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INTRODUCTION

The aecial stage of Puccinig graminis Pers. on barberry furnishes
a tremendous amount of primary inoculum for infecting the grain-
fields of the upper Mississippi Valley. It has been shown clearly
that very destructive local epiphytotics and widespread regional
epiphglt,otica result from aeciospores disser inated from barberries.
For this reason & barberry-eradication ecampaign was begun in 1918

by the United States Department of Agriculture in cooperation with
the following States: Colorado, Illinois, Indiana, Towa, Michigan,
Minnesota, Montana, Nebraska, North Dakota, Ohio, South Dsakota,
Wisconsin, and Wyoming.

1 Prasented te the faculty of the graduate school of the University of Mlnnesotn as a thesis in partial
tuifiilment of the roqulrements far the degres of dector of philosophy. Cooperative [nvestigatinns between
the Division of Cereal Crops and Diseases, Burean of Plant Industry, U. 3. Departnent ol Agrleultura,
nnd the Agricuiture] Experiment Stotion of the University of Minnesota,

1 Sigoe July i, 1930, with the Division of Barberry Eradization, Bureau of Plang [odustry. Acknowledg
ment is mads to E. C. Stakman snd J, J, Christensen for helpful suggestions durng the progress of this
work, and to M, N, Lovine for valusble suggestions in tha preparation of the tables and in verifylog the
Identfication of many of the IFh -siclogic forms of Puccinia gramints fritici obtained [rom naciospores, The
writer I3 lndebted to 4. H, Ilakeales, of the Carnegle Institute “or Experimental Evolution, for the Ber-
beris vuigaris atrapurpuren patent and the hybrids batween B, hunbergii pnd B, pulgaris arropurpured.
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From 1918 to 1927, inclusive, approximately 18,000,000 bushes,
spro-+. , and seedlings were found and destroyed in these States.
In 1927, 10 years after the campaign started, 1,6G8,554 bushes,
sprouts, and secdlings were found. During May sund June of each

oar o large groportmn of the remeaining bushes were rusted. One
esavily rusted barberry bush may bear about 70,000,000,000 aecio-
spores ab one time (1£)} )

In determining the potential destructiveness of the rust produced
on these bushes 1t is necessary to take into consideration the suscepti-
ble and resistant varieties of Berberis end Mahonia, the factors
affecting infection of the bushes, subsequent development of the rust,
the amount of tnoculum produeced under certain conditions, the libera-
tion and dissemination of the aeciospores, the vitality and viability
of the spores, and the infection of grains and grasses by the aeciospores.
A study of the aecial stage, therefors, is extremely important from the
standpoint of ascertaining the factors affecting its rdls in initiating
rust epiphytotics.

Barberries, howsver, probably serve not only as a source of inoe-
ulum but also as & breeding ground for mew paresitic strains or
physiologic forms. It has been known for some tune that the sexusl
process of the susts initiates the aecial stage of the life cycle. It
seems entirely probable, therefors, that different varieties and physio-
Togic forms may hybridize on the barberry and produce new parasitic
entities. Color is lent to this supposition by Craigie’s (4) recent
demonstration that Puccinie graminis is heterothallic. The fusion
of two strains of opposite sex is prerequisite to the formation of
aecin; hence it seems a foregone conclusion that dikaryophytes with
new parasitic capebilities probably are produced on berberries. The
work done by Allen () and Hanna (&) along these lines had not been
published when the writer was preparing menuscript for this publica-
tion. Waterhouse (19), Newton, Jobnson, and Brown (14), and
Stakman, Levine, and Cotter {17} have adduced recent evidence to
show that new physiologic forms of P. gramainis tritic: have been
artificially produced on the barberry by crossing varieties of stem
rust and physiologic forms within the variety. It is essential, there-
fore, to a complete understanding of the present habits and the
possible future development of forms of stem rust to investigate this
phase of the problem also. For these reasons the writer undertook a
comprehensive investigation of the factors affecting the development
of the necial stage of P. graminis.

HISTORICAL REViEW

The relationship between the common barberry and stem rust was
suspected as early as the sevenieenth century, or possibly even earlier.
It ig sajd that a law requiring the eradication of the bush was passed
in Rouen, France, it 1660. It was known definitely that laws requir-
ing its eradication in some of the colonies were passed long before the
Revolutionary War. It was not, however, until late in the eighteenth
century or the beginning of the ninteenth that definite experiments
were made to determine the exact relationship between barberries

t Burton, L, D, and Barmicer, T, W. ANKUAL REFORT OF THE BARBERRY ERADICATION CAMPAIGN,
1027, WITH SUMIARIZED RESULTS FOR 1918-1827, INCLUSIVE, U.S. Dept. Agr,, Bur. Plant Indus., Q. Cereal
Crops and Disanses Mimeographed Pamphlet. 3! p., llus. Februyary, 1928,

+ Halie numbers in pateniheses refer to Literature Olted, p. 37,
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and rust. Accordin; to Cobb (8}, Joseph Banks suggested in 1805
the possibility thet the rust on barberry and the rust on wheat
belonged to the same species. In the period from 1807 to 1818,
Schoeler, according to Freeman and Johnson (7), planted small
graing around barberry plants and found that oats and rye were in
danger of destruction by rust when growing near them. In 1816 he
made rather erude but effestive inoculations by rubbing rusted bax-
berry leaves on tye plants moist with dew. Schoeler marked the
pinnts and about five days later observed that they were heavily
rusted, whereas those e{sewhere in the field were free from rust.
According to Freeman and Johnson (7}, in 1818 a (German farmer
gathered the dust thet fell from the cups on barberry leaves and took
it to a far distant rye field where thers were no barberries and placed
it on some of the plants, Within five or six days rust appeared on
these plants but was not evident elsewhere in the field.

It was not until 1852, however, that the genetic relationship be-
tween the so-called summer rust, Uredo, and the autumn rust, Pue-
cinia, was demonstrated by Tulasne (7). He showed also that the
teliospores would not germinate until the spring following the {all
in which they were formed. It remained for de Bary to show in 1865
(7} that barberries would become infected when inoculated with
teliospores and that grains would become infected when inoculated
with seclospores. De Bary’s results have been repeated and confirmed
so often that thiers is no question as to the genetic relationship of the
tust on the barberry and that on graing snd grasses. De Bary’s dis-
covery immedintely stimulsted more detailed observations regarding
the responsibility of barbervies in initiating epiphytotics of stem rust,

In 1918 an extensive berberry-eradication campsaizn was under-
taken in the 13 grain-growing States in the upper Mississippi Valley
in the United States. This activity immediately created a demand for
mmformation regarding the susceptibility of different species and
varteties of Berberis and for detailed information on the factors affect-
ing the development of the aecial stage in general. Stakman and
Levine compiled in 1923 % a list of susceptible and resistant bar-
berries, and this was followed by supplementary lists by Melander
and by Melander and Lambert in 1923 and 1924.°

The writer began a detailed study of the susceptibility of various
species and varieties of barberry in 1925. Further facts regarding the
historieal development and knowledge concerning the aecial stage cf
the rust will be found in the body of this bulletin in connection with
the particular experiments to which they apply.

METHODS AND MATERIALS

In the barberry-eradication campseign it was found necessary to
specify definitely the species and varieties of barberry that were sus-
ceptible to rust and that therefore should be placed in the list of quar-
antined species. Inquiries have comne in from time to time concerning
the susceptibility of cortain species, but unfortunately no information
was aveilable regarding many species grown in botanical gardens,
erboreta, private estates, and parks. The publication by Stakmen

SSTaxkdaM, E. C, nod LEVINE, B N, A PARTIAL REPORT ON THE SUSCEITIBILITY AND RESISTANCE OF
BERBERIA AND RELATED GxNEwa TO S5TEM RusT. Ceron! Conrier [Ofica of Cereal Crops and Diseases}
15(24): 278-257. Sept. 30, 1023, [Mlimeograpliced.|

4 MELANDER, L. W, 3TUDIES OF THE RELATION OF BERBERIS SPECIEY TO PUCCINIA GRAMINIS PERS,
fUnpublished thesls, Unlversity of Minaessta, 193]
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and Levine in 1923 7 of a list of susceptible and resistant species helped
to clear up the doubt in many cases, but there were still many species
of barberry whose reaction to rust was unknown. Some barberries
could not be condemned for desiruction by the workers in the bar-
berry-eradication campaign because the question of their suscepiibility
to rust had not been settled. These plants were in some cases &
potential menace to grainfields, for it was possible that the barberries
might rust shortly after the visit of the barberry field men and might
broadeast inocitlum over the grainfields before 1t was found that the
plants of that particular species rusted and should be removed. To
procure information on this subject, the writer undertook o green-
house inoculstion study of as many species, verieties, and hybrids
of Berberis as were obtainable,

The following methods were used in inoculating barberries: (1) A
few drops of a suspension of teliospores in water were placed on the
young leaves or shoots of the barberry with & loop needle. The
p.onts were then kept 48 hours in & moist chamber, (2) When it was
desired to secure heavy infection on all parts of the plant, heavily
rusted straw was placed on wire screens supported above the plants to
be icoculated. The incubation period with this method was uvsually
72 hours, slthough it was reduceg to 24 hours with good resulte when

the telin had been presoaked in water 12 to 24 hours. After incuba-
tion the plants were placed on the greenhouse bench in the evening
in order fo avoid solar injury to the tender tissues. Pycnia ususlly
appeared about the fifth or sixth doy.

The rust varieties used in the experimentsl work wero Puccinia
graminas tritici (Pers.) Eriks. end Henn. and P. gramanis secalis (Pers.)
Eriks. and Henn. TFive different collections of P. graminis secalis were

used in the various phases of the work.

Most of the barberries tested for susceptibility were sent to Uni-
versity Farm, St. Paul, Minn., from Bell, &d., by B. Y. Morrison, of
the Buresu of Plant Industry, United States Departmens of Agricul-
ture. A smaller number was obtained from Highland Park, Roches-
ter, N. Y., and others eame from unlnown sources. The common
barberries used as checks in most of the experiments were supplied by
L. W. Melander, in charge of barberry eradieation in Minnesota.

The degree of infection was necesssrily based on. the individual
barberry leaf, as there were not always large numbers of young leaves
on the plants when inoculations were made. Wkhen only & single
pycnium occurred on & Ieaf the infection was designated as very light;
when thera were 2 to 4 on a single leaf it was designeted as light; 5 to
10 pyenia on an individusl leaf indicated moderate infection; if the
pycn:a exceeded 10 in number the infection was designated as heavy;
and when pycnis on & leaf were numerous and nesrly confluent the
infection was considered very heavy. Although not perfect, this
scale has beer: found to satisfy the requirements of the work.

EXPERIMENTAL RESULTS

SUSCEPTIBLE AND RESISTANT YARIETIES OF BERBERIS

In Table 1,which is a compilation of the lists of Stakmen and Levine,
Melander, Melander and Lambert, and Cotter, are listed those species
and varieties of Berberis whose susceptibility to Puccinia graminis is
knowsn,

STaRMAN, E G, and LEYVINE, M, N, Op. cit. (Jee footnote 5,)
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TasLe 1.—Species and varielies of Berberis known lo be susceptible to Puecinic
graminis, a3 compiled by Slakman and Levine, Melander, Melander and Lambert,
and Cotier !

DEVELOPMENT OF AECIAL STAGE OF FUCCINIA GRAMINIS

BTAEMAN AND LEVINE, 1023

| Source of information

Criginal observa-
tions Degree of infec-

ticn

Literature references #
ArtHlelal I
inecula-

Natural
Infection

Berherls petnensts Pres] Saccarde; Sydow.__. ..
B. slesuthensis Iort,
. sltnden Tali

B. amurensls Rupr

. nngulosa Wall
B. oristetn 3 C

Saccardo; Klebabn. .-
Heccarde; Sydow; Jac-
tewski; Klabahn.

Bolley; Kichahn; Sac
cardo; Sydow.

(B, coriaria Royle)..

. nslatlee Roxb

Butler and Hpyman,
Sydow -

I3, ntropurpures Regel
B, brachybatrys C. Oay

Hlobsho
Szceardo.

Sydow.

(. hrechyholrydls C. Qay)
B. bretschoelderi Rehd

L. brevipanicalata ©. Schoeid_
B. bhuxifglin Lam__

. cnnadensis MU

Maderate.
Bydow -
Baolley; Klebahn; Sac-

enrdo; Sydow.
Saccarda; Srdow....__
Sacearde

Heavy.

(B, cargliniana Loud.) :
(B. scheri Hortl} . oo
B.coryi Veitch (B. wilsonae subcaul-
Jalala Sehn.}.
T, cratzeglna 1DC

B, declinats Schrad
B, declinnta cxyphylla C, Schoeld. ..
B, diaphans Maxim
B. dietophy!in Franch
B, durcbrivensiz C. Schaeid.
B. emarginats Wild

{B. vulgaris cmargionta Gord.}
T, emarginata britzensis C. Schneid. .
B. fendleri 4. Gray
B. fremontii Torr.._

B, fuchsioldes Hort
B. hastnatocarps Wootor
1, heteropods Schrenk.
I. fllcifolia Forst

I. integerrime Bunga

. lexifiorn Schrad

B, lefehlini! Xort

I3, luelda Selirnd

B, |yclum Royle
B. mncrophylla Hort

B, mechanii C, Sehneld. .
Ii. nepalensis (D2} Spreng

Arthur.

| Modcrately
sistant.

Jnerewskl; Sydow._ ..
Klebnhn; Bydow
Juczewski

Butler snd Hayman;

ebshp; Sydow,

Dolley; Klebshn;
Saccardo; Sydow,

B. noubertii Lem

. oblonga C. Schneid
13, provincinlia serrate C, Schoeid .___|

Moderately re-
sistant.
De.

B, prulnosa Franch

1. regelinng Koehne
13. nmurensis japonica Rehd.) .
B, vulgaris Juponica Regel)

B. sibiriea I'oll._

I3. siebeldil Aig
13, sipensis Dest, (B, chinensis Polr,} | ___._____
1. stapliann ©. Schneid. ... .. P -

1, subeanlinlets G, Schineid !

1A lus mark () In the column cotitled ** Ariificial inoculation Indicates that when greenhouse inoc-
ulntions oo that perticulsr specics were made, Infection occorred, the variety of inoculum used bain;
unknown unless otherwise stated. A plug mark {n the column entitled ™ Watural infection in fleld™
indicates that plonts founed growing In the field, io orboreta, or in gardens were found naturnliy infected.
A Blank {ndicates thet no Inoculations wete made oo that partienlor species.

t Citotions in list of Stakman sod Levine. (Sea fooinote 5.}

Arthur;  Jaczewskl;
Saccardy; Sydow,

Heavy,
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TanLe 1.— Species and varieties of Berberis known fo be susceptible lo Puccinia
graminis, as compiled by Stakman and Levine, Melander, Melander and Lamber!,
and Cotter—Continued

STAKMAN AND LEVINE, 1523—Continued

Bource of informontion

Orlginal observa-
tions

Llterature referancea

Artificial

inocala-
tioi

Maturnl

in feld

Daegreo of infee.
tion

B. swasay| Duckl.
B, thibetlen C. Sch
I trifolicluta Morle_

B. umbellata Wall
B, vulgarls L.

B. vulgaris alba Weston.

B, vuigaris asporma Don |

B. vulgaris rtropurpurcs R

B, vulgnris froctoviclacen Hort

T rthae LTI

Butler and Hayman..

Arthur; Dolley; Butler
and Hayman; Jac-
zgwski; ~ Elehalin;
Saccardo; Sydow.

B. vulgnris luten Dog -
B, vulgaris macrocarpa Joege

B. vulgaris mitls Hort.

R, wvnigarls ulgra Don. ..
B. vuilgaris purpnren Bo
I, vuigaris sanguinolonta

D. vulgsris spathuiats Gord.
chinensls Polr.).

L. vulgnris sulcsla Hort__

B. vaigarks vicincea Wil!

B. aquifolivm Parsh

b A

T
H
|
|
H
1
i
1
1
1

Maoderately re-
sistant.

Heavy.

Moderste.
Somewhat Te-

Istant

B, diversifelia {Sweot) Steud___

B, glavea

B, goryl Veiteh

B. hoematocarpn Wooton
B, luctda Schrad

B. swaseyt Buekl____

B, thibstices Q. Schae!

B, chinensis Poiro_ oo oo
B. korespa Pelib

1
2
3
4
[
¢
7
8
&
G
1

12

3 From thiz

B, acaminein Franch

B. semulnps C. Schreld

B, sotnensis Presl__ ... .|

L. nggregata 3. Sehineid

B, rgeregatn prattif C. Schneid. ...._

B. alesuthensis Hart

B, smurensis japonica Rahd. {H.
regalinoa Roohna).

+ B. arvonsis Hort

; B. usinticu Roxb

:E B. atrocarpa C. Schneid...

 B. hergainannine O, Sehneld.. ..

| . brachypoda Mazim

e

b b

oint ¢z, secalis was used ns inpcolam unless otherwisa shown,

First recorded nrtlfielal Infoction, although matarat Infection was noted previcuslys
§ First obsorved by Stakman snd Lovine.
The veriety of inoculim used was tritiel

Heavy,
Prenia.
Heavy,
Maoderste,
Pyenin only,
Beavy,
Light.

Heavy.

Heavy; pycoia
only,

Heavy,

Modaraie; pye-
nin only.

Moderate,
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TanLs 1.—Specics and variclies of Berberis known to be susceplible to Puccinia
graminis, as compiled by Stakman and Levine, Melander, Melander and Lambert,
and Cotter—Continued

COTTER, 1025-1031—Centinued

Bource of information

Original observa-
ticns Degree of infec-
tiom

.| Ldterature referancos
Artiflelal | Natural
inocula- | infpeilon
tipn 1o el

B, califproiea Jepson. . Lighit; pyeunla
onhly.

1. erataeglon DO Nladarato.

1L, declinate oxyphy eavy.

Lighi.
N, dulels nane o + Pycnis; light,
. emarglonta Wiki.-... envYy.
‘B, emnarginata britzensls © Do,
B. fondlerl A, Gray.. ... Modlorate.

B. fremontll Torr - Light.

B, fraacisci-lendinandi O Heavy.,

B. fuchsioldes ort | D,

‘B, gngnepsin! C. Setivel - Pyonls; light,
Very light,

B, Fi]xiunn Fedde_..
. hotoropcita Seliren Juerowski; Sydow. Muoderate,
. ngtg.
1]

-

R

-

B. hanryans G, 8chneld

5. hooker! T.ewn

Ti. hybrigs serrnto Hort. .

13, juponies Spreny. (B, bealal Fort.).

I, kolghtii Hort. (wallichlana var.
lqtlfq fa} (li.::i‘nt 1plxylnn Iasdk.).

B. levis O, Lichneld, (Bell 149)

1, lyclum lteylo. .

T. meehnull C, Schneid. .

1. morrlsgnensis Hayata.

11, notabliils 0. Schnold.

B. neubortil Fort A

B. nevioli A. Gray (Mahonia nevinil
Feilde),

I, oblongn C. Schneld....

B. parvifolin Sprogus...

B. polretil Q. Sehnedd__..

1, poiretli latifolln C. Schneid

B. polyanths Hemsl, (B. aggrogata
prottii O, Schoeld.).

B. pratil C. Bchineid, {I3, nggregnta
prattil . 8choeid.),

B.serotina Lau}{n 5-113 chinensia Poir.)

L { .

| Heavy.
Light,
D,

Moderata,

ight.
Moderate.
D

Houvy,
Vary hepvy,
Heavy.

-

e T e

Dao.
Light.
Dao.

Do,
Moderate.

-

B, sinenais Des chinonsis Poir.) .|
E. soulisans O, Schoeid...___ mm——
1, snbeaulinlats C. Schneld. .
B. umbellats Woll __ e i
13, vernan (2. Schoeid
1. virescons Hook [
B, viridis Iort
B. vulgarls ntropurpures Roegal

(3. vulgnris purpurea Bectin) .-
D. vulgeris shoyalle Hort.,

T, wllsonne Hemsl, nod Wi

13, wilsonae Howmsl. var. Autumn
Chper,

58 | B, wilsonas Huinsl. var, Flrely_____.

60 | B. wilsonee Homsl, var, Sparkler....

Arthar; Sydow

fbtt L

- -

Tro.
Moderato,
0

-

Heav Jr:
o

0.
Moderate,
Heavy,
Tight.

4+ R

Dg.
Very light.

1 Firat recordad artifielal infection, although natura] Infection wag noted previously,
¥ Flrst obsorved by Stakman and Levine.

hoth Leitlel nnd seenliy used as inpeulum,

tNumber given ot U, 5. 'lant Fisld Station, Glean Trale, MMd.

§0bserved by Butler and Taymen.

1t Ohyorved by Kicbahn.,

1 Pyenin only on provions Lrinls.

1 Tl varioby of inoculum nsed wos pone.

It will be seen from Table 1 that the number of susceptible species
ond varieties of Berberis far exceeds that of the Immune varieties.




)

8 TECHNICAL BULLETIN 314, U. 8. DEPT. OF AGRICULTURE

The question naturslly arises as to whether reaction to rust is cor-
related with gross morphological characters. In general, those species
which are susceptible to Puccinie grominis resemble Berberis vulgaris
somewhat in the size, shape, and texture of the leaves, while those
resembling B. thunbergiz are likely to be resistant. Of course, there
are exceptions to this generalization. For example, B. wilsonae Hemsl,
and Wils. is characterized by small, lanceolate leaves, while B, vulgaris
has relatively large and oval leaves, but both are quite susceptible
to P. graminis. B, hookeri Lem. (susceptible) differs widely from
B. wulgaris in leaf texture, the former possessing leaves that are hard
and leathery in texture when mature, while those of B, vulgarie are
soft and more or less tender. The leaves of B. neubertis Hort. (very
susceptible) are about 2 inches wide and 3 inches long, while thoss of
B. vulgaris are less than 1 inch wide and about 1Y% inches long. As
a general rule, however, there seems to be a close correlation between
the B. vulgaris type of leaf and susceptibility to P. graminis.

Certain indications have pointed out that while the plants of a
botanical species of Berberis may be phenotypically similar, they may
be genotypically dissimilar with respect to susceptibility to P. graminas,
or there may be a very narrow range of conditions witgin which infec-
tion may take place on certain species. In one shipment of B. hooker:
there were 12 plants. Within a period of two yesrs 18 inoculations
were mede on these plants and only one secium resulted, but this
lone aecium was perfectly normal in all respects. Other species that
may not be homozygous for rust resistance are B. aristata DC., B.
bmchyz;oda Maxim,, % gilgiang Fedde, and B. soulieana C. Schueid.

In Table 2 are given those genera and species of the Berberidaceae
that did not rust when artificially inoculated in the greenhouse. The
variety of rust used in the inoculations is given, the term *variety”
here being used to designate one of the group forms of Puccinia
graminis. The number of trials for each species is the total of the
inoculations made by Stakman and Levine plus those of the present
suthor. All the species here listed are not to be considered definitely
immune, since further inoculations may prove that some of the spezies,
except B. thunbergii DC. or its varieties, are susceptible. The first
list of immune barberries, made three years ago, contained more than
doubie the number presented in Table 2, so conclusions as to resistance
or immunity of any species, based on & small number of negative
results should net be regarded as of great value.

TaBLE 2.—Genera and species of Berberidacese that did not rust a8 6 result of artificial
troculation with teliospores of five varielies of Puccinia graminis

Number of ingeniations with varieties of P, graminl

Qunors 5d 5pecies :
Agrostidis’ Avenas | Prag Trlticl

. potanigit Maxim

. rapons Lindgl

. stenophyiln Mast

. thunbergil DC

thunbergil stropurpures Hort . _

. thunbergil mpximowiczii (Regel) C.
. thnpbergi minor liahd -
Caulopkylum thailctroides (L.} Mishx_ . _
IMphiytiels cymosa Michx

Jaffarsonin diphyila (1..) Pers
Podophiyllnm peitatium L
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A few of the barberries, previously listed ss susceptible, exhibit
what may be a physiologic rather than a morphologic resistance, 2s
probably is the case with the majority of those barberries now con-
eidered or proved immune. For example, mature leaves of Berberis
asiatica are rather leathery, but the young leaves are soft and
smooth. When this species was inoculated with teliospores of the
tritici variety of Puceinia graminis, a heavy pycnial infection resulted,
but no aecia formed. (Seepl.5.) When examined with a band lens, &
single outgrowth, possibly an abortive aecium, was sometimes seen on
the dorsal surfece of the leaf. On this species the fungus was able o
penetrate the leaf and produce the initial infection, but for some reason
was prevented from completing the normal development of the rust.

The same phenomenon—heavy pycnial infection with subsequent
production of a few or no aecia—is frequently seen in varying degrees
on the compound-leaf barberries, the Mahonias of some authors.
Berberis fremontii Torr., B. haematocarpa Wooton, B. nevini A.
Grey, B. swaseyi Buckl., and B. trifoliclate Moric. are infected withont
grest difficulty. Aecia, however, fail to develop in about hslf the
number of infections. With B. aguifelium Pursh and B. californica
Jepson, infection has been difficult to secure, and only a few pycnia
usually are present, with no aecia. In Europe, however, infection has
been reported on the fruits of B. aguifolium, and in the United States
and Canads on the leaves of B. aquifolium in 8 few cases.

Although those species and vaneties of Berberis thaf resemble
B. vulgarts seem in genersl to be susceptible to rust and those of the
B. thunbergii type resistant, there is some observational evidence that
hybrids between the two sometimes may have the susceptibility of
B. vutgaris and many of the morphologic characters of B. thunbergis.
It seemed worth while, therefore, to study the rust reaction of hybrids
between these two species in order to ascertain whether there is a
correlation between morphologic characters and susceptibility to
rust. The results are summarized in Table 3.

TaBLe 3.—Reaclion of Berberis vulgaris X B. thunbergii hybrids fo Puccinia
graminis lritici and P. graminis secalis

Reaction of hybrids | to—

P, gram!nis teitfel P. graminiz secolis

Rasistant 24Ut | Reslatant | Susceptible

B. vulgaris X B, thuobergit F) {F: individuals)_...

201 (0,
20203, 2, 8
FO04 (3, 9, 204 (2)

10,107 |
B. vulgatis X B. thunbergli Fy {Fs ndividusls)_._ P2053,6,9) | 4107 5, 2.5,
19, 22,'27)

1208 (2}
207 (z, 9,
11, 15, 22,
. 28" 26, 30)
B, C. 1 ¥ B. valgaris (back cross) i ) 208 (5,8

! Individuals ate grouped according to Fs farolites and back crosses, For example, 20t (1,268 10, 11)
menns individunls 1, 2, 5, 8, 10, and 11 of family 201,

t Accoriting to Blakesles, B, G, 1, 2 and 3nnd C. B. 1 are Fy's fromn crosses made in 1914 betwoeen Herberis
thunbergti and the purpie-lenvad variety of barberry,
E[l Igumtﬁersyglven by A. H. Biskesles, Onraogis Institute for Experimental Evolution, Cold Spring

arbor, N, Y,

17 pinnts Howed up Iz the nursory aod replaced wlthout numbers.

111171—32 2
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The plants used in this study were furnished by A. H. Blakeslee, of
the Carnegie Institute for Experimental Evojution at Cold Spring
Harbor, N. Y. They were crosses between Berberis vulgaris atro-
purﬁurea and B. thunbergii. The plants were removed from the field
at that place and shipped to St. Paul, Minn., where they were potted
and subsequently inoculated on the appearance of new leaves. They
were inoculated with Puceinia graminis tritici form 18 from Laramie,
Wyo.; P. graminis secalis form 9 from Wanamingo, Minn.; and P.
graminis secalis form 11 from Litchfield, Minn. '

The purple-leai common barberry parent was determined as sus-
ceptible. The other parent, Berberis thunbergii, is known to be
immune. OQf the four F, individuals referred to in footnote 2 of
Table 3, one, C. B. 1, was susceptible, while three, B. C. 1, B. C. 2,
and B. C. 3, did not rust as a result of the five inocwlations made, Of
the three individuals obtained from a back cross of B. C. 1 X Purple,
two were susceptible and the third was rust free in three inoculations.
Of these inoculations, only the series in which the checks were infected
are included.

Of the four individnals obtained from a cross of B. C. 1XB. C. 3,
three of the four F, individuals are susceptible, the status of the other
being unknown.

Data are available on the reaction of 38 F; individuals belonging to
six F, families of & population of 45. Of this number, 22 were immune
from and 16 susceptible to Puccinia graminis secalis in repeated inocu-~
lations. These small numbers constitute a ratio of three to two and
are not definitely indicative of the number of genetic factors involved.
Nor is it possible to ascertain from the reaction of either the F, or F;
generation whether resistance or susceptibility is dominant.

In this particular cross, susceptible plants were in general like the
susceptible parent in morphologic characters. The leaf color of most
of the plants was green, very few purple-leaf plants being present.
All the purple-leaf plants were susceptible. The immune individuals
resembled the Berberis thunbsergii more than the B. wulgaris parent;
therefore, it would seem that there is a correlation between morpho-
logic characters and resistance to Puceinia graminis. This makes the
eradication of barberries easier, as apparently there is but little ground
for the fear that there may be numerous hybrids that look like B.
thunbergii but rust like B. vulgaris.

GERMINATION OF TELIOSPORES

The species and varicties of Berberis susceptibie and those resistant
to rust having been determined, experiments were made to ascertain
the conditions governing infection of the susceptible varioties. B,
pulgaris was the principal species used in the experiments. Obviously,
the first factor to be considered in studying the sequence of infection
in the aecial stage is the germination of the teliospores.

It has been known for meny years that the germination of teliospores
is capricious. DeBary (2, p. £4) observed that they rarely germinated
immediately after their formation. It is definitely known that a
resting period is required before they can germinate. Just what is
the nature of the change that occurs between the time of formation of
the teliospores and that of their physiologic maturity is not known.
Numerous attempts have been made to determine the factors affecting
maturation and germination, but the problem is still very imperfectly
understood.
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McAlpine (11), Klebahn (9), Thiel and Weiss (18}, and Lambert
{10) made experiments to determine whether temperature affected the
maturation of the spores, but all concluded that this factor alone
exerted only a minor influence. Likewise, Klebahn (3) and Lambert
{10) concluded that moisture alone had very little influence on the
meaturation of teliospores. Lambert (10) also found that light had
very little effect, Waters (20) has shown ihat the formation of telia
may be hastened by placing plants infected with Uromyces appendicu-
latus, Puccinia sorghe, P. suaveolens, U. trifolii, or U. polygoni in the
derk. In general, it may be said that the teliospores formed in the
fall usually de not germinate until the following spring or the season
corresponding to it.

Numerous sttempts have been made to break the period of dor-
mancy of the spores, but most of them have failed. Thiel and Weiss
(18) found in the winter of 1920-21 that teliospores treated with
citric acid germinated readily, while nontreated spores from the same
lot did not germinate. Similar attempts since that time, however,
have been unsuccessful. Lambert {10) tried to stimulate germination
by using several chemicals, but found none effective.

After the maturation of the teliospores, germination may be influ-
enced by moisture and tempersture and probably less by light and
hydrogen-ion concentration. Melhus et al. (13) found that “at a
humidity of 95.6 per cent, only a slight production of sporidia was
obtained,” and *the most prolific sporidia formation occurred in a
saturated stmosphere.”

Distel (5) thought the minimum temperature for the germination
of Puccinia graminis teliospores to be 9.5° C., the maximum 23°
and the optimum 22°. Melhus ot al. (I3, p. 290) state: “* * *
sporidia formation may occur only between 5° and 25° C. and seems
most profuse at 20° C. * * *” Lambert (10, p. 11) states:
“x % % the spores germinated well at 12° to 18° C. but they
germinated most consistently at 18° C.”

Lambert (10, p. 11-12) found “no consistent differences’’ between
gormination of spores in diffuse sunlight and in darkness. He further
states that “some collections of teliospores ‘will germinate in a fairly
wide range of H-ion concentration,” and that ‘““different collections
of teliospores differ considerably with regard to the time required for
germination.’”’

When teliospores of the #ritici and secalis varieties were used to
inoculate barberties for 2 duys, then dried for periods of 1 to 10 days
before being used to inoculnte other barberries, the infection produced
by both varieties was praetically the same in both trials.

With regard to the longevity of mature teliospores, Lambert
(10, p. 13) says: “1t has been observed repeatedly that under natural
conditions they usually are comparatively short-lived.” Regarding
the best method of storing telia to retain their viability, he (10, p. 13,
15) states: “It will be noted that material kept dry and at the lowest
temperatures remained viable for the longest time.” e mentions
that telial material of Agropyron repens was placed in storage at
gpproximately 2° C. and that “Cotter continued his inoculutions
with the spotes * * * and was able to obtain infection untit
spring.”” This material was left in cold storage during the summer.

On August 31, 1926, Berberis lycium, B. pruinosa, B. vulgeris, and
B. (Mahonia) repens were inoculated with the material mentioned.
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A very light infection occurred on B. vulgaris. Another series, inocu-
lated the same day with the same material, consisted of B, aggregaia
pratiii, B. brackypoda, B. leichlinii, and B. vulgaris used ss 8 check.
On B. leicklinii & moderate infection of pycnia appeared September
13, and aecia were noted on September 27. A very light infection,
apparently monosporidial, appeared on B. vulgaris September 14.
No aecia appeared. From these data it seems that telia may retain
their viability for a year and a half when kept in a dry place at a
temperature slightly above the freezing point. These telia were
formed in the fall of 1924 and produced some infection the latter part
of August, 1926,

In the spring of 1626 teliospores on Agropyron repens (L) Beauv,
were collected near Red Wing, Goodhue County, Minn, These telia
were used In the inoculations made in 1926 and 1927. The last
inoculations with this material were made in May, 1927. On May
12 Berberis arvensis, B. heteropoda, B. lycium, and B. notabilis were
inoculated with teliospores from this source. A moderate Pyonial
infection appeared on B. arvensis May 21, and aecis sppeared on June
6. A light pycnial infection appeared on B. lyctum May 20, no aecis
being observed. A moderate infection of pycnie appesred on B.
notabelis May 20 and accin appearsd on June 1. On May 16 B.
alesuthensis, B. aristota, B, haematecarpa, B. swaseys, and B. vulgaris
were inoculated with this same material. Light infection occurred
on B. glesuthensis and B. hagmatocarpa and moderate infection on B,
swaseyt and B. vulgarts. Aecia developed on B, vulgaris 12 days later,
Inasmuch as these teliospores were formed in the fall of 1925 and
caused infection in the spring of 1927, it appears that spores of this
collection were still germinating well a yesr and & half after the forma.
tion of the spores and a year after having been placed in the cold-
storage room. In this connection, Eriksson {6) showed in 1898 that
teliospores from wheat stored for two years in a dr laboratory ger-
minated after having been kept in the open during t%e winter.

In the upper Mississippi Valley telicspores under outdoor condi-
tions usually begin to germinate In April or May, and the question
arises how long they will remain viable under such conditions. Under
outdoor conditions, Melhus et al. (13) obtained plentiful germinstion
in April and Maey, but spores left out of doors would not germinate in
June or July. Lambert (10) found similar conditions at St. Paul in
1823 and 1924. The teliospores from a collection of telian on wheat
collected at Black Earth, Wis., and placed out of doors 2t St. Paul
by the writer germinated well on February 23, 1926. The teliospores
from this collection did not germinate March 9, 1926, or later. Telio-
spores on Agropyron repens, left out of doors at 8t. Paul in the winter
of 1926, germinated fairly well in March but very indifferently two
weeks later. The teliospores from A. repens left out of doors af St.
Paul in the fall of 1928 germinated weakly on March 26, 1929, but not
af all on April 10. As snow or rain had Tallen after the first inocula-
tion in each of the eases cited, the teliospores probably had germinated
before the second inoculation wes made. In these cases the teliospores
had been germinating before and after the first mnoculation ; sc when
the second inoculation was made, all of the teliospores had germinated.
Teliospores left out of doors during the winter at St. Paul germinated
before the middle of April in 1926, 1927, and 1928.
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Infection may noi occur even though the teliospores have germi-
nated and the sporidia have lodged upon the barberry leaf. Innsture
the conditions at the time the barberry leaves are unfolding are ex-
tremely variable. Rains may be intermittent, so that the film of
moisture necessary to the life of the sporidium muay disappear before
the germ tubes can penetrate the leaf; the temperature may drop so
low that growth of the germ tubes is very slow, while the cuticle and
epidermis of the leaf is thickening to such an extent that the germ
tube can not penetrate it; or the teliospores may germinate before the
barberry leaves appear. A study of the conditions under which infee-
tion of barberry leaves may occur is desirable to clear up the present
state of uncertainty as to the influence of moisture, temperature, light,
age of leaves, and the necessary incubation pericd on the infection of
barberries. To this end several experiments were made.

RELATION OF AGE AND FREEZING OF TELIOSPORES TO INFECTION OF BARBERRIES

The writer observed that from teliospores collected in the spring of
1925, 1926, 1927, and 1928 a much heavier infection of barberries
resulted than was obtained from spores of the same collection o year
later. On three ocecasions telia were tested s year and a helf after
collection, and the germination and resultant infection were very weak,
even when the spores had been kept in & cold, dry place. If teliospores
are not kept at & low temperature (about 0° C.} and dry, they lose
their viability rapidly. Occasionally they lost all power to produce
sporidia within two weeks from the fime germination was first noticed
in the collection.

Freezing viable telia of the #rifici and secalis varieties at a temper-
ature of —5° C. for two days did not appreciably lower the germina-
tion of the teliospores below that of the check, a3 determined by the
amount of infection produced on barberries.

RELATION OF TEMPERATURE TO INFECTION OF BARBERRIES

As temperature fluctuations at the time of the appesrance of the
first barberry leaves usually are very great, it is of the highest
importence to determine the effect of temperature on the infection
of barberries. Experiments therefors were made to determine the
importance of this factor.

Lambert (10, p. 19) found that “‘the greatest amount of infection
oceurred at 17° to 18° C.” He siates:

This experiment indicates that the combined proeess of teliospore germination,

speridia formation, liberntion, and germination, the infeetion of barberry leaves,

snd the development of aecial cups are retarded or prevented by temperatures
higher than 22° C,

To test this point, the writer repeated the experiment, using slightly
different temperatures. The teliospores used as inoculum were
scraped from the straw and placed upon the surface of distilled water
in Syracuse dishes, which were then placed at temperatures of 10°,
14°,21°, and 26° C., one dish of teliospores frcm wheat and one from
Agropyron repens being placed at each tempereture. At the end of
two days many spores presumably had germinsted and produced
sporidia, for infection was readily secured with spores so treated in
previous experiments. Only susceptible varieties of Berberis, prin-
cipa-llfr B. vulgaris, were used, except as otherwise noted. Before
inoculation the barberry leaf was wetted and the bloom removed,




14 TECHNICAL BULLETIN 314, U. 8. DEPT. OF AGRICULTURE

after which a drop of the telial suspension was placed on the young
leaf by means of a loop needle inserted below the surface of the
liquid and then lifted so as to carry with it the teliospores and their
sporidia almost undisturbed. . After the plants had been thoroughly
wetted with water, they were placed in containers in a temperature
tank for two days. The plants were sprayed with water at intervals
of about three hours during the day for two days in order to main-
tain the film of moeisture around the spores. At the lower tempera-
tures it was not diffieult to meintain this film of moisture, but at 24°
to 26° C. and 31° to 35° it was more difficult. Notes were taken on
the first appearance of infection, as shown by the appearance of pycnia,
on the first appearance of aecia, and on the degree of infection, The
resulte are given in Table 4.

TanLE 4.—Effect of temperature on rale and degres of development of rust infection
" on Berberiz vulgarie inoculated with teliospores of Puccinia grominis britici and
P, graminis secalis and fneubated in a conlinuously saturaled atmosphere

Number of days required for appearance of pycnis and asels nud degres of infectica !
prodticed at temperatuces of—

8°-10° C, 12%-14% O, | 16°-18° C. | 1W°-21° G, 24%-25* G, 31°-35° C,

Bye-14acin Aecia| E¥&

Pyenfa| decls| 50 oin

Aocia| Pyenin| Aecia

6+-Hal++H 9+
%1 84-H 74-Hi—
34 |25+~ |21+
242 o |9+ [ |64
| BHH T+
CTRaN g+—{0

! The degrea of inlection {3 iudicated by the lollowing symbols: ++, Heavy; -+ moderate; +-—, light;
+——, very {{ght; ¢, nome; ______, no trial.

It will be seen from Table 4 that only one very light infection
resulted a6t 31° to 35° C.; hence it may be concluded that the com-
bined process of teliozspore germination, formation, liberation, and
germination of sporidia, and barberry infection was Cgreatly inhibited,
if not prevented, by temperatures higher than 26° C. The optimum
temperature seems to be 19° to 21°. Lambert (/0) thinks the opti-
mum for barberry infection 1s 17° to 18° and that infection does not
take place readily above 22°, while Melhus et al. (23) state that the
maximum for formation of sporidia is 25° and that a saturated
atmosphere is necessary. This, however, is difficult to maintain af
temperatures of 24° to 26° and 31° to 35°,

After inoculation the barberries listed in Table 4 were held two
days at the same temperature at which the teliospores germinated.
Then four of the five plants in each series were changed to the incu-
beting temperatures, where they remained until notes were taken on
all the plants. However, in this experiment one factor has not been
eliminated, namely, the possibility that the teliospores incubated at
the germinating temperature might not have germinated at that
temperature, but might have germinated when the inoculated plant
was transferred to the incubating temperature. To remedy this
defect further inoculations of Berberis vulgaris were made.
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Teliospores from Agropyron repens from Rechester, Minn., were
placed in distilled water and incubated two days at each of five tem-
peratures. Five plants of Berberis vulgaris were inoculated with the
sEores incubated at each temperature, and these plants were held at
the same temperature for two days, during which they were sprayed
with water from an stomizer every three hours during the day. At
the expiration of this period four of the five pots held st each tempera-
ture were shifted, one to each of the other four temperatures, where
they were left until the notes had all been taken. When shifting the
four pots the plants were thoroughly dried before being placed at the
different temperatures. This procedure obviates the possibility of
infection occurring at a temperature other than the originsal spore-
ger"i‘mg?mon temperaturs. The results of the inoculations are given
1n Table 5,

TABLE &.—Influence of lemperature on the rale and degree of development of pyenial
infection on Berberis vulparis inoculated wilh {elospores of Puccinia graminis
sgcalgf Mj,d incubated two days in o saturaled aimosphere, dried, and replaced in
the chambers

MNumber of days required for sppearsace of pycnia nod degrea
of infection?! prorfuced at temperatures {°C.) of—

Temperature (¢ Q.1 for spore germinatlon
) 7707 G. | 15°-18° C. | 10°-21° C. | 24™-20° C. | 31°-35° C.

154—— 1N4+—= -5 20 o S — 84
04 —— 7++ 5+ 6+t Tofpr——
i] 1] T+ T+ 0+
&4 &+ 4+ 0 ]
8+— i+t i+ H+ ¢
34 T+ 7+ B+ i
it o ¢ 4= g
Q G o a ]
] ] il 0 [H

t 444, Vory heavy; 4+, heavy; +, moderate; +—, light] +——, very light; 0, none} —..-_., o trish

The results given in Table 5 are & little more clear-cut than those
in Table 4. 'The dats indicate that the processes of germination of
teliospores, formation, liberation, and germination of sporidia, and
penetration of barberries do not take place freely at temperatures of
24° to 26° C. and 31° to 35°, as no infection was secured from the
teliospores incubated at these two temperatures. The smallest
amount of infection resulted from the teliospores incubated at 7° to
9°, while moderate infection developed at tﬁe three lower tempera-
tures, from the telia germinated at 15° to 18° and 19° to 21°, Itis
noteworthy that infection eppears first at the higher temperatures
and last at 7° to 9°, the optimum temperature being 19° to 21°.

The evidence presented seems to show that teliospores of Puccinia
graminis rarely if ever germinate and I1};1:}0(1110;& snd liberate sporidia
at temperatures higher than 26° C. is is in accordance with the
results of Melhus et al. {I3), who found 25° the maximum for pro-
duction of sporidia, and Lambert (10), who found that there was
light infection at 22° to 23° and little or none at 26°.

INFLUENCE OF LIGHT ON INFECTION OF BAREERRIES

Next to temperature and moisture, light is perhaps one of the most
important factors in the development of rusts. Therefore, the effect
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of light and darkness on infection of barberries was also investigated.
Lambert (10, p. 22) found that—

Different amounts of light during the peried of incubation apparently had no
effact on the percentage of leaves infected, but the number of infected petioles
was markedly greater on the plants kept in total darkness than on $hose exposed
to constant intense light.

Heavily rusted straw was supported on wire screens above Ber-
beris vulgaris and wetted twice daily. By this method heavy infec-
tion usually is secured. After removal from the incubators, one of
the plants'was kept in constant light under 2 500-watt light suspended
4 feet above the table, one was placed on the greenhouse bench whers
it was exposed to alternate light and darkuess, and the third was
kept in a dark room at a temperature of aboust 10° C. until sufficient
timo for the appeatance of pyenia had elapsed. The results are
given in Table 6.

TasLE 6.—Influence of light on production of pycnia on Berberis vulgaris tnoculaled
with leliospores of Puccindia graminis secalis tn the greenhouse

Number of days required for nppearsnce of pycenia snd secia under
indicated Hght couditions after reiuoval from moist chambers, and
degrec of infection ! praduced

Dt of inocnlation Alternate ligtt and

darkness (diurnal) Coastant light Constant darkpess

Pyenia Aecia Pycoia Aeris Pycnia Aecln

B+ w+—-| | o )
s R e B e

+
B+ 9+ + 4+ +

t +-++, Very heavy; -1, heavy; 4, moderats; +—, light; +——, very light; 0, noge.

No coxclusions can be drawn from the data in Table 6, because
the plants kept in total darkness were held at & temperature of 10° C.,
while the plants in constant light and alternate light and darkness
were kept at a temperature of 20°, so the results are not comparable.
While the cold temperature would tend to retard the appearance
of infection whether in total derkness or in constant light, the fact
that infection did appear as soon on the plants inoculated January 12
and kept in total darkness as on the plants subjected to alternate
light and darkness would tend to discredit the idea that light slone
has any decided effect on the occurrence of pyenial infection, Later
experiments carried out at a temperature of 10° indicated that the
infection becomes apparent slightly earlier on plants kept in constant
light during the processes of incculation and incubation than on those
inoculated and incubated in chambers kept constantly dark.

TIME REQUIRED FOR INFECTION OF BERBERIS VULGARIS WITH TELIOSPORES OF
PUCCINIA GRAMINIS SECALIS

As far as the writer knows, no one actually has determined the
time necessary for infection of barberries from the time the telia are
first wetted until infection occurs.

The question is important because of the fact that in nature the
teliosperes germinate on straw, where they preduce sporidia which
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must be blown to barberry plants, where they germinate and produce’
germ tubes tha{ penefrate tEe host. Environmental factors therefores
must be favoreble for a longer time to insure infection of barberries:
than in the case of infection of gramineous hosts with aeciospores
and urediniospores. Just how long conditions must be favorable is
not known. .

To solve this problem, a suspension of teliospores in water was
prepared and used immediately to inoculate Berberis vulgaris plants,
which were at once placed in moist chambers where they were kept
moist for the duration of the experiment.

No infection resulted when Berberis vulgaris plants inoculated with
teliospore suspension from Agropyron repens were incubated for 17,
18, 24, 30, and 42 hours, respectively, in various series at greenhouse
temperature. Other plants in these series became infected when:
incubated for 41, 48, 50, 66, 90, 113, and 119 hours, respectively, at:
greenhouse temperature. Dsvelopment of pycnia was very light om
the plants incubated 41 hours; the infection on the plants incubated.
50 hours was only slightly heavier; and the infection resulting from
longer incubation periods was moderate to heavy. The results indi-
ca:s that a period of at least 66 hours was necessary for the germi-
nation of the teliospores, formation of the promycelia, production,
liberation, and germination of the sporidia, and subsequent infection..
The severity of infection was but little greater when the incubation:
period was 72 hours or longer. This, then, means that barberries
probably become heavily infected in nature only when favorable
\;feathar conditions prevail more ot less continuously for two or three
days.

To determine the minimum length of time necessary for susceptible
barberries to become infected under the most favorable conditions,
teliospores from Agropyron repens collected near Rochester, Minn.,
were soaked two days In water and used as inoculum. The incubation
chamber was a tall metal can covered by a pane of glass and with
about an inch of water in the bottom to supply the necessary humidity.
The potted barberry plants were placed in the chamber, wooden sticks
were inserted into the soil in the pots, and a coarse %-inch mesh wire
screen was placed on top of the wooden sticks. The telial material
was placed upon this wire screen so that the sporidia fell in a shower
over the plants below. Twice a day this material was wotted with
water. Four barberry plants were designated as a series in each
chamber, and certain plants of each series were removed at definite
times. Plants exposed to the sporidial shower 1%, 2, 3, 8, and 24
hours did not become infected ; but plants in the same series exposed
21, 29, 33, 45, 48, 47, 48, 55, 69, and 71 hours became infected. The
infections were light on the plants exposed 21 and 29 hours, moderate
on those exposed 33 hours, and heavy on those exposed 45 hours. It
was to be expected that plants exposed for longer periods to the
sporidial shower would be heavily infected, and such wns the case..

T:t these experiments the minimum time required for liberatiom.
and germination of sporidia and barberry infection was 21 hours..
However, the limited available data and the wide gaps in time of:
exposure in the various groups made further information desirable..
This experiment also raised the question as to how long the telial.
materiarewould have continued active in supplying inoculum: if. the

111171—32 3
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experiment had been continued. Another point deemed worthy of
investigation was the length of time that must elapse before the
teliospores kept in a moist atmosphere discharge the maximum
number of sporidia.

Telia on quack grass from Rochester, Minn., were soaked in tap
water two days prior to being used as o source of inoculum. Five
- pots of Berberis vulgaris were exposed to the sporidial shower from
this material. One pot was removed after exposure for 28 hours,
and developed a light infection ; the other four were exposed 45 hours
and developed light tc moderate pycnial infections.

Four plants of Berberis vulgaris were exposed to the telia used in
‘the foregoing series. One plant, subjected 6 hours, did not become
infected, while a second plant, exposed 24} hours, became heavily
mfected. The other two plants, exposed 27 hours, also became heavily
infected.

The same rusted straw was used sgain as a source of inoculum for
 third series of Berberis vulgaris. Al four of the plants were exposed
to the sporidial shower 45 hours and eventually developed a moderate
to heavy pycninl infection. The results show that sporidia were being
liberated 116 hours from the time straw was first wetted and 50 hours
from the time the first infected barberry was removed from the incu-
bation chamber.

As a check on the foregoing series, and in order to determine
‘whether collections of telia on Agropyron repens would cause similar
reaction, teliz from Hennepin County, Mimu., were similarly soaked
for tv. 5 days before they were employed as a source of inoculum.

As in the first series of the previous experiment, one of the plants
was exposed to the supposed sporidial shower 28 hours and the other
three were exposed 45 hours, but no infection resulted. The results
show that each teliospore collection is & law unto itself. These two
collections were gathered about the same time from localities similar
in climate and not very widely separated. Barberry infections were
-obtained from the Rochester collection 96 hours after the telin had
been sosked in water; from the Hennepin collection barberry infec-
tion developed after the rusted straw had been soaked 117 hours.
The known time of spore discharge of the Hennepin teliospores is
‘46 howrs and of the Rochester material 88 hours. The Rochester
materinl germinated first and over the longer period of time. The
telial material was used again for a supply of inoculum, and some
infection resulted. A plant exposed 6 hours did not show any signs
of infection, but plants exposed 24 hours became lightly infected, as
did two plants exposed 27 hours. In the third series with this telial
material, four Berberis vulgaris plants, exposed 44 hours to the
sporidial shewer, became lightly or moderately infected.

It is evident that for some reason germination of the teliospores in
the Hennepin collection did not occur so readily as in the Rochester
-collection, although both collections were gathered within a few days
of each other from localities 80 miles apart. 'The first infection
recorded from the use of the Hennepin material was on a plant
-exposed 24 hours in the second series and 117 hours after the material
was first wetted. The first recorded infection from the use of the
Rochester material was on a plant exposed to the shower of sporidia
for 28 hours after the telia had been soaked in water 48 hours. The
known time of spore discharge by the Hennepin teliospores covered
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a period of at least 46 hours, as shown by the infections that occurred
on the barberries exposed to the sporidial shower during that time.
Phe known time within which the Rochester teliospores produced
sporidia is 88 hours, as judged by the infections produced on bar-
berries removed from the incubation chamber during that time.

In a third experiment rusted quack grass from an unknown source
was similarly soaked for two days before being used to inoculate bar-
berries. The material was divided into two parts, the second series of
barberry plants being inoculeted six hours later than the first, with
telia soaked six hours longer.

In the first series, plants exposed 5% and 8% hours did not become
infected, while plants exposed 26 and 33 hours became heavily
infected. In the second series, infection occurred on all the plants,
even though they had been exposed to the sporidia]l shower only 7,
23, 26, and 30 hours, respectively, the infection ranging from light on
ﬁha plant exposed 7 hours to very heavy on the plant esposed 30

ours.

In the second half of the experiment three plants exposed 1, 2, and
3 hours, respectively, did not become infected. The fourth plant,
exposed 20 hours, became heavily infected. Plants of the second
series exposed to this telial material were all heavily infected after
15, 18, 24, and 39 hours.

The teliospores from the two series were combined to furnish
inoculum for a series of plants of Berberis vulgaris. Infection
occurred on all members of the series after exposures of 5, 12, 24, and
49 hours.

A third series exposed to this combined telial material became
infected after an exposure of 48 hours. Two plants of Berberis
sulgaris were subsequently inoculated with this material. One light
infection was noted on one of the two plants after an exposure of 23
hours. When two plants of B. vulgaris and one of B. canadensts
were inoculated with the same material after the removal of the pre-
viously inoculated plants, light infection occurred on the B. canpadensis

lant and on one of the B. vulgaris plants after an exposure of 25
yours. This telial material had first been immersed in tap water at
noon Februarv 8. The first infection obteined was on a plant exposed
to a shower of sporidia for 26 hours and removed 72 hours from the
time the teliospores were first wetted. The last infection obtained
was on two plants removed from the incubation chamber after
exposure to a sporidial shower for 25 hours produced by telial material
wetted in tap water for 264 hours, or 11 days.

From these results it appears that barberry plants may be infected
by telial material that has been continuously wet for 11 days. Such
a continuous discharge of sporidia means that under natural condi-
tions, during long periods of rein, the barberries in the vicinity of
heavily rusted grains or grasses are exposed to a constant shower of
sporidia, so that infection is almost certaln to occur on the barberry
plants. If there are periods of alternate rainfall and dry, warm weather
successive infections on barberry may result. If barberry leaves are
not unfolded when the first teliospores germinate, little or no infec-
tion occurs; but as the successive periods of germination of teliospores
occur, some and possibly all of the barberry leaves are very likely to
become infected.
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To complete the data, another double series of plants was axposed to
teliospores from quack grass from an unknown source. T zain some
idea of the time when sﬁe first sporidia were formed, half of the telial
material was used as inoculum two hours after it had been placed in
tap water, the other half being used threc days later, because in one
of the preceding experiments it seemed that the teliospores did not
germinate in the tap water in which they were soaked but did ger-
minate shortly after being placed on the screens above the plants,
where they had access to plenty of oxygen and moisture.

In the first series, in which the telia had been presosked two hours
‘before being used as inoculum. Berberis nulgaris plants exposed to pos-
sible infection by sporidia for periods of 21 and 29 hours, respectively,
became lightly infected, while those exposed for 45 and 70 hours,
respectively, became heavily infected. In a series inoculated with the
other half of this material, three B. rulgaris plants exposed fer 1, 2,
and 3 hours, respectively, did not become infected, whereas the fourth
plant, exposed 47 hours, became heavily infected. In a third series,
exposed to telia from the first series, plants exposed 9 and 24 hours did
not become infected. The other plants, exposed 33 and 48 hours,
Tespectively, became moderately infected.

From the foregoing it is evident that the 2-day presoaking was not
necessary for the germination of the teliospores. The first plant
Tremoved [rom the mncubation series, 21 hours after inoculation and
23 hours after the water was put on the telia, was infected. While the
degree of infection was light, further experimentation might have
revesied that infection may take place in a still shorter time. From the
facts herc given, however, one can say that the processcs of germina-
tion of telicspores, and formation, liberation, and germinstion of
sporidia, with subsequent penetration of the barberry leaf, can, under
favornble conditions, take place in & minimum time of 23 hours.

The other half of this telial material, presonked three days before
using, failed to produce infection on a Berberis vulgaris plant exposed
to it 3 hours, but did produce infection on plants exposed 48, 55, and
71 hours, vespectively. The degree of infection was, however, very
light. In a second series inoculated with this telial material, no
infection was secured after exposures of 3, 5, and 23 hours. Thus, it
appears that presoaking the telia for two days promotes germination,
and but little infection usually results if the material is kept moist
longer than two days. The writer believes that soeking the telial
material for two to six hours before using it for inoculation will pro-
vide for the least loss of sporidia with the maximum number of wer-
minated teliospores. Furthermore, short pericds of rain, followe by
conditions unfavorable for dissemination of sporidia and infection of
barberry plants, would result in considerable loss of potential infec-
tive power, as far as the pathogene is concerned. It will be recalled
that in the previous experiment the teliospores germinsted over a
period of 11 days when suspended on a wire screen in a moist chamber.
In this experiment it appears that nearly all the teliospores germinated
in three deys when taken from the same collsction, kept under the
88Mo ¢~ .uitions, and sosked three doys in tap water,

Under natural conditions most of the teliospores from low places,
such as swamps, may germinate at about the same time, while those
on grains or grasses in higher, well-aerated places may germinate at
different times.
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SUSCEPTIBILITY OF BARBERRY LEAVES OF YARIOUS AGES AND SPECIES

~ Ttis known that the age of barberry leaves 2t the time of inoculation
is a factor in infection with Puecinia graminis. Melhus et al. (13)
state:

Repeated attempts in the greenhouse and field under varied moisture and
temperature conditions failed to praduee infection on the more mature leaves
* 4 % The merked diffierence in the susceptibility of young and old leaves of
the barberry may be due to the thickness of cuticle and epidermis, considering
that infection is accomplished by penetration of the tissues and not through
invasion of sitomata.

Melander and Craigie (12) think that the leaves of susceptible
species becomne virtually immuns with age.

The leaves of the barberry plant can unfold and grow upder condi-
tions that do not permit infection. If, then, only the very young
leaves are suseeptible, many of them would escape infection if weather
conditisis were not favorable during the period of their immaturity.
If, on the other hand, the leaves remain susceptible for & eonsiderab{a
period, the chances of infection would be much greater.

T obtrin evidence on this point, rapidly growing plants of Berberis
pulgaris were examined daily for 11 days, and to each new leaf a tag
was attached bearing the date the leaf unfolded. On the eleventh
day, eight of these barberry plants were inoculated with sporidin of
Puccinta yraminss secalis. Pycuin appeaved five days later. Notes
were taken on the number of leaves infected on the several dates, the
age of the leaves, and the degree of infection produced on each leaf
each day. Some of the results ave given in Table 7.

Tanre T.—Injfluence of age of barberry leaves on development of rust in the greenhouse

Rerberis vulgaris Bearberls astoensis
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The data given in Table 7 show that infection appears first on the
younger leaves and two or three days later on the older leaves. This
probably is due to the difficulty the fungus experiences in puncturing
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the cuticle of the older leaves and perhaps in penetrating the tissues of
the older leaves before ramifying inside the tissues. Since heavy
infection was noted on leaves 14 and 15 days old, apparently the age
of the leaf is not a facter in determining the resistance or suscepfi-
bility of any given species, provided the fungus is able to penetrate
the leaf, the infection being just as heavy on leaves inoculated when
15 days old as on those inoculated when 1 day old.

It is evident from Table 7 that leaves of Berberis vulgaris may be
infected by Puccinia graminis as late as 16 days after they first appear.
As many of the tags showing the age of the leaves were dislodged
during the inoculations, the ages given in Table 7 are not so great
as they otherwize might %ave been; but since leaves that
apparently were af least 2 days older than the tagged 16-day leaves
were moderately or heavily mnfected, it is thou %t that if none of
the tags had been dislodged leaves still older than 16 days might
hrye proved susceptible.

Ungoubtedly, insolation exerts some indirect influence on the ease
with which the fungus can penetrate barberry leaves. In the experi-
ments, the results of which are given in Table 7, 9 of the 17 days during
which barberry leaves were being tagged were cloudy, while the sun
shone brightly on 8 days. The forencons of 2 days were cloudy and
the afternoons were sunny. These days were included in the totals
as 1 cloudy and 1 sunny day. Had all the days covered in this ex-
periment been sunny, it is quitc possible that infection would not
have occurred on common barberry leaves 16 days old, as Melander
and Craigie (/2) found that leaves of Berberis vulgaris 10 days old
were somewhat resistant, There was no correlation between the
degree of infection and the presence or absence of sunshine on the
day the leaves appeared, as leaves of the same date showed the
extremes of infection, from very light to very heavy.

From Table 7 it is clear that the total numbers of leaves of Rer-
beris vulgaris inoculated and infected are the same, with one excep-
tion, up to and ineluding the eighth day, whereas in B. getnensis the
total number of leaves inoculated and infected correspond up to end
including the twelfth day. With B. vulgaris it was possible for every
tagged leaf to become infected up to the twelfth day. All the 12-day
leaves tagged on that day became infected, but not all the 9-day
and 10-day leaves were infected. Infection became more uncertain,
however, on leaves 13 to 16 days old, and on the sixteenth day only
one of the five inoculated leaves became infected, and then but very
lightly, In the case of B. vulgeris there secms to be a gradual harden-
ing off of the leaves after the eichth day, although there is no evidence
that this occurs in leaves of B, aefnensis. The results support the
conclusions of Meclander and Craigie (12, p. 99), who state: “Leaves
of B. vulgaris 10 days old are fairly resistant to P. graminis. This
would indicate a close correlation between resistance and the thick-
ness of the outer epidermal wall.” But the results also show that
leaves remain at least moderately susceptible for 10 days to two weeks,
especially if weather conditions are such as to prevent them from
hardening. This fact, of course, is favorable for the pathogene
during the spring.

Observations were made to determine those parts of the common
barberry that are most susceptible to infection by Puecinia graminis.
Data were gathered on a number of infected plants. The degree of
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infection was noted on the leaves, steins, petioles, spines, leaf spines,
and growing points of the stems. Field observations were made on
infection of the flowers of Berberis vulgaris. The greenhouse data
are given in Table 8.

TasLE B.—Susceptibility, in the greenhouse, of varicus plant paris of Berberis lo
black stem rus!?

Number of replicatlons according to degree of infection
indicated

[nfectlon courts B, vulgsris oormalls B. vulgetis attopurpulea

Moderate] Heavy | (207  (Modetate h‘;gr’;r

1 Extremely hesvy Iniection was once hoted also on the nodes of B, vulgaria aormafis.

The data in Table 8 show that any young or tender tissue on any
part of the plant aboveground may be infected. Infection is more
readily noticeable on the leaves than on any other part of the plant
because of the much greater surface exposeX to infection in compari-
son with that on the other parts of the plant. If infection occurs,
however, other parts of the plant are just as susceptible as the leaves.
Even the flowers may be infected. Common barberry collected at
Rocliester and Albert Lea, Minn., in 1928, was heavily rusted ¢n
leaves and sepals, with light aecial infection on peduncles and petals.
Appsarently there was also an infection on one of the stamens m one
of the flowers. When Berberis gilgiana was artificially inoculated
when blooming, infection developed on one of the petals as well as
on the leaves.

In the early spring, barberry plants are subjected to & wide range
of weather conditions. The frequent spring rains are often accom-

anied by lower temperatures, and this combination is especielly
avorable for teliospore germination and barberry infection,

Berberis zulgaris is generally supposed to be the species of barberry
most susceptible to the attack of Puccinia graminis. In the writer's
experiments, however, other species have become more heavily rusted
and have been injured to & greater degree thamn B. puigaris. Two
such are B. ilicifolia Forst. and & strain of B. canadensis Mill. found
in one section of Illinois. Frequently the entire leaf area of this
B. canadensis strain became infected, with subsequent chlorosis and
death of the leaves. Leaves of B. tlicifolic were frequently killed
outright when inoculated in the same series with B. vulgeris, while
on the leaves of B. vulgaris the infected areas were not contfinuous
nor did any leaves die as a result of the attack of the fungus. There
was little or no infection on the petioles of B. vulgaris, but there were
very numerous aecia on B. ilicifolic three weeks after inoculation.
The type of infection on B. slicifolia is shown in Plate 1, and an un-
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usually heavy infection on stems of B. vulgaris is shown in Plate 2.
In, Plate 3 is shown an infected whorl of leaves of B: vulgaris. 1t is
evident from Plates 2 and 3 that the leaves of B. vulgaris are not
killed as are those of B. ilicifolic. Even leaves having the exception-
ally heavy infection shown 1n Plate 4 may live for weeks.

8f those specics tested, Berberis asiatice Roxb. seems to be one of
the most resistant. Leaves of B. asiatice are illustrated in Plate 5.
In this case very small pyenial infections appeared at the same tima
as those on B. vulgaeris and within 10 days became dry and brown,
No nocia formed, whereas on B. vulgaris abundant aecia appeared,
(Pi. 2.} Apparently the leaves of B. asiglica toughen rapidly and
prevent the rust from spreading in the tissues.

EFFECT OF LENGTH OF INCUBATION PERIOD ON INFECTION OF BARBERRIES

If warm days follow the penetration of the sporidial germ tubes,
the appearance of pvenia is aceelerated, according to the deta result-
ing from artificial inoculations. In the greenhouse tbe incuhation
period of the rust in the barberry is much shorter at temperatures
of 20° to 30° C. than at temperatures below 10°. At the higher
teniperatures, 24° to 26°, pyenia appearad 3 to 10 days after inocula-
tion, depending on the amount of comsequent infection. Pyenia
appeared on the third day upon the plent with the most infeciions,
and on the tenth day upon one of the plants with the least infection.
It was found that the first infection appeared on the most heavily
infected plants and the last infection appeared on the very lightly
infected ones. This would indicate that the amount of inoculum
determines to some extent the rapidity with which infection becomes
evident, as a leaf infected by a large number of sporidia produced
pycnie before other leaves on the same plant that were inoculated
with a few sporidia. During the last five years the writer has found
that tho pycnia first appear on the fifth to the tenth day following
inoculations when the plants are kept under ordinary conditions in
the greenhouse. Light alone seems to have no influence on the length
of the incubation period of the fungus.

Wetting the barberry leaves and removing the “bloom’ from them
do not favor their infection. In a few of the writer's experiments
those plents that did not have the leaves wetted nor the *‘bloom”’
temoved were those that became most heavily infected. If more
series had been inoculated the results might have Leen exsctly the
opposite of those already obtained. :

FEFFECT OF TEMPERATURE AND MOISTURE ON DEVELOPMENT OF AECIA

Plants of Berberis vulgaris with a moderate to heavy development
of pycnia on the leaves were placed in the temperature chambers and
observations were made to é)etermine the time required for aecia to
appesr and mature. The results are given in Table §.
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TasLE 9.—Effect of lemperalure on development of aecia and opening of aecial cups
en Berberie vulgaris on whick pycnia had been produced after inoculation with
Puecinia graminis Iritici and P. graminis secalis in the greenhouse

MNumber of days tequired for appearsncs of necln and for cpenlop of aoclal
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The data show that temperature has a marked effect on the appear-
ance of aecia after pycnis have developed. At 25° to 26° C. aecia
- developed ot the same time as at 31° to 32° except in those series
where the amount of infection on the plants was not the same. The
lowest femperature {7° to 8°) had the most retarding effect on the
development of aecia. Temperature alone had no influence on the
number of aecia, for as many developed at 7° to 8° as at 31° to 32°,
There was, however, & very noticeable difference in the length of the
aeciel cups. At the lowest temperature the aecial cups were two to
three times as long as at the highest tempereture. At the temperature
of 31° to 32° the aecial cups opened very soon after their formation
and before they hed become much elongated. They were rarely 1
mm long. The aecial cups formed 2t 7° to 8° were 2 0 3 mm long
before they opened.

From an empirical experiment it appesrs that the influence of
moisture on the formation of aecia is irregular, because in two trials
secia formed on the plants in the wet chamber after the formation of
secie in the dry chambers, whereas in & third trisl aecia formed on
the plant in the wet chamber before they did on either the plant held
under dry conditions or on the check.

EFFECT OF FREEZING ON RUSTED BARBERRY

Under natural conditions infected barberrizs frequently are sub-
jected to wide extremes of temperature. Thke leaves often unfold and
become infected during warm weather in the early spring and may
be exposed later to freezing temperatures. Experiments therefore
were made to determine the effect of low temperature on the rust in
infected plants. :

Plants of Berberis vulgaris, some bearing aecia of the irifici variety
and some bearing those of the secalis veriety, were exposed to freezing
temperatures in low-temperature rooms. One plant was left in the
gresnhouse as a check, one was held at 0° C. for 11 days, one was held
at 0° for 10 days and at —5° for 24 hours, and the fourth was held at




26 TECHNICAL BULLETIN 314, U. S. DEPT. OF AGRICULTURE

0° for 10 days, —5° for 24 hours, and —10° for 24 hours. The plants
held at —5°, —10° and —26° were placed at 0° for 24 hours after
being frozen, in order to allow them to thaw out before being removed
to the greenhouse.

After the removal of the plants from the 0° C. room, the aeciospores
from each plant were used to inoculate a susceptible host. Little
Club wheat was used for the fritici variety and Petkus rye for the
secalis variety,

Only onc uredinium resulted from the inoculations, This was on
Petkus rye inoculated with aeciospores from the plant kept at 0° C.
and only 1 plant out of 17 became infected. ¥t is evident, however,
that » temaperature of 0° did not destroy the ability of the seciospores
to germinate. Craigie ® found that some aeciospores germinated after
having been exposed 70 minutes to a temperature of —6°. As the
aecia used in these experiments were from 51 to 67 days old when the
plants were removed [rom the cold rooms, it is more than likely that
many of the neciospores had lost their viability even before they were
frozen. As no other neccial material was available at the time, the
experiment was not ropeated.

A number of Berberts vulgaris plants besring pycnia were likewise
subjected to subzero temperatures. One plant was held at 0° C. for 5
days, another for 10 days, a third at —5° for 11 days, and two others
were held at 0° for 10 days, —5° for 24 hours, eand —26° for 20 hours.

In both the secial and the pycnial experiments gll the plant parts
above ground wers killed at —5°, —10°, and —26° C., although new
leaves subsequently appeared on the plants frozem at —5°. At 0°
some of the tender shoots were killed, but new leaves appeared later
on the older stems. All the barberry lenves in the aecial series and all
the young leaves in the pycnial series were killed at 0° except one of
the leaves on the plant bearing pycnia, which subsequently produced
a normal aecium, This aecium formed 12 days affer the plant had
been removed from the 0° room, while aecia developed on the check
plant 6 days after the other plants had been removed from the freezin
rooms. From this fact it would appear that the rust fungus cen live
at o temperaturve ns low as the host can withstand, for the rust was
able to complete its development when the barberry was piaced undsr
favorable cenditions, even after having been held at a temperature
that Kkilled the younger leaves on the plant.

In a later experiment two series of four plants each of Berberis
vulgaris were inoculated with sporidia at 16° to 18° C. and then placed
in the 0° C. room. At the expiration of & week one of the plants
was removed and placed in a greenhouse at a temperature of sbout
20° C., and four days later & pycnium appeared on one of the young
leaves that had not been killed. The second plant in the first series
was removed from the 0° C. chamber two weeks after having been
placed there. Pycnia appeared three days later. Some time aiter-
wards ammonia escaped from the cooling system and killed the
leaves; therefore, three of the six remmining plants wers removed
from the cold chamber 16 days after being placed therein, and the
remaining plants were removed 18 days later. There was no infec-
tion on the leaves that later unfolded on the first three plants, but &
pycnium appeared on a leaf spine and another on & petiole of one

$OrAGE, ] H. THE LHIERATION, OEUSINATION, SND VITALITY OF TIE A ECIOSIORESOF PUCCINIA G AMINIG,
{Unputdished thests, Univ, of Minn, 1925
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of the three plants last removed from the cold room and subsequently
kept at 20° C. In another set, nine barberry plants were exposed to
rusted Agropyron repens straw from Minneapolis, Minn. After re-
moval from the incubation chambers one plant was placed in the

reonhouse as a check and the others were placed in the 0° C. chamber,
being removed successively at the end of 9, 14, 21, 28, 35, 42, and 48
days. No infection was observed on the plants held 35, 42, or 49
days in the cold room; the leaves were killed and no infection ap-

eared on the leaves that unfolded later in the greenhouse. Pycnia,

owever, appeared on the plants that were he%d 9, 14, 21, and 28
days in 12, 7, 3, and 5 days, respectively, after being removed from
the 0° C. chamber,

To test the resistance of the mycelium further, four plants with
heavy pycnial infection on the leaves were used. On one plant, kept
in the greenhouse as a check, aecia appeared 13 days from the time
of removal from the ingubstion chamber. The other three plants
were placed in the 0° C. chamber and were removed successively
after the expiration of 8, 28, and 91 days. Aecia appeared on the
8-day and 28-day plants 10 days after their removal. The pyenia
on the plant exposed 81 days were dry when the plant was removed
from the cold chamber, but nectar reappeared 10 days later, followed
by the formation of aecia on 8 of the 16 infected leaves 20 days
after their removal from the chamber.

Eight other common barberry plants were incculated with felio-
spores of Puccinia graminis secalts from Chatfield, Minn., and sfter
pycenia had appeared they were placed in the 0° C. room, They
were removed 8, 14, 21, 28, 35, and 61 days later. Aecia appeared
on the plants held 8, 14, 21, 28, and 61 days, but not on the 35-day
plant. The pycnia on the plant exposed 61 days were dry when
removed but subsequently produced more nectar, and secia formed
normalty.

Thus it appears that barberries that have been infected may not
show any. visible sign of the presence of the rust for relatively long
periods of timo during cold weather, but pycnia may sppear when
‘conditions become favorable. In line with this evidence, an observa-
tion made in the field may be of interest. On May 3 pycnia were
observed on Berberis alesuthensis at University Farm, St. Paul, Minn.
Three days later pyenis slso appeared on B. vulgaris nesr by. The
weather then became cool. (gn May 23 secia had formed on B.
alesuthensis and were just appearing on B. wulgaris. It therefore
required 20 days for the appearance of secis, about four times as
Iong as usuelly is required under favorable conditions.

¥rom the data presented it would appear that in nature the rust
may infect barberries about the midgﬁa of April, produece pycnia
early in May, and develop aecia the latter part of the month under
the reterding influence of Yow tempersture. This also would indicate
that the teliospores are ready to germinate at the time of the first
spring raius and that the barberries may be infected even while in
the bud, although the infection may not become apparent for weeks
if low temperatures preveil. In the field, infections occasionally have
been observed on the leaf spines of escaped common barberries, indi-
-cati‘inl (tihat. sporidin were being produced even before the leaves
unfolded.
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EFFECT ©F LIGHT ON DEVELOPMENT OF AECIA

To determine whether light has any influence on the development
of accie, a number of barberrics were inoculated by means of a
shower of sporidia and placed on the greenhouse bench until pycnia
appesrred. The infecte(r barberries were placed under the following
eonditions of light: Constant light, constant darkness, and alternate
light and darkness. A dark chamber was improvised, consisting of &
metal cylinder sunk in the sand of the greenhouse bench and covered
by a pane of glass painted with a black, light-proof paint.

All the plants used were moderately or heavily covered with pyenia
at the time they were subjected to the various light conditions, and
date were taken on the first appearance of secia. These data are
given in Table 10, It would appear that light alone influences the
production of aecia very little, although Lambert (10) states that
“the development of aecial infection after penetration {of sporidia)
appeared to be favored by intense light.” While aecia usually
appenred first on plants kept constantly in the light, in some cases
they appenred equally early on those exposed to alternate light and
darkness, and in two cases they appeared first in total darkness. It
is thought, therefove, that light exercises only an indirect influence.
Plants kopt in the darkness became etiolated, and the infected leaves
were much distorted. Infection was far heevier on the petioles of
the barberry plants kept in darkness than on those kept in the light,
because the petioles did not become so tough in the dark as under
normal} conditions. These results corroborate those of Melander.*

TABLE 18.—Influence of light on development of aecia on Berberis vulgaris on which
pyenia had been produced after inoculalion with Puccinia graminds secalis

Time requited for formation of ascfa, Time reguired for formation of seols,
and degree of lnfection abd degree of Infection

Eeorlea Ho.

Alternate Alternate
Constont | Censtant tight and Cﬁnstaut Constant light snd

lghtt darknass darkness ght? darkuess darkness

Daye Days Dape TDaye Daye
G4+ ] 114 - 4 114+
- o &+ ] i 8+
104 94+ 114+ 0 R4

L o Huav?; +, mederate; 4+ —, light; 0, none,
*Cogstant Hght consisted of sunlight In the daytlme and the rays from s I,000-watt Mazds lamp sus-
pended 2 feet above tha plants at night.

CONDITIONS FOR LIBERATION OF AECIOSPORES

The potential réle of barberries in initiating rust epidemics de-
pends, of course, upsnt the time they become infected, the number of
spores produced on them, and the distance to which the aeciospores
sre disseminated from them. The liberation of the aeciospores is
prerequisite to their dissemination. It is known that they are for-
cibly ejected from the aecial cups, but the conditions under which
they are discharged are not precisely known. Craigie ¥ states:
“Moisture is necessary to induce rapid spore liberation. The great-
est activity takes place in a saturated atmosphere’” This being

1 Melnnder, I, W. Op, cit, (Sea foolnote 8.)
W Cpamig, 3, UL Opocit. (See footnole 8.)
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true, the circumstance favors the pathogene, because the spores will
be liberated most abundantly when the best condition for infection,
that is, a saturated atmosphere, prevails. The writer therefore made
observations to determine the conditions under which the aecia open
and discharge spores most readily. Fourteen aecial cups of various
ages were placed in a Petri dish, on the bottom of which was placed a
moist filter paper. Forty minutes later 2 of the aecial cups had
opened; 55 minutes later 3 had opened; 65 minutes from the time the
experiment was begun 5 of the aecia had opened; 2 hours and 20
minutes later 7 of the 14 had opened and 1 of the cups was discharg-
ing spores; and 5} hours later 10 of the 14 cups were open and 2 were
discharging spores. Nineteen hours later 11 of the 14 aecia were dis-
charging spores and the other 3 were open.

It was desirable that the age of the aecial cups be known, for aecio-
spores are capricious in germination and in viability. Aecial cups of
known ages were takun ﬁ'om two series of Berberis vulgaris plants in-
oculated with sporidia of Puccinia graminis secalis and placed in moist
chambers. Notes were taken on the time required for the aecial eups
to open and discharge spores. The results are given in Table 11.

TasLe 11.—Influence of age of accia on their opening and the subscguent discharge
of qeciospores tn a moist chamber !

Aecin Aecla
Hours Hours
f in : in
sﬁ‘;&g ‘;\‘ggi:;f Aecin | moist Dis- Sﬁf(‘fs ‘:Egi;" Aecin | moist Dise
" ehment- | Open- | charg- . cham- | Cpen- | charg-
her ing Ing her fng ing
SEHITES 3P0res
Payx |Number|Number| Number] Numher Dapy | Number|Nunber| NumberjNumber
is 5 k) 3 B I | I S ar & 3 13 2
18 i) i T4 H ] 8 & 8 1
bt d 7 K] 7 i ] 14 & 13 1
1 24 2 3 L 1] 2 32 13 ] 12 2
"""" s 4 3 14 1] T 33 E B 5 g
25 1 3 1 )] 7 4 8 4 ]
Kin 5] 3 th 1 38 # & 8 0
37 N 3 ty li]

! Aeclospores of Pageinda cramindy recalis only.
1 Cups crumbied without discharging spoms, excert as indieatad 1o lnst column.

Accia that were 24 and 25 days old failed to eJect aeciospores for-
cibly in the first series, while secia 15, 18, 22, and 36 days old did
violently discharge aeciospores in a moist chamber. Among those
that were 37 days old there were some from which the spores were
forcibly discharged and others from which they were not.

In the second series, aecia that were 37 and 39 days old failed to
discharge aeciospores, while necia 29, 30, 32, and 33 days old did
forcibly dischar%? seciospores in a moist chamber.

It is evident that the various secial cups from the same plant vary
in their ability to discharge aeciospores in & moist chamber, but in the
foregoing experiments some aecie discharged their spores 37 days
from the date of appearance of aecis on the barberries. Under natu-
ral conditions this circumstance would give the fungus a greater
chance to complete its life oycle by infecting grains or grasses. Under
fairly dry conditions the secia on the barberry leaves would remein
dormant, while under the moist conditions sometimes present the
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aecin would open and discharge the aeciospores, which then would
have a much better chance of infecting grains or grasses than if dis-
charged under dry conditions.

VIARBRILITY OF AECIOSPORES

In order to test the viability of aeciospores formed under green-
house conditions, Petkus rye was inoculated with aeciospores of
Puccinia graminis secalis from the living plants at various times after
their formation. Three different telial collections were used to pro-
duce the aecin. After the rye was inoculated with the neciospores it
was placed in the incubator for 48 hours, then removed and placed on
the greenhouse bench in a booth free from other sources of inoculum.
The results are given in Table 12,

TanLe 12.—Effect of age of aeciospores of Puccinia graminis secaliz on infection
of Petkus rye

Plants i Plants

Age of sociospares (days} | Age of seclospores {days)

. Inoeu-
Infected : tatod Infected

Nuwmnber Number | Number
18 . 25

No infection was obtained with aeciospores of the Rochester (Minn.)
collection, which were 74, 36, and 29 days old, respectively, at the
time they were used as inoculum, although other spores 29 and 46
duys old csused infection. The numbers of plants infected were 1 out
of 29 and 5 out of 48, respectively.

When the plants of Petkus vye and Little Club wheat were removed
from the incubators after inoculation with aeciospores, the hard,
horny aecial ecups had been transformed into a floceulent mass of
spores. Microscopic examination failed to disclose any germination
at this timo, and the spores floating on the swrface of distilled water
failed to germinate two days later. It seems that these aecia crum-
bled and did not discharge aeciospores. The aecial chains separated
from one another and finally broke up without germination of the
spores, This phenomenon has been observed in sccia v month old
or older and apparently is a sign of age in the aecia.

Uredinia were produced on 4 of 31 plants inoculated with 33-day-
old acciospores from Hennepin County collections. TFlecks appeared
on leaves of 9 other plants.

Using acciospores from an unknown source, infection was obtained
§, 20, 22, 28, and 29 days after the date of formation of the aeecia.
The numbers of plents infected were s follows: 150{31 with I fleclked,
3 of 25 with 1 flecked, 5 of 35 with 2 Hecked, 23 of 37 with 2 flecked, 7
of 30 with 2 flecked, and 6 of 25 with none flecked, respectively.

The neciospores in the foregoing experiments differed m their ability
to infeet Petkus rye, butb infection occurred on this susceptible host
with spores from aecin that wero 46 days old, Thus, the chances for
infection of grains or grasses are much greater than if the aeciosporves
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were relatively short-lived, in which ¢ase they might be liberated in
the spring at periods when no susceptible hosts were present and no
infection would occur. When the aeciospores are liberated and
remain viable for relatively long periods, their chances of falling on
susceptible hosts are much greater.

As stated previously, these experiments were made in the green-
house. Whether the results would have been the same under field
conditions is not known, but it seems logical to assume that in the
field the neciospores would not have lived so long, because, exposed to
rain and dew, they probably would have germinated more promptly.

PHYSIOLOGIC FORMS WITHIN A SINGLE AECIUM

Even if acciospores are suceessfully liberated from the aeciel cups
and disseminated, the question of their infective capacity still remains,
Barberries usunlly become infected from the near-by grains or grasses,
Obviously, if barberries are infected with a variety or physiologic
form of rust that will not attack the gramineons hosts near the bushes,
epiphytotics will not develop near them, and it may be assumed that
the source of the barberry infection wrs some distance away from the
infected barberries. It is therefore important to know which varieties
and physiclogic forms predominate on the barberry in order better
to understand the occurrence of rust in any year.

There is a possibility, of course, that hybridization may occur on
barberries. It secemed desirnble, therefore, to analyze the parasitic
capabilities of the spores within single aecial cups. For this purpose
telin on Red Sask wheat were used as the inoculum for susceptible
barberries, and the resulting saeciospores constituted the source of
all the cultures identified in this work. This telial material was
secured from Olaf S. Anmodt, formerly associate pathologist in the
Division of Cereal Crops and Diseases, Bureau of Plant Industry,
stationed at University Farm, St. Paul, Minn. He stated that the
materinl was the result of inoculation with nine known physiologic
forms of Puccinte graminis tritici, namely, forms 1, 18, 19, 21, 23, 29,
33, 36, 39, and with some unidentified material collected in the spring-
wheat region. Some physiologic forms, e. g., form 21, produce
telia rﬂpi(le on Red Sask, even In the greenhouse, so the wheat was
heavily rusted with telia. The rusted wheat was kept out of doors
exposed to the weather during the winter, but the teliospores were
found to be viable in April, when some of the barberry inoculations
were made. Two of the species, Berberis declinata oxyphylle and
B. canadensis, were heavily rusted. Two eultures of Little Cluh
wheat were inoculated with ncciospores from B. declinale oxyphylla,
and heavy infection occurred on the majority of the plants m both
cultures. One culture was given to M. N. Levine and J. M. Wallace
for identification. The writer identified the rust on plants in the
other culture. Levine and Wallace identified the rust given them as
a new form, P. gramvinis tritici form 51. The author found that the
collection he identified comprised a mixture of P. graminis tritici forms
18 and 33. In Wallace's collection there was evidence of form 18 also,
although it was not completely isolated and identificd. These col-
lections or strains were the result of inoculation with acciospores from
a number of accin.

Four pot cultures of Littlc Club wheat, one of Manchurian barley,
and one of Petlcus ryo were inoculated with spores from single aecia
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from B, canadensis. The cups were picked off with a pair of tweezers
and placed on the wetted leaf, one cup to aleaf. The six cultures were
incubated 48 hours in the usual manner, then placed on the greenhouse
bench. The amount of infection varied. In the case of culture No, 1
of Little Club wheat, 2 out of 21 leaves were infected ; culture No. 2, 4
out of 19; culture No. 3, 4 out of 15; and culture No. 4, 5 out of 22.
Ons flecked plant was noted in No. 1, 3 flecked plants in No. 3, and 2
flecked plants in No. 4. Of the barley plants, 2 out of 21 were suscep-
tible, while 1 was flecked. None of the Petlus leaves proved suscep-
tible, although two of the leaves were flecked.

The rust on each of the susceptible leaves was treated as an individ-
ual strain, and an effort was made to inoculate a susceptible host from
each loaf, then isolate the culture of rusted plants and identify this
rust as a separate unit. The results are given in Table 13. Because
of the press of work, not all of the strains were kept in culture. Con-
sequently, only 10 of 17 possible strains were identified. From these
10 strains, five physiologic forms of Puccinia graminis tritiei, with a
possible sixth, were isofated, in which the technic of Stakman and
Levine was followed (16).

Study of the data obtained reveals the fact that forms 18 and 35
were found associated in the rust strains five times, forms 21 and 33
occurred together four times, forms 18 and 33 twice, forms 21 and
35 three times, and forms 34 and 35 once. Forms 34, 36, 51, and 52
appeared but once during the course of the investigation, form 51
appearing in the multisorous culture identified by Wallace and Levine,
and forms 34, 36, and 52 appearing in the single-cup cultures identi-
fied by the author. Form 51 was not known before it was identified
by Wallace and Levine in the mass-aecial culture. Form 52 was
identified twice in 1928 from field collections, one of which was from
northern Minnesota, and it was also in culture at St. Paul in another
greenhouse at the time it was identified, so the possibility of its hav-
Ing been a contamination can not be dismissed entirely.

TABLE 13.—Physiologic jorms of Puccinia graminis tritici isolated from Berberis
spp., inoculaled with teliospores produced on Red Sask wheat grown at University
arm, St. Paul, Minn., 1926

Number of tlmes physialogie forms |odieated
weore isolatad
Source of cultine Aecial host

35

- B. declinata oxy-
Mony sorf.. «ooeenn| S ORE ¥

Single cup B, canadensis

! LC=Little Club wheat; DeOderbeneker barley. Numbers refer to primary host; lotters following
munnters refer to vst strain from each host,

! Identity not definitely vatablished,

# Identity of oll but 1 of the enliures doubttul,

+ Tentity af 1 of the enltures doubtful.
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The experiment indicates that when the telia used for inoculating
barberry contain more than one form it is improbable that only one
form can be sccured by using single aceial cups. To be sure of having
only one form present in the culture, it would be necessary to use only
single chains of aeclospores, or better still, single aeciospores from &
single accial cup. The results obtained suggest the ‘possibility that
forms 51 and 52, and perhaps form 34, originated through hybridiza-
tion on the barberry.  As some of the collections of uredinia used in
inoculating the Red Sask wheat had not been identified before Aamodt
used them, the possibility can not be excluded that forms 34, 51, and
52 may have been present in the field and passed through the barberry
unchanged. However, form 51 has never been identified before or
since, so it seems strongly probable thet it was the result of hybridiza-
tion. The presence of two or more forms in the strains from single
aecinl cups indicates that the aecia are not the product of the fusion
of the hyphae of a single form at the base of the aecium. If two or
more physiologic forms make up or form a single aecium, then, theoreti-
cally, there is almost no limit to the number of physiclogic forms of
stem rust that may be identified in the progeny of a single aecium.

In the rust forms identified from these various cultures not more
than two physiologic forms usually were present. In one culture,
LC-4c, forms 18, 21, 33, and 35 were definitely identified. In this
culture, supposedly derived from a single aecium, four different

hysiologic forms were present. When several forms are obtainable
})rom a single necium it is most probable that hybridization will some-
times occur and possibly evolve new forms, or yield forms already
known. This may have been the explanation of the appearance of
forms 34, 51, and 52. Form 51, new, differs from form 33 only in its
reaction to Vernal emmer of the differential hosts. Vernal 1s sus-
ceptible to form 51 and highly resistant to form 33. Form 52 differs
from another of the identified forms, form 18, on but 2 of the 12
differentinls. Kubanka shows an X-type reaction to form 52, and
Vernal is susceptible; Kubanka is susceptible to form 18 and Vernal
is highly resistant. Both these forms may have originated as the result
of a slight change in the chromosomal arrangement of the cells, ons
form acquiring the ability to attack Vernal emmer, the other having
two factors altered, enabling the pathogene to attack Vernal and pro-
duce an indeterminate reaction on Kubanka. It is possible that this
indeterminate reaction on Kubanka or some other bost is the result of
a heterozygous condition of the rust. Inoculating barberry with
telia of such a heterozygous rust might break up the rust into two
forms, one of which would be able to attack Kubanka severely, the
other unable to produce more than a light infection on the same host.

Of the known physiologic forms of Puceinia graminis tritici, used to
inoculate Red Sask wheat during the summer and fall, only four were
isolated the following spring. These were forms 18, 21, 33, and 36.
Those not identified in the summer and found in the spring were
forms 34, 35, 51, and 52. However, it should be remembered that
some unidentified materiazl also was used in inoculating the Red
Sask wheat, so tho possibility of their presence in the unknown
material can not be excluded.
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DISCUSSION

It is evident from the foregoing experiments and observations that
most of the species of Berberis tested are suscepiible to Puceinia
graminis. Susceptible species in general resemble Berberis vulgaris
morphologically; those that did net rust resemble B. thunbergii.
This also was true of the limited number of progeny of B. vulgaris X B.
thunbergii that were tested.

The infection produced on barberries depends upon & mumber of
factors: Age of teliospores, length of incubation period, temperature,
ago of barberry leaves, and moisture available for germination of
teliospores. Teliosgores a year or more old produced fewer sporidia
than those collected in early spring, as judged by the barberry infec-
tions. Teliospores kept cool and dry retained their ability to infect
barberry for a year and a half; when exposed to natural conditions
the spores lost their viability within o few weeks. Teliospores wetted
continuously for 11 days germinated and the resultant sporidia in-
focted the barberry plents. This is significant in nature because teli-
ospores often are exposed to rains before the barberry leanves have
unfolded, and if all of them germinated promptly at such times the
amount of effective inoculum would be greatly reduced. Barberries
may be infected by viable sporidia from teliospores at any time during
sn 1i-day period of rainy weather, provided the temperature is
favorable, for there may be & constant discharge of spondia during
this period. The telial material retains its infective power for some
time, even when exposed to continuous moisture, and may retain it
longer under conditions of intermittent rain.

he minimum length of time necessary for infection of barberries,
including germination of the teliospores, formation and liberation of
the sporidia, and the entrance of the sporidial germ tubes info the
plants, was 41 hours when the teliospores were removed from the
straw befors inoculation and 21 hours when the plants were inocu-
lated with heavily rusted straw. Plants exposed five hours to a shower
of sporidia in an incubator became infected. The length of time
required for infection, as well as the severity of infection, depends on
8 number of factors, the prineipal ones of which are moisture and
temperature. It was found that teliospores do mot germinsate, pro-
duce sporidia, and cause infection readily at termaperatures higher than
26° C, The optimum temperature for the entire process required for
infection of barberries is fairly low, lying between 12° and 21°.
After infection once occurs, temperature again is important in deter-
mining the length of the incubation period. Aecia are produced most
rapidly at temperatures ranging between 20° and 30°, and the incu-
bation period may be lengthened from 3 days at 31° C. to 15 days at
8°, Moisture has very little effect on the degree of infection, and sun-
light in the greenhouse apparently has only an indirect effect. It
robably is important prineipally in the hardening of the leaf tissues.
ff there is abundant light, the tissues are likely to harden rather
rapidly and the peried of their susceptibility is shortened. When,
on the other hand, there is relatively little light, the tissues remain
more delicate and the period of susceptibility 1s lengthened, as in the
case of the petioles of barberry leaves kept in constant darkness.

Leaves, young stems, spines, petioles, peduncles, sepals, and berries

may become infected. The impression has been general that leaves
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retain their susceptibility only a few days. If this were true, it would
be necessary that conditions for infection be favorable when barberry
leaves first unfold in the spring. It bas been found, however, that
leaves of Berberis vulgaris may remain susceptible 16 days aiter the
buds unfold. Leaves of B. gefnensis may remsin susceptible for 12
days; actually this period probably is longer than that for B. vulgaris,
as there were indications that leaves of B. gelnensis were not becoming
resistant with increase in age as was the case with B. vulgaris. This
period of susceptibility during which infection may occur if environ-
mental conditions are favorable iz fairly long.

Barberrics often become infected quite eetly in the spring and may
thersfore encounter freszing temperatures. If such temperatures were
more harmful to the rust than to the barberry tissues, the amount of

otential inoculum produced on barberries would be greatly reduced
In the spring. It was found, however, that freezing kills the tissues
of the host plant before it kills the rust fungus. Barberries with a
moderate developiment of pycnia on the leaves wore kept 91 deys at a
temperature of 0° C., but when they wers again placed on the green-
house bench the fungus was able to produce normal aecia. It is
therefore apparent that the rust on the barberry can withstand tem-
peratures as low as those endured by its host. :

After aecia nre once formed in nature there often are periods of dry
weather. During these periods the aecia may remain capable of dis-
charging viable spores for 37 days after the appearance of the secia on
the plents. This means, then, that the secia may remain dormant
on fairly dry leaves and resume sctivity when the sir becomes moist
enough to cnable the secial cups to open and discharge spores. As
the acciospores are discharged only under moist conditions and ger-
‘minate only in a moist atmosphere, the rust fungus can withstand
unfavorable conditions for some time in the aecial stage. Under
greenhouse conditions the aeciospores remained viable as long as 46

ays after the date of their appearance on plants of Berberis vulgaris.

The results show thet the secial stage of Puceinia graminis 1s {airly
well adapted to withstand the variable weather conditions so likely
to occur in the barberry-eradication area in the spring. There are &
fairly long time and a wide range of envivonmental conditions under
which the aecial stage may develop, discharge spores, and cause infec-
tion on grains and grasses.

The recent discovery of heterothallism by Craigie (4) has strength-
ened the belief that hybridization between rust forms may occur on
the barberry. The writer’s results with cultures of Puccinee graminis
tritici from single leaves inoculated with individual aecial cups indicate
that in telial collections containing more than one physiologic form
there is a possibility of new combinations of the known forms. As
many as four physiologic forms were isolated from one culture. If
four different physiologic forms can be isolated from a culture it is
highly probable that at some time some of the physiologic forms in
the collection may fuse to form entirely new combinations or physio-
logic forms. In this work one such form, form 51, was obtained, and
another, form 52, was isolated, although form 52 was found in the
field the year following the collection of the telia. Form 51 never
has been described, so it is very probable that this form originated on
the barberry through hybridization of other forms.



http:necessn.ry

36  TECHNICAL BULLETIN 314, U. 5. DEPT. OF AGRICULTURE

The work of Newton, Johnsor, and Brown (14} and Stakman,
Levine, and Cotter (17) on hybridization in Puceinia graminis
involved making many cultures from single aecia. From conversa-
tion with Newton it appears that individual unopened aecia were
used, and very rarely did more than one physiologic form appear
in any one culture. In the writer’s results it was unusual to find but
& single physiologic form present. This obvious discrepancy in the
results may perheps be explained by the fact that in the writer's
experiments st least nine known hysiologic forms, and probably
more, were present in the telial collection used to inoculate the bar-
berries from which the uredinial cultures were derived. In the experi-
ments of Newton et al, only one or two forms were present in their
telial material.

SUMMARY

A study was made of the factors affecting the development of the
aecial stage of Puccinia graminis.

A list of susceptible and immune species and varieties of Berberis,
a8 determined by the writer and others, is given.

In individuals from a Berberis vulgaris X B. thunbergii cross there
seemed to be a correlation between the morphologic characters of
B. vulgaris and susceptibility to P. greminis.

Teliospores of P. graminis may remain viable at least a year and a
half when kept dry and at a temperature near the freezing point.

Teliospores of P. graminis do not germinate and produce sporidia
at t?mperaturas higher than 26° C., or if they do, they do so very
rarely.

Barberries may become infected when exposed to teliospores that
have been wettet{ for 264 hours, or 11 days. '

Temperatures ranging from 12° to 21° C. ure the most favorable
for the germination of teliospores, infection of barber bushes, and
production of aecia. Freezing infected barberries killed the host
plant before it killed the rust.

Light and moisture had no decided effect on the production of
pfrcnla. or aecia, although there was some evidence that the ahsence
ol light may incresse and prolong the susceptibility of barberry leaves
because the tissues remain succulent.

The minimum length of time necessary for barberry infection by
teliospores was 21 hours, although infection occurred after o 5-hour
period of exposure to a shower of sporidia in a moist chamber.

On Berberis vulgaris, infection may occur on the leaves, stems,
spines, petioles, sepals, or berries.

Leaves of B. vulgaris 16 days old were susceptible to the attack of
P. graminis. '

Aecia of P. graminis may discharge aeciospores 37 days after the
appearance of the aecia, and the aeciospores may infect rye 46 days
after the appearance of the aecia on the barberry leaves.

Two physiologic forms of P. graminis tritici were isolated from a
number of uredinial cultures produced b single aecial cups, although
the forms found were not the same in aH cultures. In one case four

ph_ysioloFic forms were identified from such a culture. The telia used

to moculate the barberries contained nine or more physiologic forms.
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