conducted the tests analyzed so far in whlch the eoffect
of different pH values had been examined always at optimum
germination temperature (10° C). In these tests a clear de
crease of germinatlon was ascertained with an increase in the
acldity of agar substrates (approximately from a pE of 4.5 on)
-~ (it was possible Lo prepare and examine silica gels according
to the above indicated method from only & pH of 5.0 on).
Aceording to Straib (1940), however, a reisatively high acldity
of the agar substrate may at the same time have a surprilsing
effoect: 1f, in his tests, stripe rust uredospores were sown at
high teuzperatures (hlgher than 200 C) on a 2 % water agar
acldified with n/10 ECl at a pH of 4.4 to 4.6, then the spores
germinated more fully than on pure water agar (pH 6.0 to 6.2).
Thils meanc that through the offect of the acld the germinatlion

depression, depending on the high temperature, was more or less
compensated.

I have checked these statements made by Stralb on several
stripe rust races. As 2 substrate I again used 1 % water agar
(ierck); a pH of 4.5 was set by adding n/l0 HCl, diluted HpSOy
or &0z to the agar solution, and the gernination speclmens were
put on the various substrates at a temperature of 22° C,

The results of a test serles made with the races 7 (ls)
and 54 are given in Table 12.

Thess tests, whlch were repeated with other stripe rust
races with the saae results, lead Lo results quite similar to
those obtalined by Straib. In addition, it was found that
diluted HNOz and HpS0y4 had the same effect on the geralnatlon

as RCl. %his was also proven under different conditions: with
& germination temperature of 10° C all thres acids had the
effect, without exception, of a delay ~f tre relative germina-
tion rate, from & pi of 4.5 on, shnowlng che same drop of the
gercination percentages and a smaller ~¢-'’th of the germ tube.

Tho pX mininmum of the ge.mination was >. . Lo 3.0 in all tested
aclds.
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Table 12

Influence of the Hyarogen Ion Concentration of
Varlous Acids on the Germination of Uredospores of
Stripe Rust Races at Higher Temperature (Substrate -
1 4 VYiater Agar; Germination Temperature 22° C;
Germination Percentages after 24 Hours)

pd of the Substrates Germination of the Race
7 (1s) 5L L
6.2 (Control) L 6
L.5 (HCL) 73 63
Lo5 (HNOq) 78 69
o) \stBA) 71 75

The influence of these inorganic acids on the germination
does thus not depend on their anions under the selected test
conditions. A completely different picture was obtained with
the use of an inorganic acid. Thus, I found, for example, that
the germination was completely retarded wlth every race and at
every temperature on agar substrates which had been ad jJusted by
a small addition of pure acetic acid at a pH of 4.5 (0.02% of
acid added) or by a still higher acidity.

B. 2. The Effect of Outside Factors During the Formatlion of
Spores on the Subsequent Germination Reactlon

The development of the process of germination of the
uredospores may be influenced by various outside factors which
have an effect as early as during the fructificatlion of the

funs?s (Becker, 1928; Wilhelm, 1931; Stralib, 1940; Manners,
1950).

Some of the statements made by Wilhelm and Stralb concerning
tho effect of various outside factors on the subsequent reaction
of the uredospores in the germination process are completely
divergont. Unfortunately, 1t is very difficult to compare the
findings with each other since Wilhelm made his experiments
with unusually slow germinating stripe rust spores, whereas

Strald worked with spore material which germinated relatively
fast and well.
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2.a) ozt plant

sccording to Straib (lG4C) the kinds on which the uredo-
gtocks were formed had no specifis effect on the subsequent
reaction of the sporces in geralnation.

In my test series wnich I conductad for more than two
years, I was cble to observe under very different geroinatlon
condlitions that again after simultaneous sporulation ¢f a race
on various wheat or barley kinds, the reaction of the uredo-
grores in the germination was the same.

Also between spore origins of the szme race which had been
foramed in the usual manner on germination plants or on leaf
cuttinzs (leaf cultures of infected leaves on distilled water
with and without the addéition of 1C to 30 ppm benzimidazol or
on al to 5 % clucoss soiution) of different kinds of wheat, no
evidence of differenies in the reaction durinz the germination
was establlshed when the spores ra. wveen propagated at the same
time and under the same temperature and lizsht conditions.

2.b) Tenmperature

Eriksson and Henning (1896) were tne first to find that
the temperatures prevalling durlng the fructificatlon of the
stripe rust have a subsequent effect on the reaction of the
uredospores during the germination. Subsequently,Wilhelm (1931)
and particularly Streldb (1940) have examined this phenomenon
nore closely. However, Straib arrived, 1n part, at entirely
different results from Wilhelu. whereas Wilhelm found that the
uredcspores of cdifferent races forired at low temperatures
(below 10% C) did not serminate, Straib, on the other hand,
established clearly that precisely a very low cultivation
tezperature (approximately 29 C) coapared to the usual cultiva-
tion temperature of approximately 15° ¢ strikingly stimulated
the subsequent geralination of the stripe rust spores. On the
other hand, Stralb ovserved that also particularly high fructi-
fication temperatures (higher than 20° C) could -ave a favorable
‘ effect on the germination cepaclity. However, the suvsequent

effects of the cultivatlon tezperature were established only at
specific¢c geraination temperatures.

I was not able to check the lapact of extremely low
fructification temperatures. However, as Stralb,I have always
observed that the zermination of different stripe rust races
was at least not smaller, after a cultivation at 8 to 109 C,
than at a fructification temperature of 15° C, as maintalined by
Wilkeln. In agreement with Straio it was further found that
hign cultivation temperatures (around 20° C and above) increase
] the subsequent germination rate (particularly apparent at a
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geralnation temperature of 10° C) and at the same time the
maxloum temperature of germination compared to those spores
whichk had been formed at medium temperatures (around 15° C).
Thls was found at different cultivation temperatures in the
greennouse (Table 132) and with a comparative germination process
betivween spores of race 24 forzed partly in the greenhouse at
159 C, partly outdoors# at hizh sumaer temperatures (maximun
299 ¢) on barley of Fonz-Tien (Table 14).

Table 13
Zffect of the Fructification Tempercture on
£ e
“

oe
Subsequent Germination (in %) of the Uredospores
of Stripe Rust Races (Substrate 1 % Water Agar)

IFructification [Time ef germinatioﬁ__ Germination of Race
teuperature i (in hours) 7Y T 20 (T)] 26
209 250 | 20° 25° [ 200 250
f i
15° 3 0 0 1 0 {0 ©
20 ‘s o 9 o0 (17 1
15° - 2 0| 3 o0 17 o
20° > 203 |20 1 |5 4
I |
Tedble 14
Zffect of the F.‘uCti.LCht;Qf Texperature on
Subsequent Gerninaztion (in %) of tae Uredospores
of the Stripe Rust Race 24 (Sudbsirzte 1 % Water Agzar)
" Germinaliorn av
Culture 10°C Z0°C 2598
in: | afier ! arter ! after
'3 hys, 24 nrs,_|_3hrs, 24 nrs. | 3 hrs, 24 hrs.
= — —_— = : e e e ———
Green- ‘ T l ' . ! !
house ¢ 12 ‘ 98 I 1 l 15 .0 | 0
at 13°s ! , i i !
Qutdcors | | ' ] ;
at 18 --| 65 99 ] 4 94 ( 1 3
29°¢_ | |

*The plants from the fleld were zept under snaded 3zlass
cases during the subsequent sporulation (1 éday).
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2.¢) Humidity of ailr

Tests were made with resard to the influence of the rela~
tlve humidity of the air durdinz the fructification on the
subsequent geraination reaction of the stripe rust uredospores
by Wilhelm {1931) and Strai (1940). These tests azain led to
completely different resulta. Thus, Wilhelm observed only a
small geraination (maximum of 15%) of the uredospores Wren
same, sgoveral days hreviously, had remained on the host plants
under a relative air humidity of 85%, whereas the spore bio-
types of host plants which were Kept under 55 =« 70 £of pure
humidity completed the geralnation to an extent of wore tizn
90¢%. However, Straib found that Preclsely in thls case the
geralnation capablllity or rate of the uredospores was lower if
the sporulation had taken Place freely in the greenhouse in-
Stead of glass cases (puro huzidity hizrer than 95%), et a
relative air humidity of approximately 65 ~- 70% and the
sporulating germinatlon plants had remained under these condi-
tions for several days befcre the Spores were brought to sermina-
tion.

In my investigations I have putl the Infected host plants
always under glass shields, with beginning sporulation, under
whlch, due to humig rotting soil and the molsted peat baslis, an
almost saturated atmosphere Prevalled (pure hucidity higher than
95%). This had 1n no way an unfavorabie effect on the
germination capacity of the uredospores. Thus, my observations
agree with the findings of Sirailb. woreover, I was able to
confirm the statement made by Stralb according to which the
geraination of spores which had been forzed freely in the green-
house (pure humidity 60 -- 65 %) developed clearly at a slower
pace compared *o those spore blotypes which had been formed
under the glass shields under a high air humidity (pure
humidity higner than 95%) under otherwise the same conditions.
However, no differences were found between the final germina-~
tion values of the two series (Table 15).

Table 15

Effect of Alr Humidity during Fructificatlon at 159 ¢ on
Subseqi.ent Germination (in %) of the Uredospores of Stripe Rust
Races (Substrate 1 % Water Agar; Germination Temperature 10° c)

Relative Xr Huml- | Gerninatlon Time Germination of Race
dity During Fruce in Hours 7 {Is) 26 5%
tification
5 35 20 24
60 - 65 % 5 66 55 50
24 100 100 98
.-----'------------P-----------”&---------------n-----------
3 86 82 71
Avove 959 5 94 97 95
| 24 100 100 100
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2.d4) Licht

Variousa authors have attached different significance to
light conditions during fructification with regard to subsequent
germinztion of the uredospores. According to Lecker (1928) and
Wilhelm (1931) & direct exposure to 1izht 1s sald to accelerate
the "germination maturity*' of the uredospores and therewlth
increase the germination capaclity.

Accordinzg to 3traib (1540) not only the germination rate
but also the maximua germination temperature of the stripe rust
Lecedospores 1s reduced 1n the event that the test planis are
darkened with starting pustule foramation.

I made germlnation tests witnh spores (stripe rust race 26)
of test plants in order to checL these data; these plants were
Xept under the same conditlons or cultivatlon (diffused day=-
light, room temperature 159 C) until shortly before the burst
0f the pustule. ith the opening of the first uredostocks some
of these plants were covered with dark glass shields (paper

lining) for three days, the control plants remaining under the
bright zlass snields.

Tre results of these tests are summarized in Table 16.
They agree with the Tindinzs of Stralb iraszuch as the germine-
tior. rate ard the maxinuz germination temperature of the spores
formed in dirffused daylizht were clearly bigher than with the
uredospores formed in the dark.

Consideravle éifferences in the zerwlration reactlon of a
race vere mainly found among uredo generztions whlch haa been
cultivated in the greenhouse in different seasons of the year.

Propazaticn and germination tests in spring and summer
periods of 1981, 15662, 1963 and Qurinz the fall and winter
months between these verlods showed repeatedly that thne uredo-
spcores forped durinzg the bri time of tre year (april until

ch
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o s

o
ter and more completely (with
g the races) than those forzed in rall anc

Gifference n

j Y, the gerzlnation depression was particularly
e
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vinter. U
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shorter daylisht nontas (Sovemver until

1 \ N N
Tho tern "germinatlon maturity” which was also used by
Scrhaffnit (2909) 1is not very accurate and carnot be deteramined

since the germination capacity of the uraedospores depernds on
different factors.




in the germination reaction c¢an probably be explalned, at least
in part, by the differences in light conditions durlng the
various seasona of the year in the period of fructificatioen,
since the germinatlon rate and, to a certain extent, also the
final zerminatlon values developed approximately parallel to the
rlse and drop of the dally crowth lenzth in the course of the
year, as 3ecxer had found in 1928. However, I have repeatedly
found exceptions to this rule. In these cases it 1s necessary
to take into account factors which have a stronger effect. I
will come to this in more detall in Paragraph B. 6.

Table 16
Effect of Light Conditions during the Last Stage of

Fructificatlon on Subsequent Germination (in %) of
Uredospores of Stripe Rust Race 26 (Substrate 1 % Water

Agar)
Light conditicns Germination Jermination efter Hours
Temperature(Cl 3 5 24
darkened 10° 22 65 100
diffused daylight i 91 98 100
darkened 20° @ - 0 2
diffused daylight - 19 68
darkened 22° - - o}
diffused daylight - - 39

B. 3. The Direct Zffect of Environmental Conditions on the
Germination

3.a) Lizht

In literature different, partly even contradictory, data
are given concerning tre effect of light on the germlnation of
uredospores of stripe rust. Eriksson and Henning (1896) were
not able to observe any cifferences in the development of the
germinatlion process bhetween germ specimens on water exposed to
lignt and such specilmens not exposed to light. Also Wilhelm
(1831) who, contrary to Zriksson and Henningz, operated with
specific stripe rusi races and used solid water agar as a sub-
strave, made statzments in the same tenor. On the othsr hand,
Stroede (1933) found that at germination temperatures between
11 and 17° C the germination rate was clearly higher within the
first six hours in darxness ’han under exposure to light (day-
light or artificial illuminaction). The results obtained by
Stralb (1940) contradict Stroede's findings; Straib found that
at germination temperatures above 13° C the germinaf{ivn rate of
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light-exposed stripe rust spores was clearly higher than that
of uredospores germinating 1n the dark, and that some races
sermlinated much more in light. Only in the case of race 20
which distingulshed 1itself from all other strips rust races by
a very wide germination teaperature optimum range and high
germination rete, and, in general, with low temperatures (10° ¢
and below), Straib did not find sny differences in the develop=-
mernt of germination between lizht-exposed and covered serles.
Recently, lcCraciken and Burleigh (1962) have also found that
the germination of voth fresh and preserved uredospores of

P. striiformis was clearly encouraged by exposure t0 light.

The stioulation of the germ by lignht was found only at a
slightly h1$her germination teamperature (> 13.5° C) in agreement
with Stralb's data, whereas at lower temperatures no difference

was noticed between the geraination of dariened and light-
expoged series.

I have azain conducted tests with various stripe rust races
in order to clarify these partly contradictory data. As a
germination medium I selected 1 % water agar (i{erck) in Petri
dishes which were set up in greenhouses with approximately
constant temperature (159 ¥ 19 C) -- (on tre northern side only
diffused daylight). The light intensity closes above the
gernination disres fluctuated during the first 5 -- 6 hLours
after start of the test, between 2200 and 5000 Lux. The dar:r-
exposed serles were directily at tne side of them.

Thne btest results listed in Tadble 17 show that the spores
coupleted thne germlination much faster and also better in teras
of percentage wihen they were not darzened.

Table 17

Effect of Lizht on Germination (in %) of Uredospores
of Various Stripe Rust Races (Substrate 1 % “ater Azar;
Geraination Temperature 14 =- 16° C)

Race Exposure of the Germination Germinatiorn after Hours
Dishes to Light 3 5 2k
204 (T)| Diffused daylight 71 82 g3
Darkness 35 43 46
55 (D) | Diffused daylight 19 30 84
Darkness 2 4 75
26 Diffused daylight 120 81 -
Tarkness 14 29 -
54 Di ffused daylight - 84 -
Darkness - 37 -
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Thus, my results agree to a great extent with the ex= i
preriences galned by Straib, McCracken, and Burleigh. ;
I was not able to confirm the statement by Straib according to |
wnlch race 20 germinated in darkness at the same rate as in

However,

1lgnt. But the difference in the reaction of varlous origins of
this race has been often ¢bserved by me so that a comparison
with the race 20 tested by Stralb 18 very questionable.

Let us examine the literature references indicated at the
beginning (Eriksson and Henning, Wilhelm): the diverging re-
gults of Zrlksson and Henning as well as VWilhelm may possibly
be explained by the fact that thege authors conducted thetir
research only at low temperatures where no differences can b

ascertalned 1n the germination reaction between light-exposu:
and dark-exposed spores.

The data glven by Stroede with regard to the effect of
light on the germination rate cannot be considered reliable

because the temperatures fluctuated to a considerabls extent
during his tests.

3.b) Tempsrature

et —

Previous research conerning the effect of temperature on
the geralnatlion of uredospores of P. gtriiformis (for example,
LZrixsson and Henning, 1896; Schaffnit, 1909; .enta, 1523) was 1
conducted without a knowledge of physlologlcal speciallzation.

Howevar, most of the older authors had racognized that stripe |
rust, unlike other grain rust species (compare Stock, 1931), ;
prefers generally lower temperatures for the germination.

Stralb found for the first time in 1937 that individuel stripe
rust races have sgpeciflic temperature needs.

amnr M_u.m.wul.n.‘A,wmi.}.wu,_ RIRPN
rctonm i st o . R

Table 18 lists the main points of germination temperature

of uredospores of B, striiformis as indicated by the various
authors.

Since not only patnogenlcally different stripe rust races
but also blotypes partially identical as to pathogenity show
different temperature claims in the germination, according to
Straibd (1939a§, I snould azain examine the germination of
various races and origins at different temperaturss.

oot it b Ak bbb it

“he statement made in Parazrapn II is applicable to the
cultivation of spores. The spores formed at approximately
150 C. The subsirate was only water agar (1 %, xerck); the
gera specimens were used always in closed Petrl dishes in dark-
ness and exposed to light for a short time only during the
ascertalinment of the germ numbers. Since no seriss thermostats
but only a fow individual thermostats were avallable, 1t was

e e e bt i
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only possibdle to apply simultaneously & few temparature ranges
for the experinents. For technical reasons it was only posslble
to test a limlted nuaber of racos slmultaneously.

Table 18
Literature References Concerning the #aln Polint of

Germination Tezperatures (in 007 of the Uredospores
of 2, striiformls (Forms Crisinating rrom Grain)

———— o -

Author Teumperature [Tenperature | Tempelrature Remerss
Ninloum Optinun Maximuz
Yehta, 1923 2==3 ? 29 no cefinlte
ruces uged
Wilnelm, 1931 (< 5)% 10--20 25
no ditfleyr=
enzes round
Stroede, 1933 >0 l1--12.5 25-=28 in taz re-

acsion of
) races dur-

Newton and

| inz gerui-
Jonnson, 1636 (< 2)# 10-=-12 22==25 | nation
| |  23==25 differences
9=-=11 in reaction
Straib, 1940 <2 partly 28 of indi-~
- vidual races
partly 15 or 25.56
llanners, 1950 (< 5)w 10-=13 22.5=-=25 -

3., - . R .
No accurate data are avallable where parentheses are
e:nvered.

In the ascertalinment of the peain teonperatures I todoix into
account exclusively the germ percentages but not the rate of
cera tube growtn and not the final lengpths of the gera tubes

elther. I considered the temperature optimum for the
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germlnation of o race to be that interval where the uredospores
achieved full gerzination or thoeir higheet germlnation par-
centaze within a very short time.

In the majority of tested stripe rust races I ascertained
a temperature of approximately 10° C (9 ==~ 120 C) as the optinmal
geraination temperature on 1 % water agar, regardless of
whether fast or relatlively slow germinating races were con-
cerned (compare Figure 5).

Flgure 5. Zf"act of tenperature on germi~

nation of ur.~ :gpores of a few stripe rust

races (substrate 1 % water agar (Mercx);

germination percentages after 4 hours re-
spectivaly).

=race 2 A

race 7 (Is)

race 20 a (7T)

]
]
!
i

Stroede, Straib, and iianners (see Table 13) found approxi-
mately the same values as Optlamun teaperature with the stripe
rust races tested by them on water agar. DBut Stralb also found
a few stripe rust races the zZermin..tion temperature optimum of
which was clearly higher than that of most other races. I was
eble to confirm this inasmuch as the races tested by me 20 A (T)
and 20 A& (Gr) had - hlgher temperature optimum (at 15° C)
(compare Fizure 5).

I wvas not able to find the strixingsly wide optlmum which
Strald has ascertalined for the origins of race 20 used by him.

I found the minimum germination temperature to ve approxi-

mately 1° C with almost all races. Only the origins (7) and
(Gr) of race 20 A geminated already at 59 C only still in
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sporea (approximately 3 %),

whereas other races,

for example,

races 7, 23, 24, 26, and 54 still showed a germination of 70 --
80% at 2° C after 24 hours.

The teamperature maxizsum fluctuated, depending upon the race,
under the selected test conditions, between 20 and 26° C, as

can be seen from the list 1in Table 19.

Germination (in %) of Uredospores of Wheat Stripe Rust

Table 19

Races at Different Temperatures (Substrate 1 % Water Agar)

Germinaticn at

Race 10%¢ 200¢ 24°¢ 26°¢C
6 hrs. 24 hrs, 24 hrs, 24 hrs. 24 nrs.
1 22 41 2 0 | 0
2 A 10 1% 0 0 0
7 (?) 96 100 72 3 0
7 (Is) 94 100 70 4 0
8 (D) 37 65 2 0 0
9 (Ke) 95 100 71 . 0
20 4 (D)| 16 19 3 0 | 0
20 A (T)| o7 93 49 5 0
26 98 109 74 12 2
27/53 92 98 60 2 0
32 A{3z)| ¢ 33 1 0 0
42 A4 65 78 35 1 (0]
54 (D) 84 96 56 1 0
55 () 70 90 14 o] 0
55 (sz) | 11 15 o] o} 0
The resul.s listed in this table originatea Ironm test

serlies

in vwa
been tested under

ditionc simuitaneously.

s & a
Seraination

ich parallel propagated wnoat

ons with
rinciple,

lve rust races had
the sams cultivatlon znd fructificavlon con-
With several rep
urecospore generatlions of the same race,
reaction was obgerved.

QLner
Lhe sace

It wvas always founé that the races serainating relatlively
quickly and fully (for Ainstance, 7,
mediws tempersiure of weralnation (& -- 159 ) showed
Nlrnest geralnatlion percentares at hlgher tempneralures walch
approached the maximum; they also had the hirinest ~ernin
temperature maxlzun as hacd been found previously by ©

(1940) ang ianners (1950).

highest temperature maximuam.
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Jlth the stripe rust races and origins germinating slowly
and to a smaller extent (for example 1,2 A, g (D), 20 A (D),

and otherg) only a very slight germination or no germination at
all was obtained already at 20° C, whereas the relatively fast

germinating races still showed a slight germination at 24° C
or even 26° C. '

A comparison of the development of germination of the
barley stripe rust races 23 and 24 showed that the greater

geramlnation rate of race 23 parallels a higher temperature
maximum (Table 20). :

Table 20

Germination (in %) of Uredospores of the Barley Stripe
Rust Races 23 and 24 at Different Temperatures
(Substrate 1 % Water Agar)

Germination aﬁ
Race 10° ¢ 170 ¢ 20° ¢ 240 ¢
3 nrs. | 24 hrs.| 24 hrs. | 6 hrs. | 24 hrs.| 24 hrs.
23 | 70 100 81 25 41 3
24 | 38 97 14 2 3 0

It must now be expressly pointed out that the temperature
maximum for the germination of a race cannot be accurately
established; it differs depending upon the fructification con-
ditions (compare Paragrepn B. 2.b)) and the germination sub-

I nave pointed out above that tuhe stripe rust races
Eerminated much more 1f slightly acldified agar substrates (pH

strate.

5) were used instead of pure water agar (pH 6.2).

Also small

additions of primary Na-, K- or particularly ammonlium phosphate
(NH4H2PO4, 0.01 == 0.005 mole), the favorahle effect of which on

the germination of stripe rust uredospores had been recognlized
by Wilhelm (1931) and Straid (1940), increased the temperature

maximum by 2 -- 30 C,

I was able to confirm this in the germ

test with races 1, 7, 9, 23, 24, 26 and others to the fullest

extent.
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Speclal mention must be made of the differences in the
zermination reaction of pathogenically ldentical bilotypes of
race 20 A dependling upon the temperature. In Paragraph A. 2 I
referred to the different germ tube growth types within this
group. Repeatedly conducted germ tests of the blotypes 20 A (D)
and 20 A (T) now resulted in secured differences with regard to
geraination at different temperatures (zermination rate,
teaperature maximum and final germination values) as can be
secn from the average results %computed from numerous individual
values) listed in Table 21.

Table 21
Germination (in %) of the Uredospores of Two Origins

(Biotypes) of the Stripe Rust Race 20 A at Different
Temperatures (Substrate 1 % Yater Agar)

'Germination at
Blotype 10°¢C 20°¢ 22% -
6 hrs. 24 hrs, 6 hrs. 24 hrs, 24 hrs.
20 A (D) 16,0 30,0 3.0 5.6 : 0
(I5.0) (2}7.0) (il.3) (1?.5)
20 A (T) 71.0 83.5 37.0 48,4 40,0
(47.2) (+14.5) (+4.8) (+8.8) (+0)

A blotype coning from Greece, race 20 A, showed the same
zermination reaction under all temperature conditions as the

type from Turkey. The growth pattern of the germ tubes was also
the same with these two blotypes.

Striking differences in the germination reaction and
temperature dependency were found between two blovypes of the
wneat stripe rust race 55, which were always confirmed in re-
peated tests of various uredospore generations: the French
type zZerminates always relatively fast and at approximately
10 -- 15° ¢ completely in most instances, whereas the Swiss
blotype germinated extremely slowly and to a very small extent;
with this origin the temperature maximum was always approxi-
mately 3° C lower than with the French biotypes.
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3. 4. Thne Fructification Period as a Characteristic Feature of
Indlvidual Stripe Rust Races

raturally, the frucvification period of stripe rust is
greatly influenced by environmental factors, particularly the
toemperature and 1liumination. As soon as these factors drop
below the optimuzm, the start of sporulation 1s delayed accordinzgly.
. This relationship is shown particularly clearly with the coupari-
son of the fructificatioi times between suamer and winter
cultivations. According to Manners (1950), for example, the
fructification time with P. striiformis 1s only 10 =-- 12 days
in suzmer, but 13 =-- 18 days in winter. In view of the
dependency of merely the germination rate alone upon varilous
environzmental factors, described above, thlas cannot surprise us.

I have observed sinlilar fructification times as indicated
by iznners, with tne continuous propagation of stripe rust races
on wheat and barley germ plantc at an average greenhouse
temperature of 159 C. In addition, I was able to ascertain that
clear differences resulted in the fructificatlon time of indi-
vidual strive rust razces, in splite or a simultaneous inoculation
encé parallel cultivatlion under the same envirormental condi-
ticns: some races, for instance, during the summer months
sporulated after only 10 days; others started to fructify only
after 12 days. During the season with poor light, the fructifi-
catlon time was longer by an average of 2 ~-~ 3 days. The rela-
tive differences between the races, however, remained in all
seasons, regardless of the apecleg of host, provided that thney
were highly susceptldble species. Therefore, we can classify
some races as relatively fast fructifying races (for exarple,

7 (Is), 26 z2nd others) and otners as slowly fructifying races
(for example, 2 4, 55 (5z)).

It must be polnted out that a clear relaticnship exlsts
between the fructificatlon time of one race and its gerulination
reaction. 7hose stripe rust races which geruinated fast had
high germination numbers and &« higher tenperature maxlmum, wWere
also characterized by a shorter fructillcavlion time than the
* reces which germinated slowly and had a lower temperature maxi-

oum.

|
i
H
!
|

, I rave reproduced che values coserved wlth races 2 A and \
7 (Is) in Figure 6. !




Fruktitikations = (7)
164 Zzeit (Toge)

15+
14 4
13 1
12 4
11 4

10 -

9 4

T Y I mmwQx Xruxm@i I oK Y
1962 (2 Jonreszen 1963

Figure 6. Fructification time as a func-
tion of the season with two wheat stripe
rust races after simultaneous inoculation
on Triticum dicoccum tricoccum (cultiva=
tion temperature approximately 15° C).

¢ ——— ' = race 2 A
O = = = =0 =1race 7 (Is)

1 -~ Fructification time (days);
2 == Season.

8. 5. Investizations on the Self-Innhliblition of Germinating
Stripe Rust Uredospores

In the physiological lnvestigations of uredospores of
different specles of rust, attentlion was repeatedly drawn to a
phenomenon which had beon called "self-inhibition'by Allen
(1955) and was in agrecment, to a great extent, with similar
experiences gained previously with other milcroorganisms
(Literature: see Cochrane, 1958, pages 413 -- 415; and Table
22). This self-inhibition was observed by the fact that the
spores completed the germination less with closer distribution.
If spores were suspended in water in large quantities, an inhi-
blting effect was noticed if fresh spores were sown on the
filtrate of the spore suspension, the inhibiting effect de~

creasing with a dllution of the washiny water used for the
spores.
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Yable 22

Literature References Concerning the Self-Inhibltlion
of the Uredospores Germination of Different Rust Specles

Author Specles of Rust

Yurwceod, ‘954 . phasveol:

(&4

Allen, 19%9 P. graminis tritic
Poreysn, 19955 P. gsrezinio triticd
Yerwood, 15956 a U. rhaveo.l
Yarwood, 1656 b L. jzazedls

e eapd
o bDeLlinning

Le Roux urnd Dickson, 1957

x
o
Lol
-
o,
i
.

Wwileson, 1958

o]

P, ¢Ffailiis Lritill
P. nelieninl
F. j0lyyoz. amphibil

Jhased i

[

liaito et s1.,195%9

3

. CoToLLWh
Talieva, 1561 ¥, eubLveolrns

Beli und Taiy, 1%o¢ [ AT I,

cl

Hoyer, 1962 a

TeConalls acnalls

oy

sorgni

{udue

<

Therelore, the cause of the zerm inhibltion was explained
oy a principle of matter ("inkibitor") whilch diffused from the
spores into the germination xmedium. However, it was not
posslipble to ascertaln tne chemical coaposition of the inhiblting
azent so far. It 1s true ~Forsyth (1955) believed to Lave found
trimethylethylene with 2._rrzmniris triticil and Wilson (1958)
thouznt he had found aspartic and glutamic acid with U. _phaseolil
as "self-inhibitor" substances, but 1t was not possible to
furnisn safe evidence of the identity of the inhiblting sub-
stances with the mentioned compounds.




Since no experience was available whether a self-inhibition

develops with P. striiformis in the uredospores, I have examined
several stripe rust races in this regard.

Preliminery tests

A self-inhiblting effect was established in preliminary

tests with uredospores of the barley stripe rust race 24 with
two methods: |

1. The germination percentages drop to a great extent on
agar substrates or distilled water with increasing spore
density (however, it was not possible to ascertain the germina-
tion numbers in an accurate manner with the high seeding density).

2. If spores were suspended for several hours in distilled
vater (approximately 0.1 g/10 ml) at different temperatures
(5 == 200 C) and if, subsequently, fresh spores were put on
througsh a normally distributed thin seeding (< 1 mg spores/3 ml
in germ dishes of a diameter of 5 cm) on the filtered spore
cleansing water, then thelr germination was greatly reduced
compared to the controls.

Material and method

In the main experiments I used spores of the stripe rust
race 24 formed outdoors, and wheat stripe rust races 8 (D) and
54 (compare also Paragraph II). The freshly harvested spores
were suspended in 200 ml Zrlenmeyer flasks at the ratlo of
1: 100 (0.5 g of spores/50 ml) in distilled water; the flasks
were closed with a cotton stopper and left standing in the
cooling cabinet for 24 hours and a temperature of +5° C. Sub-
sequently, the spore suspension was filtered throuszh a glass
frit (G 3). Unless prescribed otherwise, the filtrates of the
spore washing water were mixed at equal parts with a 1 &% water
agar and 3 nl of it each were poured into Petri dishes (dia-
meter 5 ca). The germination dishes were set up at 100 C in
the dark thermostat. As a control substance I used 0.5 % water

azar. After 24 hours I ascertalned the germination in per-
centagces.

5.a) Investirations concerninc the mermination inhibitinz
effect of aocueous spore diffusates

Following the filltrates of the spore washing water are
designated by the numbers of the races from whose spores the
diffusates had been obtalined.

Flltered washing water of uredospores of race 24 proved
t0 be greatly germination inhibiting for untreated and
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prevlously washed sporcs of the same race. “hereas the spores
on the conirols zermincted to the extent of 80 -- 95 &, a
germination of onliy approximately 1 -- 5 75 wzs obtained on the
agar substrates contzlnins spore washing water. VWhen the spore
diffusate was diluted stepwise, the gerzlination inhititlion
decreased prosgrezsively (Fisure 7).

!

40 ¢
20 4

F
4 v v v —p—

Q2 €6 @85 48 W

Relative concentratlon
of inhibiting substance

Pigure 7. Geruzination of Uredospores
of Stripe Rust Race 24 on Spore Washing
Water (24) at Various Concentrations
{Germination at 10° after 24 hours)

The filtrates of the spore washing water of race 8 (D) also
innitited untreated and washed spores of thelr own race to a
great extent; here again, the extent of geralnation inmhibltlon
was always dependent upon vhe concentration of the spore Glf-
{usate. The spore diffusates of races 8 (D) and 24 cid not only
:nhibit the germination of spores of its own, but, in boin
cases, also uthat of the other stripe rust race. If, on the
otner handé, spores of race 7 (Is) were put on the spore washing
waters 8 (D) and 2% for germination, tren they were not in-
kibited or only to a small extent; I was able to ascertaln this
in tne same manner in five different tests wnich I had repeated.

I was able to observe this difference 1rn the innidbiting
effect to a great extent with tests of cifferent diffusates and
races which I had repeated several times. Diffusate 24 in-
r.iblted, for example, the geramination not only of race 8 (D) to
a great extent, but also the germination of 20 A (D); it

3=
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»-ovented alinost completely the germination of the barléy stripe
rust races 23 and 24. Not inhibited were 8 (Is) and 7 (F),
9 (Ke), 26 and 54, as mentioned before.

Diffusate 54 also inhibited 8 (D) and 20 A (D); it did not
irnibit 7 (Is), 7 (F), 9 (Ke), 26 and, surprisingly, it did not
inhlbit the spores of the same race 54, and only to a very
small extent the spores of the stripe rust races 23 and 24.

These tests show that the effect of the inhibiting sub-
stance and the tolerance of the various stripe rust races I
seem t0 be specific.

In further tests I examined the effect of spore diffusates
8 (D), 24 and 54 with regard to the germination of rreshly
harvested uredospores of different races of P. recondita

triticl. In all cases these diffusates did not innibit the

geraination of the wheat brown rust races at all, which
completed germination after only 3 hours in the same way as on
the control substrates (0.5 % water agar) to the extent of 95%.

5.b) Investigations on the nature of the inhibitinz azent

The following investigations were exclusively made with
spores of the barley stripe rust race 24 and the spore diffusates
("solutions of inhibiting substance") of this race.

The flltrates obtalned after separation of the spores were
colorless or dyed slightly yellow. Sometimes, but not with

all cultures, an odor similar to frult ester# emanated from the
solutions.

The filtrates had a pq of 6.0 -- 6.3 (pH of the distilled
water used for the spore suspensicn: 5.5). Since these pH
values had proven to be optimal for the germination of the
stripe rust uredospores previously, and pure water agar, wnich
was used as a control substrate, did not show an essentlially
different acidity (pH 6.1), I conducted all experiments with
uncorrected pH and non-buffered inhibiting solutions.

“The same phenomenon was observed by Schaffnit (19C9)
after a storage of large quantities of spores of different
specles of graln for one day in closed receptacles, and

varticularly after adding water, and described as a '"wonderful
vlossom odor."” »

49



Solublility in Ether

The greatly gerzination-innibiting aqueous spore diffusate
was intensively shaxen with pure diethylether at the ratio of
1:2 (Volume T.). Subsequently, the ether was evaporated at
room temperature and the small ether residue was resolved to the
initial volume of the spore Giffusate.

The subsequent gercination tests showed that the inhlbiting
agent rad been transforred to a great extent froam the aquecus
phase to the etner:

Germinatlion Test at 10° C on: Germinatlion Percentages
after 24 Hours:
Spore diffusate, untreated..veeses 2
Spore diffusate, shaken with ether 70
Zther resldue of spore diffusate
rescolved in distlilled water..... 15
Distilled water (control)e..ecees. g2
Adsorption
It was possiole to adsoro the inhiloliving azent alaost
cozpletely by acdinz powcered actlvated carbcn to ine spore
wasiiinz water filtrate, but not by silica gel {silica zel G
for chromatography):
Gerazination Test at 10° C on: Germination Percentages
after 24 Hours:
Spore diffusate, untreated....sv.. 2
Spore diffusate, treated wilth
activatel CarDONi.viveevrerronanss &7

Spore difiuscte, treated witn
5115Ca F€levereocassnatsoansnsas 4

Sistilled water (control).e.eceee.. GO

]

-

Lest Hesistance

Various speclmens of tne spore dlffusate were put into
gle: 3 copoules wrnlich were closed and heated for 60 winutes,

vy
[}
s

[G))]
(@]

Chobasobiby




respectively, in bolling water bath and an autoclave at 1209/1
atmosphere zause. Further specimens were kept bolling 1in a
bolling flask with a reflux condenser put on for 60 minutes.
Subsequent geraination tests on the treated solutions showed
that the inhibiting asent was in no case destroyed by tne heat.

The geraination was only 2 -- 5 % on the previously heated
solutions and the untreated spore diffusates, as agalnst 92 %
on the control dishes with distilled water.

Volatility

It was not possible to examine a volatillty of the in-
hibiting agent at room temperature,as found by Allen (1955) and
Forsyth (1955) with P. graminis tritici, as well as Hoyer
(1962b) with P. recondita triticl by corresponding germination
tests, in tests with stripe rust spores and the washling waters
obtained from them, since the temperature around 200 C greatly

inhibited the germination of the stripe rust spores whioh were
used here.

In tests made at more favorable germlnation temperatures
(10 -- 15° C) the stripe rust spores germlnated on agar plates
exposed, at a distance of 5 mm, in closed germination dishes
for 24 hours, to stripe rust spore diffusates containinz in-
nibiting substances, at a rate of approximately 90%, in the
same way as the controls. This showed that the lnhibltlng
agent of the spore diffusates was not volatile at low tempera-
tures or not in effective quantitles.

On the other hand, the inhibliting agent proved water vapor
volatile in the distillation of aqueous 8Spore diffusates.
Forty ml of a spore washing water filtrate were distllled over
in an epparatus with ground Joints (Jena glass) at 100° C in
jce-cooled receivers; approximately 10 ml of the distillate
were collected separately at & time, successively. The very
small residue, the appearance of which was similar to that of

0il, was subsequently dissolved again in 40 ml of distilled
water.

I mixed the various fractions with equal parts of 1 %
water agar and examined for thelr actlvity. The germination
tests which were repeated twice wlth spore diffusates prepared
witn further distillate specimens, shcwed in all cases that
the inhibiting agent is volatlle with water vapor. In the
specimens prepared with the distillates and resolved residue,
the germination was 4 -- 7 % as against 82 % on the controls.
It was confirmed azain that it is not impaired with regard to
1tg effect by the distillation of impact of the heat. Silnce
also the residue of the distillate inhibited the germinatlon to
a great extent, 1t 1s assumed that there are at least two
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coapounds in the spore washing water which have an inhibiting
effect unless an inhibiting substance is divided into a non-
volatile one and a substance which is volatile with water vapor,

t?goush the heating process, both having a germination inhibiting
effect. o

The effect of aspartic and clutamic acid on the mermination of
uredosnores

¥ilson (1958) was able to establish with the chromato-
graphic method aspartlc and glutamic acid in germination in-
hibitins aqueous uredospore diffusates of U. phaseoll. Since
these amino aclds inhibited the germination of the bean rust
spores in vlitro to a grcater or lesser extent, in certaln con-
centrations, Wilson made these compounds responsible for the
self-inhibition of germinating spores. Bell and Daly (1962)
as well as Hoyer (1962b), however, belleved that they could
establish that the geralnation inhibition of uredospores of
U. phaseoll and P. recondits triticl effected by higher con=-
centrations of aspartic or glutamic acid was based only on an
unspecific acid effect (unfavorable change of the pH of the
substrate). Since relatively high concentrations of these
aclds did not suppress the germination when the amino aclds
had been neutralized, these authors excluded aspartic and

glutamlc aclds as self-innibliting substances of the mentioned
rust specles.

I have found in repeatedly applied tests that also thne
germlnatlion of stripe rust uredospores of different races
(7 (Is), 23, 24, 26] was not inhibited even by 1000 ppm of
aspartic or glutamic acid (single or in a mixture) with the
buffering of the substrate (pH 5 -- 5.5) or the neutralization
of the amino acids by n/10 NaOH. Thus, both aclds cannot be
consldered self-1nhibiting agents of germinating stripe rust
uredospores, as far as they have been examined.

Effect of 2.4 dinitroohenol (DNP) and cumarin on the germina-
tion of uredospores

Farkas and Ledingham (1959) observed on "self-inhibiting"
uredospores of P. zraminis that in the presence of DNP (10"5 M);

cumarin (5-10=%4 1) or particularly pelargonaldehyde (5:10=% i),
consuaption of O, rose sharply during the first hours and the

gerxzlnation was stimulated considerably. Since additions of
propionate and butyrate in non-catalytic volume did not influence
the self-inhibition in the same manner, the authors concluded

that the use of endogenous fatty aclds is blocked by the self=-
inribition. -
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Also Allen (1955) proved that DNP and cumarin eliminate
the germination innibition to a great extent, in certain concen-
tratlons, with the "self-inhibited" black rust uredospores.
Finally, Hoyer (1962b) was able to observe that the self-
innliblting effect with P. recondita tritici could be eliminated
by DNP and cumarin. In the concentration range in which DNP
or cumarin encouraged the germination of not-inhibited uredo-
spores, the effect was compensated by spore cleansing water
containing inhibiting substance; with a constant concentration
of innibitinz substance the germinatlion decreased until 1t was
eliminated completelyt#, with an increasing concentration of DNP

or cumarin in the range of 5° 10=7 to 5+ 104 M (for DNP) and
105 to 5+ 10~3 ¥ (for cumarin). |

The method indicated by Hoyer (1962b) was used in order
to checx whether the inhibiting effect of the spore diffusates
can ve eliminated or diminished also with stripe rust spores by
DNP or cumarin. However, the results of these tests were
negative. DNP and cumarin which were added to the washing water

at different concentrations (5°+ 10=3 - 10~7 i) either
immediately with the spore suspension or only after filterilng
the spores did not diminish the effect of the spore diffusates.
On the control substrates (wlthout spore washing water) con-

centrations from 10~% i of DWP on, and from 5 ° 102 ¥ of
cumarin on, resulted in a complete germination inhlbition

whereas 10~2 i of both substances did not impair germination.

If we again summarize the propertles of the inhibiting
azent recognized so far, differences appear in varlous respecte
coapared to the inhibiting substances observed in other rust
specles:

1. Under long heating of i1ts aqueous solution the "in-
nibitinz substance” of the stripe rust spores proved heat
resistant. This agreces with the statements by Allen (1955).
On the other hand, Hoyer (1962b) found that the inhiblting
effect of whneat brown rust spore diffusates was greatly
elimirnated with the same treatment.

2. Whereas the stripe rust spore diffusates had a germlina-
tion inhibiting effect also after their distillatlon, this did

* L) L] L) L)
On the other nand, nigher concentrations of both coan-
pounds completely innibit the gsermination of the brown rust
spores also on the control subdstrate. :
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ngt avply Eo.the spore diffusates of P. recondita tritici
(Hoyer, 1962b). In the same manner, Allen (1957), French
et al. (1957) observed that the distillation of aqueous uredo-

spore extracts of 2. zraminis triticl led to an inactivation of
the 1nhibitinz substance.

3. The distillates of the stripe rust spore diffusates
also showed in different dilutlons merely a correspondingly
weaxer germination inhibiting effect; they did not exert a
stimulating effect nor did they encourage the formation of
vesicles of germinating uredospores as Allen (1957), French et

al. (1957) had found with distillates of blaeck rust uredospore
diffusates. .

4., It was not possible to elimlinate or diminish the
effact of the inhiblitlng substance of P. striiformis by adding
certaln quantities of DNP or cumarin, whereas the self-
inhibition of the spores of P. graminis tritici (Allen, 1955;
Farkas and Ledingham, 1959) and of P. recondita tritici (Hoyer,
1962b) was compensatzd by certain concentrations of these com-
pounds to a greater or lesser extent.

On the other hand, the inhibiting agent of the stripe rust
spores also showed some Of the same physical propertlies as the
inhibiting substances of other rust species. Bell, Daly (1962)
and partly also Hoyer (1962b? found an ether solubility,
adsorption of the "'inhibitor" on activated carbon and non-
adsorption on silica gel, with the inhiblting substances of the
spores of U. vhaseoll and P. recondita tritici. However, these
properties are not very specific and do not permit any con-
clusions as to the chemical nature of the inhlbiting agent.

B. 6. Relationship between the Development of Weather Condi-
tions and the Germination of Uredospores

In the above paragraphs I have confirmed and ampllified
the statements made by other authors according to which the
germination of uredospores of stripe rust is influenced by
numerous factors indirectly and directly, the detalls of which
are known to us and can be controlled to the optimum extent
possible within certain limits. In particular, these factors
include temperature, light, humidity and the germination sub-
strate. Further tests showed that the germination of the
uredospores depends to a greater or lesser extent on the
presence of so-called "self-inhibiting" substances formed by
the rust spores.

Although I maintalned to a great extent constant conditlions

under the tests over months 1in repeatedly appllied experiments
with artificial substrates, surprising fluctuations were found
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12 the germinatlion process from time to time which were
ascertalned in parallel preparations of different spore origins
(races) in the same manrer and could not be directly explained
by any changes of the above-mentioned environmental factors.
These observations gave rise to the question whether the
germination of stripe rust spores is also influenced by factors
which had not been taken into account up to the present time;
thils would mainly apply to '"factors of weather."

In earller llterature reference was made to the presumed
impact of weather on the zermination of fungus sporecs in various
instances (Fischer and Gaumann, 1929, page 243). However, a
more exact knowledge of the metcorobliclogicel relationship,
particularly with mlcroorganisms, was provided by subsequent
investigations by Bortels (for literature see Bortels, 1939).
in continued series tests with Azotobacter cnroococcum Bortels
found that the nitrogen compound and the propagation of this
bacterium was usually greater under rlesing than falling ailr
pressure. Also with other objects Bortels found a very simllar
parallellism between certain manifestations of 1life and the
development of the weather: with an anticyclonlc development
of the weather (rising pressure) more zoospores were active,
for example, with Phytophthora infestans sporangla and one type
of yeast copulated more in anticyclonic weather than under
falling pressures. The fact that aerobic (oxidative) reactions
were concerned was a factor which these and other microbiologl-
cal processes had in common 1n the tests Bortels had conducted.

Anaerovic processes were influenced by the same development
of weather in the opposite direction: reductions and fermenta-
tion processes were more intensive under a cyclonlc development
of the weather than under an anticyclonic one (Bortels, 1950).

In addition, Bortels and partly also other authors estab-
lished that also lnactivated physlcal and chemlcal systems
may be influenced in different ways by an unknown weather agent
dependi on the cyclonic or anticyclonic development of the
weathern%stimulation or retardation of the syneresis of
colloidal systems, for example, water agar and serum under
falling and rising air pressure, respectively, etc.).

In numerous tests with different organisms and the above-
mentioned physical and chemilical reactions various authors found
that these phenomena referring to the weather may be modlifled or
superimposed by solar activity. Accordingly, the relatlionship
of microbio.ogical and other reactions appear to be most pro-
nounced with decreasing or negligible activities of spots and
less pronounced with a quick increase or at the maximum of
solar spot activity.



In many cases Bortels established that the effect of the
unknown weather factors made itself felt shortly before
cycloniec or anticyclonic changes of weather. This showed that

the alr pressure proper could not be made, responsible for
meteorological developments.

On the basis of further experiments where the effect of
the weather agent on activated and inactivated objects of
investigation was partly shielded by screening or mere covering
with various metals (here again it was necessary to take into
account the solar activity) Bortels (1950) came to the conclusion
that the unknown weather agent can be explained by a radiation
whlch seems to be of solar origin, at least to a great extent.

The weather radiation theory of Bortels states that with
a cyclonic development of the weather, relatively soft "T rays"
appear whlch encourage, for example, reductions, anaerobic fer-
amentation and aggregations. On the other hand, with an anti-
cyclonic development of the weather hard "H rays" are acting
whleh encourage oxlidation, aerobic respiration and their
resultant phenomena (generative propagation, yileld of crop).
"Thus, the development of the weather and biologlcal reactions
arc pot related to each other as i1s a cause to the effect, but
both are more or less parallel phenomena, the effect of a

cause (radilation) they have in common, or of a complex group of
rays" (Bortels, 1951).

The following description i1s based on observations I nmade
in certain %ermination tests with stripe rust spores from
December 1961 until spring 1963. For reasons beyond my control,
it was not possible to complete the investigatlions on the
relationship between the development of the weather and the
germination behavior. The needed spore material was not
avallable throuzh the entire period and the study of other
problems was given preference. The tests were made more
difficult because the alr-conditioned room I used was only
available for a short perlod, otherwlse the stripe rust races
could have been cultivated parallel to the conventional green-
nouse culturcs. Therefore, on the basls of these tests I
cannot claim to have anclyzed thls complex problem of stripe
rust uredospores in an exhaustive manner.

The following proéedure was applled in the tests described
below:

The stripe rust races were ralsed with the usual method
in o greenhouse with approximately constant temperature (15° C)
in diffuse daylight, during the winter half-year with additional
illumination (see Paragraph II). I have propagated the races
in the alr-conditioned room with the same method under constant
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lizht, temperature and air humidity conditions, parallel to the
greenhouse cultures.

Before the infected nost plants (Triticum dicoccum tricoccum

for wheat stripe rust races, barley of Fong-~-Tlien for the barley
stripe rust race 24) started to sporulate, I coverad them with
light glass shields (relative humidity > 95 3 under the
shiclds). I removed the uredospores formed first and then I
shook off the spores which had been newly formed within approxi-
mately 24 hours, in glass receptacles, mixed them intensively
and used them right away for the germlnation tests.

18 germination substrate I used only 1 % water agar
(puri’ied agar for nutrient media from Merck). The agar soils
were provared with freshly distilled water for each test, 3 ml
each of the non-sterilized agar solutions poured out into Petril
dishes (diameter 5 cm) and the spores were sprayed on the sub-
strate, as far as possible evenly and thinly dlstributed
(aporoximately 0.5 mg per germ dish) -- (3 -- 5 parallels per
race with each test). The seeded Petrl dishes were then
immediately put into the dark, closed, under thermostatic check
(zermination temperature 10° C); with race 20 A (T) the

temperature was 15° C. I ascertained the percentage of germina-

tion after 3, 6, and 24 hours.

The first criteria for the action of an unknown weather
agent on the germination reactlon of stripe rust uredospores
were provided by sermination tests on agar substrates, which as
a control for tests with other problems were prepared always
with new spore blotypes from the greenhouse as a routine at
intervals of a few days. Whereas the uredospores of these
races germinated in November and the first half of December
1961 in an extremely slow and weak manner (after 6 nours < 10 %,
afier 24 -- 48 hours approximately 20 % as a maximum), & test
on 14 December 1951 resulted in tne surprising fact that the
spores kad completed germination only alter 6 hours to the
extent of >80 % and >90%, after 24 hours to the extent of
approximately 95 % {(compare Figure 8).

The weather showed the following pattern: 1in the sccond
half of November until 12 December cloudy weather prevalled,
influenced throughout by low-pressure arecas, at the place of
testing. On 11 Decsmber 1961 a strong hish-pressure zone
started to determine the weather after a preceding new fall in
oressure (low pressure) =-- (lasting steep rise of pressure,
connected with droppin; outside tempoeratures, at the bezlnning
with slight snowfall and subsequent clearing up; directlon of
the wind from southwaest to wesi over nortanwest turning voward
northesat). With thls change from cyclonic to a typically
anticyclonic weather,a clearly improved sermination capaclily of
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Lne spores went aloaz, which had been formed during this trans-
fpr froa low to high vressure. An observation very similar to
tals was made in January 1963. A sudden lmprovement in the
germlination developed durinz the chanze from the low pressure
Lo a new hlzh pressure weather after only negligible germination
had beon obsorved durlng the preceding testing days during
which continental winter wcather had prevalled almost through=~

ocul. Two parallel propagated stripe rust races showed exactly
the same reaction (Figure 9).
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Figure 8. Relatlonship between the uredo-

spore germination of P. striiformis and the

development of the weather (for detalls see
the Text).

l -- Barometric pressure mm Hg; 2 -- germi-

nation percentages; 3 == low; 4 == high;

5 == December 1961; 6 -- germination per=-

centages every 6 hours; 7 -- stripe rust
race 24; 8 =~ gtripe rust race 55.

In 1962 an air-conditioned room was available part of the
time in which stripe rust races were propagated parallel to the
greenhouse cultures. Since the incubation time in the green=-
house and in the alilr-conditioned room was the same, it was
possible to harvest and test the spores after simultaneous

- eultivation, at the same time. ‘
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Figure 9. Relationship between the uredo-

spore germination of P. striiformis and the

development of the weather (for detalls see
the Text).

1l -- Barometric pressure mnm Hg; 2 -- germi-
nation percentages; 3 == low; 4 == high;

5 ~- January 1963; 6 -- zermination per-
centages every 6 hours; 7 =-=- stripe rust
race 7 (Is); 8 == stripe rust race 24&4.

Very conclusive was the result of a test serles with newly
formed spores of two wheat stripe rust races which had been
propagated several times from the beginning of May until the
bezinning of June 1962. The spore origins coming from the
greenhouse and the alr-conditioned room germinated at a slow
rate during the tests made in May, which surprised us. The
local weather was dominated througnout the entire month by low-
pressure zones or extenslions of such zones. At the same time
shower=like rain precipitated unusually often. The character-
istie sinzularity of the cold days in May did not appear at the
place of testing in that year. Around the 2nd and 3rd of June
the weathor changed completely; a wide Atlantlc high-pressure
zonc started to prevall with its typlcal weather criteria
(continuing rise of pressure; at first slight cooling of<{:

winds turning froa northwest to northeast; subsequently, the
weather cleared up).
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The spores which ripened at th
) Y Y at time
and in the alr-conditioned room

hours to the extent of approxima

in the greenhouse

gog gggminated%gfter only 3

kou L ely -= 90 %; after 6 hou

?bgergination of almost 100 % was ascertained with all spaciggﬁs
he a}spersiog rate of parallel cultures of one origin was

approximately 5 -~ 8 %). On the other hand, in the test con-

ducted in May, only approximately 15 -- 25 % of the spores had

completed germination,on the average,after the same period of
germination of 3 nours (Figure 10). Also with a stripe rust
race which had been propagated from lMay 1962 on outdoors, a
renarxably stronger germination was observed at the start of
thls hizh-pressure perlod contrary to the iests repeated in May
several tlmes¥®. Only after 3 hours those uredospores germinated
to the exten: of more than 80 % and after 24 hours for more than
90 %, whereas in the tests made during the preceding weelks,
less than 10 % of the spores had germinated,on the average,
gfter 3 hours, and only about 40 -- 50 # of the spores after 24
ours.

From thase observations which were made repeatedly in
further tests under similar weather conditions, the conclusion
must be drawn that the germination reaction of the stripe rust
uredospores can be greatly modifled by the agent which Bortels
terzed "weabher radliation,” since all other factors which had an
effect upon the process of germlnation were excluded from a
possibility that they could be considered a cause of the 4if-
ferences in the reaction, at least in the tests with spore
origins from the air-conditioned room. However, with regard to
the described tests with spores of greenhouse cultures the same
cause must be assumed for the fluctuating germination reaction:
For example, the light conditions of the greenhouse were not
more favorable at all during the pronounced changes of weather,
(December 1961, January 1963) when, all of a sudden, a quick and
strong germination was observed, than during the preceding weeks;
on the contrary, the daylight was less intensive during thils
testing perliod as a result of a snow cover on the greenhouse
than vefore, whereas the temperature and the air humldity of
the house remained constant. .

At the beglnning it was indicated that the change 1in ailr
pressure and the development of weather conditions connected
with it are merely symptoms of the "weather factor" so far not

¥Sporulation leaves were cut off from the wheat plant of
the field; the spores which had formed at thls stage were
removed; the leaves were put into humid chambers and the newly
formed spores were utilized after 24 hours.
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accurately defined, which influence

the blological development.

The relationship between both parallel phenomena stood out

clearly in the few cases investigated here.
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Figure 10. Relationshlip between the uredo-

spore germination of P. striiformis and the

development of the weather (for detalls see
the Text).

1 -~ Barometric pressure ma Hg; 2 -- germina-
tion percentages; 3 ~-- secondary depression;
4 == high; 5 =-- May/June 1962; 6 -- gerzina-
tion percentages every 3 hours; 7 =-- strlpe
rust race 7 (Is) =-- greenhouse culture; 8 ==
stripe rust race 7 (Is) -- air-conditioned
chamber; 9 -~ stripe rust race 20 A (T) ==
greenhouse culture; 10 ~-- stripe rust race
20 4 (T) -- air-conditioned chamber.
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In general, it was found, however, that the germination
rate and possibly also the final geramination values of the
yellow uredospores (with differences between the races), with
lasting cyclonic weather, are more or less reduced depending upon
the season of the year. ihereas with marked anticyclonic
weather development in spring and summer, the germination (rate
cf germination) was clearly accelerated, this did not apply to
lasting high-pressure weather in winter (particularly clearly in
December 1962 until February 1963). It was also ascertained
by Bortels that nigh-pressure zones have mostly little biologi~
cal effect in times of a very low position of the sun. This
means at the same tlme that the absolute barometric values are
not the decislive factor in the blological effect of the variable
nature of the weather. According to Bortels (1951) “"the

effective agent ... 1s not found in statistics but in the dyna-
mics of weather development ..."

Apparently, the lmpulse released by the weather agent in
the spores goes through the metabolism of host and parasite and
is fixed in the spores. In no case did I observe that the
initially found germination reaction (high or low germination
force) changed over to an opposite reaction during repeated

gera tests with spores stored for a few days if a new change of
weather occurred in the meantiue.

It remalns an open question in which way and whether the
"weather factor" in the described tests also has had an effect
through the inactivated substrate. But as far as can be deduced
from my observations, such an effect is not necessary to be
taken into account. No differences were found on the water agar
vplates which had been prepared partly before and partly during

a blologicully effective change of weather and subsequently used
for the germination tests.

IV. DISCUSSION

The uredospores of stripe rust have an average slze of
20.8 p x 17.3 p (¥ 1.2) as far as origins from wheat or barley
are concerned. In literature we find sometimes deviating state-
ments. Large dimensions as were, for example, indicated by
Stralb (194l1) are explained by the strong and quick swelling of
the spores in aqueous media as was observed by Allen (1928); my
investigations have established this in a convincing manner.

Wihereas no differences were found with regard to the size
of the uredospores between the investigated races, it was found
that the growth pattern of the germ tubes with the blotypes
originating from wheat and barley was clearly different on the
basis of certain culture and germination conditions. Straib
(1939a) was the firat to recognize this characteristic feature
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of the two raclal groups; however, subsequently, he limited the

scope of hls statement after he had found a few exceptions from

the rule. However, I confirmed the previous data of Straib to -
the fullest extent which 1s all the more remarkable as I had

Ooperated witn races which, genetically, were probably not identi-

cal with the races used by Straib. The statement that the germ

tubes of the uredospores show a typical growth pattern depending

upon the questlion of whether specific origins of wheat or barley

were concerned, was glven support by the fact that also biotypes
from East Asla showed the same reaction.

In this situation the question 1s ralsed whether the
division of the F. glumarum in formae speclales requested by
Zriksson (1894) at the time i1s justified at least for the
f. sp. triticl and the f. s». hordei. In the taxonomical
classification of the speclies into blological subdivisions,
morpnological and pathological considerations are deteraining
in the case of parasitic funzgl. Wwith stripe rust the investi-
gatlons on the reaction with regard to infectlion have caused
Stralb and cother authors to deny the Justification of formae
speciales of ZEriksson (for literature see Hassebrauk, 1962).
Recently, Kajiwara (1964) vigorously advocated the retention of
the old f. sp. tritici and nordel on sccount ol the pronounced
difference of pathogeny. Although the éifferences in the
growth pattern of the uredospore germ tubes alone would hardly
be sufrficlent to justify the status of the formae speclales,
they can still be considered a point in favor of tne sugsestlion
zade by KajJiwara. However, I do not consider it Justifled to
substantiate a further subdivision. If a declsive significance
would be attached to morphologlical or physlolozical pecullaril-
ties in connection with the sermincotion, then this would violate
the teram of the "physioloriczl" races and would represent a
misunderstanding of the efforts made malnly in order to serve
practical objectives to establish races as such (see Paragraph
A. 2 and Paragraph B. 3.b)).

It 1s true Straidb (1939a) had Tirst held that the dif-
ferences in the growth pattern of the germ tubes of 1indivlduel
stripe rust races wnich were distingulished from each other cnly
indistinctly or not at all with regard to thelr pattern of
affection, on the test assortment, would Jjustify a subdivision
into further races. Thus, he established race 46 which differed
froam race 45 only by another germ tube growth pattern; tne
situation is similar with regard to the races 47 and 28 isolated
by him. Subsequently, Straidb (1940) pointed out, however, that
differences which appear exclusively with regard to the type of
germination would not be sulbtable for a differentiation of races
since the germ tube structures are connected with speclific
culture and germination conditions.
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A speclal position is taken by the barley stripe rust races
morphologically inasmuch as they form vesicles and secondary
hyphae 1n vitro more readily than wheat rust races. The forma=-
tlon of these structures which had repeatedly given rise to
speculation in the literature which was concerned with rust
fungl 1s favored in the stripe rust among others by a high
fructiflcatvion and germination temperature. The result was a
new cognlzance: hlgher germination temperatures cause a forma=-
tion of veslcles also in vivo on the surface of the leaf. Since
the vesicles and the secondary hyphae emanating from them have
a relatively long life compared to the normal germ tubes, it
would be possible to interpret the vesicles as structures
reminding us of "gems" or "emergency spores#" which could be
slgniflicant epldemlologically inasmuch as they are able to keep

the rust fungus alive for a long time when the process of in-
fection 1s interrupted or delayed.

The vesicle formation found by me at higher temperatures
in vivo may possibly be sultable for providing an explanation
for the statement made by a few older authors who mlsunderstood
these structures (for example, Eriksson and Henning, 1896) that
the germ tubes of P. striiformis formed an appressorium during
the penetration into the host plant. I never found a formation

of an appressorium in agreement with Marryat (1907) and Allen
(1928) in stripe rust races.

My investigations in connection with the germination
physiolozy have shown that the doubts mentioned at the begln-
ning with regard to the "moodiness" of stripe rust, as expressed
by Wilhelm (1931), are Justified. In the course of the investi-
gations made on numerous races and origins, it has always been
established again that the germination reaction of the stripe
rust spores which often appears to be purposeless must be
explained by a very sensitlve reaction to the varlious environ-
mental conditions. The environmental conditions induce a
specific germination reaction in part as sarly as durlng the
fructification time; however, they have a strong impact directly
during the germination process proper. ‘

My investligations have led to results which confirm, in
principle, many of the rezularitles recoznized for the first
time by Stralb and which have extended them in part. It was

"Emergency or sccondary spores, distinguished from typlcal
vesicles in varilous ways, were found by Gaertner and Fuchs
(1962) under certain conditions of inhibited germination of
black rust uredospores.
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found that the temperature for the stripe rust represents a
cgrdinal point in the meaning of Straib and others,but that the
eTfect of tamperature (and also of light) may be modified or
superlimposed by other factors. Thus, in terms of quality,
germination subvstrates which seem to differ from each other only
to a small extent may have a considerable impact on the germina-
tion behavior of stripe rust, as was observed by Manners (1950)

and as have shown my tests conducted wlth varlous agar and
celatin origins.

In view of the different reaction of individual stripe rust
races on certain environmental factors,it is not surprising that
also the duration of tne fructificatlon time (also on host
species sensitive to the same extent) varies. I have been able
to establish this for the first time as a genotyplcally filxed
property in individual reaces, which property 1s probably of
significance in epidemiological respects, since races with a

shorter fructification time have a higher maximum temperature
and vice versa.

I recognized another two new factors which have a great
impact on germinatiox and, thus, also on the process of in-
fection: the self-inhibition and the "weather factor." The
self-innibition of germiratinz uredospores has been established
in numerous species of rust,but had not teen established so far
in P. striiformis. ¥y investigatlions have resulted in a
complicated pattern which, for the time beinz, must not yet be
interpreted: no results were obtained witn regard to the pro-
duction of such innibiting substances and the tolerance of the
individual races to such inhibiting substances to permit a
reliable insight into the development. The observation,
according to which individual races of 2. striiformis show a
greatly diversins germination behavior in the presence of the
same diffusate of the inhibitingz substance which fluctuates
Yetween almost complete inhivition and almost unrestrained
conplete germination,must be emphasized since & similar dif-
ference in the behavior of the races had not been known up to
the present in other specles of rust.

So far the nature of the inhibiting agent has not been
clarified; its analysis would require further linvestlgations.

It is in the nature of the subgect matter that the observa-
tions concerning the impact of the 'weather factor'" on the
geraination of uredospores remain unsatisfactory. On the basis
of my observations there can be no doubt as to the presence of
such an effect; my observations are also in agreement with the
correlations repeatedly found by Bortels in other objectso
between certain developments of the weather and varlous blologi-

cal reactions. However, the causallty is still not clarified
in all cases.
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Stlll, the problem of the great germination fluctuations
whlch has hitherto boen completely enigmatical, has now been '
cdefined more accurately by the establishment of a germination
behavior in P. striiformis in reference to the weather.

On the basis of all these statements tuere cannot be any
doubt that the germination and infection behavior of stripe rust
is controlled by a number of factors to an extent not known with
other specles of graln rust. It would hardly be possible for
an observer who is familiar with the subject matter to decide
with certalnty in each instance which factor determines the
development of the germination to a greater or lesser extent.
The extent of the response of stripe rust to one or the other
factor was shown in the present investigations, particularly
when comparative germination tests were conducted with P.
recondita tritici. Reference to this has been made several
times, for example, in the investligation on the impact of
substrates on the germination *,

The partly unequivocal differences found 1ln the behavior
(reaction) of individual stripe rust races and particularly in
certain blotypes, in terms of germination physlology, glve rise
to the question whether such differences should be used for
stating and identifying a physiological race. 1In a certain
physiological race we include all blotypes which provide an
infection pattern on the recognlzed test specles under the
environmental conditions which have been recognized as being

*Dnis statement was also made in another case which may be
mentioned here: 1In an alr-conditioned chamber, the walls of
which had been provided with plates made of plastic nmaterial
(Pegulan), agar plates seeded partly with stripe rust, partly
with wheat brown rust uredospores, were prepared for germina-
tion in the darik in closed Petri dishes. &4t the same time
controls of vboth spore orizins were put under thermostatic
creck under the same temperatures. Whereas the brown rust
spores had germinated evenly and almost completely after a
certaln time in the germination dishes of Loth places, this
applied 1n the stripe rust spores of different races only to
the thermostat; on the other hand, the germination dishes in
the alr-conditioned chamber showed only traces of germinated
stripe rust spores. A change in the arrangement of the test
aade 1t possivle to establish clearly that the inhibition of
germination in stripe rust spores was caused by traces (.) of
the solvent in the air of the chamber (a mixture of methanol,
ethanol and toluol) which was contained in the putty used for
the plastic lining. ‘
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optlmal and can be easily reproduced, the patterns beinz in
agreement with eacn other (see Hassebrauk, 1962, pages 13 and
135). ‘Vhereas a biotype is a biolosical individual, a physiolo-
51cal race represernts a fictitious notion (compare also Stakman
and Harrar, 1957, pagze 133). The determination of the
payslolozical races serves mainly to cultlivate resistance;
therefore, the ascertalnment of lts pathogseny must be glven
oreference. If a blotype stands out on account of 1ts
characteristic pathozeny for addltlonal test varletles or by

a deviating infection behavior during changes of environmental
conditions, varticularly of temperatures, from the group of
olotypes which are grouped in a physlologlcal race, it has
become customary to add a suffix to the race number. Practlcal
requirements would not be met if new races would only be stated
on the basis of special needs, in terms of germlnatlion
vhysiology, of some blotypes. Stralb (1941% called a blotype
from the Tyrol, of race 6, which stood out by other cardinal
points of the germination temperature, only as a race 6x in
subsequent analyses of stripe rust races. We must support
Straib when he states at another place (1940, paze 234) that
the investigations in the field of germination physiology and
the determinations of the pathogeny supplement each other, but
that they cannot replace each other.

In conclusion a brief reference may be made to a repeatedly
discussed point which 1s raised on account of the results of
my investigations: to what extent can a relationshlp between
the geographical distribution of the epldemlology of races and
their germination propervies be established? Ve can count on
such relationship only under certain conditions, if at all.
Among the races which I tested, race 26 from Holland, for
example, showed the highest maximum temperature. Within the
European biotypes (3witzerland, France), great differences in
tne temperature needs of one and the same racec were established;
this statement was made by Straib (for example, 1939a; 1941)
several times in a similar form. If, in some cases, certaln
factors appear to support such relationships, in any case as
far as the temperature 1s concerned (higher germination rate
and higher maximum temperature of the Greek and Turkish blo-
types as against the German one 1In race 20 A), then such
phenomena must not be overestimated. In thls regard I consider
zore reservation appropriate than was shown by some of the
former authors. So many factors are involved 1ln the zeo-
craphical distribution of the races and the epidemlology that
00 ruch emphasis on one factor or on a few factors must lead
<0 erroneous conclusions. The main point i1s the primordial
siznificance of the sensitivity of the specles wnlch 1s agaln
nichly variable dependinz upon the environmental conditions,
and of the distribution of specles (Gassner and Straib, 1934).
Further factors enter the picture in connection with stripe
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rust whlch can be of subordinate significance with other species
of rust. Thls was evidenced by the present investigations

and, in several instances, newly recognized factors were added
to those which have been known in the past.

The above work was bezun in April 1961 and completed

at the Institute for Botany of the Federal Blologlcal
Institutlion, Braunschwels.

» am very grateful to my honored teacher, Prof. Dr.
K. Hasscbrauk, for suggesting thls theans, rendering
advice, and all-round encouragement.

To the President of the Federal Blologlcal Instvitu-
tion for Agriculture and Forestry, Prof. Dr. Dr. h. c.

H. Richter, I am indebted for havinzg provided me with
a position.
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