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INTRODUCTION 

The aecial stage of Puccinia, graminis Pers. on barberry furnishes 
8. tremendous amount of primary inoculum for infecting the grain­
fields of the upper Mississippi Va.lley. It has been shown clearly 
tha.t very destructive local epiphytoticsand widespread regional 
epiphytotics result from aeciospores disseJdnil.t.ed from barberries. 
For this reason 0. barberry-eradication campaign was begun in 1918 
by the United States Department of Agriculture ;n cooperation with 
the following States: Colorado, Illinois, Indiana, Iowa, Michigan, 
Minnesota, Montana, Nebraska, North Dakota, Ohio, South Dakota., 
Wisconsin, and Wyoming. 

I Presented to the faculty oC the graduate school of the University oC Minnesota as a thesis In partial
fulfillment of the requirements Cor the degree oC doctor of philosophy. Cooperative l11vestlgat!ons between 
the DiviSion oC Cereal Crops and Diseases, Bureau of Plant Industry, U. S. Depart:nent of Agriculture,
and tha Agricultural Experiment Station oC tbe University oC Minnesota. 

I Since July I, 1\130, with the Division of Bnrberry EradlMtion, Bureau oC Plant In(lustry. Acknowledg­
ment Is made to E. C. Stakman and 1. 1. Christenson fo.r helpful suggestions dur.c1lg the progress oC this 
work, and to M • .N. Levine for valuable suggestions in the prept\r&tion at the tables and in verlCylng the 
IdentUlcation oC mnuy of the phYSiologic forms 01 Puccinia g.-<:manb trifid obtained from aeciospores. The 
writer Is indebted to A. H. Blakeslee, oC tho Carnegie Institute ::.r Experimental Evolution, tor the Ber­
btrla wlaari! atropurpurea paront and the hyhrids between B. thunberaii Bnd B. uulqaria alropurpurea . 
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From 1918 to 1927, in'clusivo, approximately 16,000,000 bushes, 
spro ' .. j and seedlings were found and destroyed in these States.s 

In 1927, 10 years after the campaign started, 1,6G8,554 bushes, 
sprouts, and seedlings were found. During May and June of each 
year a large proportion of the remaining bushes were rusted. One 
heavily rusted barberry bush may bear about 70,000,000,000 aecj!j­
spores at one time (18).4 . 

In determining the potential destructiveness of the rust produced 
on these bushes it is necessary to take into consideration the suscepti­
ble and resistant varil:'ties of Berberis and Mahonia, the factors 
affecting infection of the bushes, subsequent development of the rust, 
the amount of inoculum produced under certain conrlitions, 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, th6refore, is extremely important from the 
standpoint of ascertaining the factors affecting its role in initiating 
rust epiphytotics. 

Barberries, however, probably serve not on,ly as a source of inoc­
ulum but also as a breeding ground for new parBsitic strains or 
physiologic forms. It has been known for some time that the sexual 
process of the ttlSts initiates the aecial stage of the life cycle. It 
seems entirely probable, therefore, that different varieties and physio­
logic. forms may hybl'idize on the barberry and produce n.ew parasitic 
entities. Color is lent to this supposition by CraWie's (4-) recent 
demonstration that Puccinia graminis is heterothallic. The fusion 
of two strains of opposite sex is prerequisite to the formation of 
aecia; hence it seems a foregone conclusion that dikaryophytes with 
new parasitic capabilities probably are produced on barberries. The 
work done by Allen (1) and Hanna (8) along these lines had not bee:il 
published when the writer was preparing manuscript for this publica­
tion. Waterhouse (19), Newton, Johnson, and Brown (14), and 
Stakman, Levine, and Cotter (17) have adduced recent evidence to 
show that new physiologic forms of P. graminis tritici have been 
a'rtificially 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 investigata this 
phase of the problem also. For these !easons the writer undertook a 
comprehensive investigation of the factors affecting the development 
of the aecial stp.ge of P. graminis. 

HISTORICAL REViEW 

The relationship between the common barberry and stem rust was 
suspected as early as the seventeenth century, or possibly even earlier. 
It is said that a law requiring the eradication of the bush was passed 
in Rouen; France, in 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 th~ ninteenth that definite experiments 
were made to determine the exact relationship between barberries 

! HUTTON, L. D .. Rnd BARINGER, J. W. ANNUAL REPoR~ OF THE BARBERRY ERADICATION CAMPAIGN, 
1921, WITH SUlUIARIZED RESULTS FOR 1918-1927, INCLUSIVE. U. S. Dept. Agr., Bur. PlantIndus., Off. Cereal 
Crops and Diseases Mimeographed Pamphlet. 31 p., iUus. February, 1928. 

• !talle numbers in parentheses refer to Literature Cited, p. 37. 
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and rust. Accordir,..; to Cobb (3), Joseph Banks suggested in 1805 
the possibility that the rust on barberry and the rust on wheat 
belonged to the same species. In the period from 1807 to 1816, 
Schoeler, according to Freeman and Johnson (7), planted small 
grains 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 crude but effective inoculations by rubbing rusted bar-­
berry leaves on rye plants moist with dew. Schoelel.' marked the 
piants and about five days later observed that they were heavily 
rusted, whereas those elsewhere in the field were free from rust. 
According to Freeman and Johnson (7), in 1818 a German farmer 
~athel'ed the dust that fell from the cups on barberry leaves and took 
It to a far distant rye field where there 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 el"lewhere 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, Puc­
cinia, was demonstrated by Tulasne (7). He showed also that the 
teliospores would not germinate until the spring following the fall 
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 aeciospores. De Bary's results have been repeated and confirmed 
so often that there; is no question as to the genetic relationship of the 
rust on the barberry and that on grains and grasses. De Bary's dis­
covery immediately stimulated more detailed observations regarding 
the responsibility of barberries in initiating epiphytotics of stem rust. 

In 1918 an extensive barberry-eradication campaign wo.s under­
taken in the 13 grain-growing States in the upper Mississippi Valley 
in the United States. This activity immediately created a demand for 
information regarding the susceptibility of different species and 
varietie.s of Berberis and for detailed information on the factors affect­
ing th,,' development of the aecial stage in ~eneral. Stakman and 
Levine compiled in 1923 6 .~ list of susceptible and resistant bar­
berries, and this was followed by supplementary lists by Melander 
lmd by Melander and Lambert in 1923 and 1924.6 

The writer began a detailed study of the susceptibility of various 
species and varieties of barberry in 1925. Further facts regarding the 
historical development and Imowledge concerning the aecial stage of 
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 campaign 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 come in from time to time concerning 
the susceptibility of certain species, but unfortunately no information 
was available regarding many species grown in botanical gardens, 
arboreta, privJtte estates, and parks. The publication by Stakman 

"STAKIdAN, E. c., nnd LEnNE, M. N. A PARTlAL REPORT ON THE SUSCEI'TIBILlTY AND RESISTANCE OF 
BERB~RI3 ANO REI..\TEO G~:NER,\ TO STEll' RUST. Cereal Courier [Office of Ceresl Crops nnd Diseases! 
16(24): 27&-287. Sept. 30, 1923. [Mimeo.,.npheu.! 

• MELA:mEu, L. W. STUDIES 01' THE UEI.ATION OF BERBERIS SPECIES TO PUCCINIA GRAMINIS PER!'. 
[Unpublished thesis, University of MinnesotR. 1924.] 
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and Levine in 1923 7 of a list of SUscQ,ptible 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 destruction by the workers in the bar­
berry-eradication campaign because the question of their susceptibility 
to rust had not been settled. These plants were in some cases a 
potential menace too grainfields, for it was possible that the barberries 
might rust shortly after the visit of the barberry field men and might 
bro,adcast inoc'iilum over the grainfields before it was found that the 
plants of that particular species rusted and should be removed. To 
procure information on this subject, the writer undertook a green­
house inoculation study of as many species, varieties, 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 a loop needle. The 
p~t\,nts were then kept 48 hours in a mojst 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 inoculated. The incubation period with this method was usually 
72 hours, although it was reduced to 24 hours with good results when 
the telia 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 to avoid solar injury to the tender tissues. Pycnia usually 
appeared about the fifth or SL'{th day. 

The rust varieties used in the experimental work were Puccinia 
graminis tritici (Pers.) Eriks. and Henn. and P. graminis secalis (Pers.) 
Eriks. and Henn. Five 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, Md., by B. Y. Morrison, of 
the Bureau of Plant Industry, United States Department of Agricul­
ture. A smaller number was obtained from Highland Park, Roches­
ter, N. Y., and others c,ame from unknown sources. The common 
barberries used as checks in mOst of the experiments were supplied by 
L. W. Melander, in charge of barberry eradication in Minnesota. 

The degree of infection was necessarily based on the individual 
barberry leaf, as there were not always large numbers of young leaves 
on the plants when inoculations were made. When only a single 
pycnium occurred on a leaf the infection was designated as very light; 
when there were 2 to 4 on a single leaf it was designated as light; 5 to 
10 pycnia on an individual leaf indicated moderate infection; if the 
pycnia exceeded 10 in number the infection was designated as heavy; 
and when pycnia on a leaf were numerous and nearly confluent the 
infection was considered very heavy. Although not perfect, this 
scale has been found to satisfy the requirements of the work. 

EXPERIMENTAL RESULTS 
SUSCEPTIBLE AND RESISTANT VARIETIES OF BERBERIS 

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

7 STARMAN, E, C .• and LEYINE. M. N. Op. cit. (See footnote 5.) 

"... 
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T ABLE I.-Species and varieties of Berberis known to be susceptible to Ptlccinia 
gramim:s, ':IS compiled by Stakman and Levine, Melander, Melander and Lambert, 
and Cot.er I 

STAKMAN AND LEVINE, 1023 

Source of information 

Original observa· 
tlons Degree of infec·No. Host tion 

Literature references , 
Artificial INatural 
inocula· infection 

tlon In field 

1 Berberis nctnensis PresL. ••••• •••••. ••.•• •••.. . •••••..•. Saccardo; Sydow •..••• 
2 B. alesuthensis Hort................. .....•.••. + ....................... . 

3 B. nltalcn l'alL..•.•.•......•.••.••••·•..•..•.•. .•....•••• Sacc>itdo; Klebahn •••• 
4 B.nmurensls HujJr.................. + + Saccardo; Sydow;Jac­ Normal. 


zewskl; Klebahn. 

5 B. angulosa 'Vnll.............................. 
 +
6 B. aristatn DO...................... + 'Boiley';'j{iebaiiii;'Sa;;'
+ cardo; Sydow. 


7 B. n.u!il~':[\~~:b~~:!~~=====:::::::== ========== ========== ~~J~~..~~~.::~~~~~. 

8 ll. ntropurpurea 'RegeL............. .......... + Klebahn.............. 

9 B. brachybotrys O. Gay................................. Saccardo.............. 


(ll. hrnchybotrydis O. Gay)..... .......... .......... Sydow................ 

10 ll. brets.chnelderi nehd..............I.......... + I........................ 

11 D. br~\'lpnnlcuiata O. Schneid....... + .........'1'..................... .. Moderate. 

12 ll. buxlfolil\ Lam ..................." .................: .. Sydow................ 

13 B. canadensis MilL.................. + + Bolley; Klebahn; Sac· Heavy.


cardo; Sydow. 
(ll. caroliniana Loud.) ..................... Saccardo; S:"dow ......
+
(ll. flscheri Hort.) ......................... Saccardo..............
+ll.roryi Veitch (D. wllsonaesubcaul· 

lalata Schn.). + .................................. 

15 n. crataegina DO.................... .......... + ........................ 

~~ ~: a~~\\~a~·Sciilii(C:===============c:======= ....::.... 'Arthur:=============== 

18 D.decllnataoxyphylla O. Schneid.... .......... + ........................ 

~ l ~1~ro~hn:lI~~~~'::cii=============== =1= ========== ======================== Mo~~te. 

21 n. durobrlv~nsis O. Schneid......... + .................................. 

22 n. emarginata Wllld................. .......... + Bolley................. 


(ll. vulgaris emarginata Oord.) .............................................. 

23 ll. emarginata britzensls O. Schneid............. + ....................... . 

24 B. fendieri ..... oray..................:.......... + Arthur................ 

25 n. fremontli Torr....................".......... + ................ · ...... ·1 Ms~~t~~~~ly reo 


26 n. fuchsloides HorL................. j.......... + ........................ 

27 n. hnematocllrpa Wooto!!.............!'......... + ....................... . 

28 ll. hetcropoda Schrenk.......................... + Jarzewski; Sydow ... . 

26 n. ilIcifolia Forst ...................) + + Klebahn; Sydow ...... 

30 n.lntcgerrima nunge................:.................... JaczewskL............ 

31 n. InxInora Schrnd ...................'.......... + ........................ 

32 n. leichlinii Hort....................1 + + ........................ Heavy.

33 n. luclda Schrad...................... + .................................. 
~~ l :;;~~~~~~;Jr~eHori~~=============t=:~=:==== ========== ~~~~.~~============== 
36 n. mechanii O. Schneid __ .....__....' __..__ .... + ...................__ ._. 

37 n. ncpaiensis (DO) Spreng ..........:.................... nutler and Hayman; 
. I Klchahn; Sydow.
38 n. ncuberth Lem ......... __ ..,__ ............... + nolley; Klebahn; 


39 .n. oblonga O. Schneid.__......____...I..________ + ...~~:~~~~~~~~~~:... 
40 D. provincinlisserrnta O. Schneid..__• + .__....................__ ......... Moderately re­


sistant. 

!i R: ~:~~Ii~~~ il~ni~c~=========:======jl----::........+.... ======================== 
Do. 

(ll. amurensisjaponica Rehd.)... .......... + ...__.....__ ...____ .... . 

(ll. vulgarisJl\ponicn Regel) ...__.........._ + ....__ .__...________ ..__ 


43 D. siblrica l'aIL .....................I' __ ........ + Arthur; Jaczewski;

Saccardo; Sydow. 

44 n. sieboldii Miq.._..__. __ ........... + + Kicbchn ______....__ .. Heavy.

45 n. sinensis Des!. (13. chinensls Polr.). ____ ._. __. + Arthur; Sydow. 

:~ K~~atic~~W~I~iasg~~~gneid~:=======I__..::._.. :\= ======================== 
I A plus mark (+) in the column entitled" Artificial inoculation" indicates that when greenhouse inoc· 

ulations on that particular species were made, infection occurred, the variety of inoculum used being 
unknown unless otherwise stated. A plus mark in the column entitled "Natural infection in field" 
IndiClltes thllt plants found growing In the field, in arboreta, or in gardens were found naturally Infected. 
A bhmk indicates that no Inoculations were made on that particular speCies. 

I Citations in list of Slakman and Levine. (See footnote 5.) 
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TABLE 1.-Species and varieties of Berberis known to be susceptible to Puccinia 
graminis, as compiled by Stakman and Levine, Melander, Melander and Lambert, 
and Colter--Contillued 

STAKMAN AND LEVINE, 1923-Continued 

Source of Information 

Original observa· 
tlons Degree of infec· No. Host tion 

Literature references 
Artlflclal Natural 
Inocula· infection 

tlon In fleld 

48 n. swasey I DucIeJ.................... + Arthur•••••••••••••••• 

49 D. thlbetlca C. Schneid.... ••••••••.. + .......... , ....................... . 

50 D. trtrollolata Morlc .•_.............. + ._........ Arthur••••.•..•.•••••• Moderately reo 

slstant. 
61 n. umbellata WalL.•••••••••.•••••••••••.•••.•••••••.•••1 Dutler and Hayman•• 
52 D. vulgaris L........................ + + Arthur; Bolley; Dutler 


and Hayman; Jac· 

zewskl; Kleb:lhn; 

Saccardo; Sydow. 


63 n. vulgaris alba Weston............. .••••••••• + ....................... . 

M n. vulgaris asperma Don............ •••••••••• + ....................... . 

66 D. vulgaris ntropurpurea Rega!. ••_.. .••••••••• + ....................... . 

66 D. vulgnrls fructovlolacea Hort...... ..•••••••• + ....................... . 

67 n. vulgaris lutea DDn•.•..••••••••.•• _......... + ....._................. . 

68 n. vulgarismacrocarpa Jaeger ••••••••.•_••••__ + ................... _ .._. 

59 B. vu.lgarls mitis Hort._•••••_••••••••._••••_•••_••.••••• Sydow••••.•• ____ ._••_ 

60 n. vulgaris nigra Don•••.__••••••••••• __ .•_... + 

61 D. vulgaris purpurea Hort._•••••••••••..•••__ • + 

ft2 D. vulgaris sangulnolenta Hort. ••••• __ ._._.... + 

63 n. vulgaris spathulata Oord. (D. •• __ .•__ •• + 


chlnensls Polr.). 

M n. vulgaris sulcata Hort.••_......... + + ..._......_. ______..... . Moderate. 

ft6 n. vulgaris vlolacca WiUd ••••••••••__••_...... + ...._......_._......... . 

ft6 n. aquifolium Pursb..•.•.•_......... + .._....... Jaczewski; Sydow. ____ Somewhat reo 

slstant. 
87 n. diverslfolia (Sweet) Steud••..••••••••.__•••••••___••• 'Artiiiir:::::::::::=:::: 
es B. glauca••••.•.•_••••••••.•••_._•••••_.__._•••••••____ •• Arthur; Sydow•••••_. 

MELANDER AND LAMBERT, 1923 

1 n. coryl Veitch_ ••_••••••_•••••_••••_ +, 

2 D.. haematocarpil Wooton •••.••• __ .•• 
 +
3 B. luclda Schrud •••••••••••_••••.•••• +4 D. swaseyl Buck!. .•.••••••.•_••.•.•• +
5 n. thlbetlca C. Schneld •••••••.•••_•• + 

MELANDER, 1924 

1 In. chlnensis Poir· ••_•••••••••••_._·_1 ·--.-...··1·-··.-....----.-.-.-·-··1~ lB. korenna.PaUb_ .•••.- •••••••••••••• t ----- .. ---- --------------------- ... -­
3 n. vanfleet:1 C. Schneid •••••••••.••• + ----- .. ---- ----------- .. --- ..-------­1 

COTTER, 1925-1931 

1 In. acuminlltn Franch•••••••••••••••• + Heavy, 
2 n. nemulnns C. Schneid_•••••_••_••• Pycnia.+3 n. aetnensls PresL_. __ ..•••••••••••_ Heavy.
41 B. nggregatn C, Schneld __•••_••••••. + Moderate.


+ 
5 B. nggregatn prattll C. Schneid .••••• Pycnia only.+
6 n. aiesuthensis HorL .•••_•••••••••• +, .._+,--_.. ::==:::::::::::::::=:::: Heavy. 
7 n. nmurensis japonlcn Rehd. (B. +, +, ......._..__....._..... . Light.


regelilmn Koehne). 

8 ! n. nrvonsis Hort.•.•••••••••••_.•.•._ + Heavy.
9 ; n. asintlca Roxb .••••••••.•• __._•._•• +, :::::::::= 'Sydow:::::::::::::::: Heavy; pycnia

only. 
10 in. r.trocnrpa C. Schneid •••_•••••••_. + •..•_••_.••.••••__ .•••___ ••••••_.. Heavy. 
11 : D. bergmnnniae C. Schneld: ..••••••__ •._•.•••••••..•.•••••••••••••.••.•, Moderate; pya­+ 
12! B. brnchypoda Maxim .•••.•••.•._•• _•••••••••'---•••••••••_... •.•••••• M~i3e~~I~·+ 

'.From this point on, secsUs wn.q used as inocuhlm unless otherwise shown. 

·J.'irst recorded nrtificial infection, although naturnllnfection was noted previously, 

First observed by Stnkman anti Levine. 


, 'rhe vnriety of inocululll use!! was trltlci. 

I 



7 DEVELOPMENT OF AECIAL B'rAGE OF PUCCINIA GRAMINIB 

T ABLE I.-Species and varieties of Berberis known to be susceptible to Puccinia. 
graminis, as compiled by Stakman and Levine, A{elander, Melander and Lambel·t, 
and Cotter--Continu~d 

OOT'l'ER, 102rr-1931-00ntinued 

Source ollnlormatloo 

Orlgln,,1 obscrva· I 
tioos Degree ollnlee·No. Host ...-___ .. 1 tiOIl 

Literature references 
Artificllll Naturai 
Inocula· Inloctlon 

tion In field 
- ----~--------I-------·------I-----

13 n. calilornica JeI1800••••••.•..••••••• Light; pycnla
only.


14 D. crntaeglnll DC•••.••••••••••..•.•• Moderate. 


+ 
+, ....~:..'I::~:::~~~: ::~::::::::::: 

16 n. ((eclioata ()xyphylla O. Schneid ••• +, Heavy• 
HI 1J. dlelslson Fedde ••••••••••••••••••• ..-.~~... :::::::::::::::::::::::: Light.
17 :no dulcl8 000" HorL •••.•••••••.•••• t pycnla; \lgbt.
18 11. emurgloata Wllld ••••••••••••.••.. +, ····+i···'·D"iiiiY"iiii,IPrli'chBrd·: Heavy.
10 11. emnrglnnta hrltzensls C. Schoele!.1 +, +, Do. 
20 B. leodlerl A. Gray•••••••••.•••••••• +, +, ';Gi'hur;'iiiirrcii'iiiicj' Mocierate. 

Lungren.+, +, ........................ . I,lght.
~~ n: ~~:~~~~:I!r~~I~Bndi-6:-8cilnei(i::: + lloavy.
23 D. luchsloldcs HorL................ . +, ····+i·.. :::::::::::::::::::::::: Do.
r5 11. gl\gnept~lnl C. Schneid ............ + Pycnln; \lght. 


13. gilglunn Fedde .................... Very light. 
+
26 n. hotnropG<l" Schrenk.............. +, Moderate. 

27 D. hellrynna C. Schneid........... .. Light.
+
2S B. hooker I Lem ...................... Do.
+
20 .n. hyhrldn sorrnta Hort............. Hoavy.

30 B. Jnponlcn Spreng. (11. boalol Fort.). t Light.

31 D. knightlillort.· (wn11lchlann var. Do.
+InUloUs) (H. xnnthoxylon LJ'nssk.). 

32 D. kochnennn Schneid ............... Moderate. 

~ .B. levis C. Schneid. (Boll 149) ,...... t' Light.


B. Iyclum Uoyle ..................... '''(i;iof'' :::::::::::::::::::::::: Moderate.
+:15 H. rueehnnll C. Schneld~ ............ +, ..............._...-.... Do.
+
36 B. llIorrlsonensls Hayntll ............ Light.

37 D. notabilis C. Schneid .............. Hoavy.

38 B. noubertIlHort.................... 

+t, Very beavy. 

39 n. nevlnllA. Gray (Mahonla nevlnll Heavy.+Fedde).

40 B. oblonga C. Sohneld ................ +, Do. 

41 D. parvllolia Spragu~..........._.. .. Light.

42 D. polretli O. Sohneld._ ........._.... Do. 

43 D. polretlllaUfoUa C. Scbneld ....... Do. 

44 B. polyantha Hellls!. (11. aggregata Moderate. 


prattll C. Schneid.). 

46 B. prnttll C. Schneid. (D. aggregata + Do. 


prllttll O. Schneid.). 

46 D. serotlna Lange (D. chlnensls Polr.) + Do. 

47 D. sinensis Desl. (R. ohlnensls Polr.). +, '-"+i'" 'Artliiir;'sydow:::~':: I,lght. 
48 n. BouUeana C. Schneid............. + .......... ...................... . Do. 

40 B. subcauUalata O. Schneid......... +, +, ....................... . Do. 

50 D. umbeUata Wall ..... ,............. +, +, ........................ Hoavy.

51 D. verna0 C. Schneid................ + .._.............................. . Light.

52 D. vlrescons Hook L................ .......... . + ....................... . Do. 

53 n. viridis Hort...................... + .................................. Mod"rate. 

54 B. vulgaris atropurpuroa RegeL..... +, +, Do. 

(D. vulgaris purpuroa Bertin)... +, +, 'Sydow'itiiL::::::::: Hoavy. 
05 B. vulglU'ls sheynlle Hort............1 + Do.


+11 Moderllte. 
56 n. wllsooae Hems!. nnd Wlls •••••••• Heavy.+
57 B .. wilsonae Hemsl. var. Autumn Light.+Cheer. 

68 II. wllsonne Hotns!. var. Firefly •••••• Do.
+
50 n. wi130nao Hemsl. var. Spurkler •.•• Very \lght. + 
'First recorded artificlallnlectlon, although naturallnlection WIIS noted previonsly. 

',First ob~ervetl by Stnkrunn and Levine. 

'lloth trWcl and scclllis used as Inoculum . 

•Number given at IT. S. rlnnt Field Stntlon, OIenn Dale, Md. 

'Observed by ,Butler and Hllyman. 


10 Observed by Klebllhn. 

II pycnln only on previous trial~. 

II Tbe vllriety of Inoculum used WIIS poae. 


It will be seen from Table 1 that the number of susceptible species 
and varieties of Berberis far exceeds that of the immune varieties. 
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The question naturally arises as to whether reaction to rust is cor­
rela'ted with gross morphological characters. In general, those species 
which are susceptible to Puccinia gro,minis res.emble Berberis 'lYUlgaris 
somewhat in the size, shape, and texture of the leaves, while those 
resembling B. thunbergii 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. 'lYUlgaris 
has relatively large and oval leaves, but both are quite susceptible 
to P. graminis. B. hookeri Lem. (susceptible) differs widely from 
B. 'lYUlgaris in leaf texture, the former possessing leaves that are hard 
and leathery in texture when mature, while those of B. 'lYUlgarie are 
soft and more or less tender. The leaves of B. neubertii Hort. (very 
susceptible) are about 2 inches wide and 3 inches long, while those of 
B. 'lYUlgaris are less than 1 inch wide and about IX inches long. As 
a general rule, however, there seems to be a close correlation between 
the B. ·vulgaris tYJ.le 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. graminis, 
or there may be a very narrow range of conditions within which infec­
tion may take place on certain species. In one shipment of B. hookeri 
there were 12 plants. Within a period of two years 18 inoculations ..~ 
were made on these plants and only one aecium 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. 
brachY'f0da Maxim., B. gilgiana Fedde, and B. soulieana C. Schneid. 

In 'I able 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 
Qraminis. The number of trials for each species is the total of the 
moculations made by Stakman and Levine plus those of the present 
author. All the species here listed are not to be considered definitely 
immune, since further inoculations may prove that some of the spe~ies, 
except B. thunbergii DC. or its varieties, are susceptible. The first 
list of immune barberries, made three years ago, contained more than 
double the number presented in Table 2, so conclusions as to resistance 
or immunity of any species, based on a small number of negative 
results should not be regarded as of great value. 
TABLE 2.-Genera and species of Berberidaceae that did not rust as a result of artificial 


inoculation with teliospores of five varieties of Puccinia graminis 


Number ofinocuilltions with varieties of P. gramlni 
Genora D"d species '. 

AgrosUdisl A vI.nae Poae Secalis Trltlcl 

Berbcris beaniana C. Schneid ______________________ _ 0 0 0 11 0B. concinna IIook __________________________________ _ 0 0 0 7 0B. odgeworthianll C. Schneid _______________________ _ 0 0 0 12 0B.ottawensis C. Sch:Jeid ___________________________ _ 0 0 1 0D. potaninii Maxim _________________ ~______________ _ 0 0 1 ~I 1B. ropons LindL ___________________________________ _ 0 0 0 18 3.B. stcnophyllll .MasL________________• _____________ _ 0 0 0 11 1D. thunbcrgii DC __________________________________ _ 0 0 21 7
D. thunbcrgii atropllrpurell HorL _________________ __ 12 • a 360 248 
D. thunbcrgii msximl>wiczii (Regel) C. Scbneid ____ _ 0 13 0 24 10D. thuniJergii minor Rehd _________________________ __ 0 0 0 3 0
Clllllophyllum thlliictroides (L.) Michx _____________ 0 11 0 5 19Diphyiiei.l cymosR lIIichx _________________________ __ 0 1 0 2 0
J'effersonin diphyllll (L.) Pers ______________________ __ 0 0 0 0 2Podophyllum pcitatum L __________________________ _ 0 0 0 20, 
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A few of the barberries, previously listed as susceptible, exhibit 
what may be a physiologic rather than a morphologic resistance, as 
probably is the case with the majority of those barberries now con­
sidered 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 Puccinia grarninis, a heavy pycnial infection resulted, 
but no aecia formed. (See pI. 5.) When examined with a hand lens, a 
single outgrowth, possibly an abortive aecium, was sometimes seen on 
the dorsal surface of the leaf. On this species the fungus was able to 
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 jremontii Torr., B. haematocarpa Wooton, B. nevinii A. 
Gray, B. swaseyi Bucld., and B. trijoliolata Moric. are infected without 
great difficulty. Aecia, however, fail to develop in about half the 
number of infections. With B. aquifolium 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. aquifolium, and in the United States 
and Canada on the leaves of B. aquifolium in a few cases. 

Although th9se species and varieties of Berberis that resemble 
B. vulgaris seem in general to be susceptible to rust and those of the 
B. thunbergii type r~sistant, there is som.e observational evidence that 
hybrids between the two sometimes may have the susceptibility of 
B. VUlgaris and many of the morphologic characters of B. thunbergii.
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. Tb,e results are summarized in Table 3. 
TABLE 3.-Reaction of Berberis vulgaris X B. thunbergii hybrids to Puccinia 

graminis tritici and P. graminis secalis 

Reaction of bybrids I to-

Crosses P. graminis tritie! P. graminis secalis 

Resistant S~f~t Resistant Snsceptible 
---------------------------I--------I-~~'C. B. 1 __________ • B. C. I C. B.I 
B. vulgaris X B. thllDbergii F, (F, individuals) ____ {:::::::::::::: :::::::::: ~: 8: ~ :::::::::::::: 

'207 (3, 9,14) 4207 (XI • 201 (1,2,5, 201 (6,8) 
9, 10, 11) 

202 (1, 2, 3) 
:::::::::::::: :::::::::: ---i-~(}j(3~9~- 204 (2) 

10,11) 
4 207 (x, 2, 3, 

5,10,14,18, 
19, 22, 27) 

B. vulgaris X B. thunbergii F, (F, individuals) ___ -------------- ---------- 3205 (3, 6, 9) 

• 206 (2) ______________ 
4207 (x, 9, _____________ _ 

11, 15, 23, 
28, 29, 30)

B. C. 1 X D. vulgaris (back cross)_________________ _______________ 203 (2) 203 (2) 203 (1,2) 

I Individuals arc grouped according to F. families and back crosses. For example, 201 (I, 2, 5, 9, 10, 11)
nleans individuals I, 2, 5, 9, W, nnd 11 of (smIly 201. 

'According to Blakeslee, D. C. 1,2, nnd 3 and C. B. 1 are F,'s from crosses made in 1914 between berberia 
Ihunberoii and the purple-leaved vnriety of barberry . 

• Numbers given by A. II. .Blakeslee, Carnegie Institute for Experimental Evolution, Cold Spring 
Harbor, N. Y. 

'X"" plants plowed up in the nursery and replaced without 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 Evolution at Cold Spring 
Harbor, N. Y. They were crosses between Berberis vulgaris atro­
purpurea 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 Puccinia 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-leaf common barberry parent was determined as sus­
ceptible. The other parent, Berberis thunbergii, is known to be 
immune. Of the four Fl 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 inoculations 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 inoeulations. 
Of these inoculations, only the series in which the checks were infected 
are included. 

Of the four individuals obtained from a cross of B. C. 1 xB. C. 3, 
three of the four F2 individuals ere susceptible, the status of the other 
being unknown. 

Data are available on the reaction of 38 :F2 individuals belonging to 
sbc F2 families of a 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 Fl or F:; 
generation whether resistance or susceptibility is dominant. 

In this particular cross, susceptible plants were in general like the 
susceptible parent in morphologlc 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 thunb~rgii more than. the B. vulgaris parent; 
therefore, it would seem that there is a correlation between morpho­
logic characters and resistance to Puccinia 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 varieties of Berberis susceptible and those resistant 
to rust having been determined, experiments were made to ascertain 
the conditions governing infection of the susceptible variQties. B. 
vulgaris was the principal species used in the experiments. Obviously, 
the first factor to be considered in studying the sequence of infection 
in the aecin.! stage is the germination of the teliospores. 

I t has been Imo" .."11 for many years that the germination of teliospores 
is capricious. DeBary (2, p. 24) observed that they rarely germinated 
immedin tely 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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l.VfcAlpine (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 (9) and Lambert 
(10) concluded that moisture alone had very little influence on the 
maturation of teliospores.. Lambert (10) also found that light had 
very little effect. Waters (20) has shown that the formation of teli8. 
may be hastened by "placing plants infected with Uromyces appendicu­
latus, Puccinia sorgh'/" P. suaveolens, U. trifolii, or U. polygoni in the 
dark. In general, it may be said that the teliospores formed in the 
fall usually do not germinate until the following spring or the season 
corresponding to it. 

Numerous attempts 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 non treated 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 temperature and probably less by light and 
hydrogen-ion concentration. Melhus et 0,1. (13) found that "at 8. 
humidity of 95.6 per cent, only a slight production of sporidia was 
obtained," and" the most prolific sporidia formation occurred in 8. 
saturated atmosphere." 

Dietel (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 0,1. (13, p. 290) state: "* * * 
sporidia formation may occur only between 5° and 25° C. and scems 
most profuse at 20° C. * * *" Lambert (10, p. 11) states: 
"* * * 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 
germination 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 tcliospores diffet' considerably with regard to the time required f01: 
germination." 

When teliospores of the tritici and secalis varieties were used to 
inoculate barberries for 2 days, then dried for periods of 1 to 10 days 
beforo being used to inoculate other barberries, the infection produced 
by both varieties was practically the same in both trials. 

With regard to the longevity of mature teliospores, Lambert 
(10, 1!. 13) says: "It 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." He mentions 
that talial material of Agropyron repens was placed in storage a.t 
approximately 2° O. and that "Cotter continued his inoculations 
with tho spores * * * and was able to obtain infection until 
spring." This material was left in cold storage during the summer. 

On August 31, 1926, Berberis l1lcium, B. pruinosa, B. vulgaris, and 
B. CMahonia) 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. aggregata 
prattii, B. brachypoda, B. leichlinii, and B. vulgaris used a,'s a check. 
On B. leichlinii a 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 
Df August, 1926. 

In the spring of 1926 teliospores on Agropyron repens (L.) Beauv. 
were collected near Red Wing, Goo'dhue County, Minn. These telia 
were used in the inoculations made in 1926 and 1927. The last 
inoculatiQns 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 pycnial 
infection appeared on B. arvensis May 21, and aecia appeared on June 
6. A light pycnial infectiQn appeared on B. lycium May 20, no aecia 
being observed. A moderate infection of pycnia appenred on B. 
notabilis May 20 and aecia appeared Qn June 1. On May 16 B. 
alesuthensis, B. aristata, B. haematocarpa, B. swaseyi, and B. vulgaris 
were inoculated with this same material. Light infection occurred 
on B. alesuthensis and B. haematocarpa and moderate infection on B. 
swaseyi and B. vulgaris. 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 year and a 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 dry laboratory ger­
minated after having been kept in the open during the winter. 

In the upper Mississippi Valley teliospores 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 
outdoQr conditions, Melhus et al. (13) obtained plentiful germinatiQn 
in April and May, but spores left out of doors WQuld not germinate in 
June or July. Lambert (10) found similar conditions at St. Paul in 
1923 and 1924. The teliospores from a collection of telia on wheat 
collected at Black Earth, Wis., and placed out of dOQrs at St. Paul 
by the writer germinated well on February 23,1926. The teliospores 
from this collection did nDt germinate March 9,1926, or later. Telio­
spDres Qn Agropyron repens, left out of dOQrs at St. Paul in the winter 
Qf 1926, germinated fairly well in March but very indifferently twO' 
weeks later. The teliQsPQres from A. repens left Qut Df doors at St. 
Paul in the fall Qf 1928 germinated wea,kly Qn March 26,1929, but not 
at all on April 10. As snQW 0'1' rain had fallen after the first inQcula­
tion in each Qf the cases cited, the teliDspores prQbably had germinated 
befQre the secQnd inDculatiQn was made. In these cases the teliospores 
had been germinating befQre and after the first inQculatiQn; so when 
the secDnd inoculatiDn was made, all of the teliDSPQreS had germinated. 
TeliQsPQres left Qut of dDDrs during the winter at St. Paul germinated 
befDre the middle Qf April in 1926, 1927, and 1928. 
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Infection may not occur even though the teliospores have germi­
nated and the sporidia have lodged upon the barberry leaf. In nature 
the conditions at the time the barberry leaves are unfolding are ex­
tl'emely variable. Rains may be intermittent, so that the film of 
moisture necessary to the life of the sporidium may 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 infec­
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 incuhation period 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 a year 
later. On three occasions telia were tested a year and a half after 
collection, and the germination and resultant infection were very weak, 
even when the spores had been kept in a cold, dry place. If teliospores 
are not kept at a low temperature (about 0° 0.) and dry, they lose 
their viability rapidly. Occasionally they lost all power to produce 
sporidia within two weeks from the time germination was first noticed 
in the collection. 

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

RELATlON OF TEMPERATURE TO INFECTION OF BARBERRiES 

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

Lambert. (10, p. 19) found that "the greatest amount of infection 
occurred at 17° to 18° 0." He states: 

This experiment indicates that the combined process of teliospore germination, 
sporidia formation, liberation, and germination, the infection of barberry leaves, 
and 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° 0., one dish of teliospores frem wheat and one from 
Agropyron repens being phwed at each temperature. At the end of 
two days many spores presumably had germinated and produced 
sporidia, for infection was readily secured with spores so treated in 
previous experiments. Only susceptible varieties of Berberis, prin­
cipally B. vulgaris, were used, except as otherwise noted. Before 
inoculation the barberry leaf was wetted and the bloom removed, 
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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 moisture around the spores. At the lower tempera­
tures it was not difficult to maintain this film of moisture, but at 24° 
to 26° 0. 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 
results are given in Table 4. 

TABLE 4.-Effect of !e~perature on rate and degree of development of rust infection 
on Berberis vulgan8 moculated with teliospores of PucCinia gr()'minis tritici and 
P. graminis secalis and incubated in a continuously saturated atmosphere 

Number oC days required for appearance oC pycnin and nocia and degree of infecticn I 
Tem­ produced at temperatures 0(­
pera­
tureTelial for 8°_10° C. 12°_}4° C. 16°_18° C. 19°-21 ° C. 24°-26° C. 31°__35° C.host 

:ir~t1---;---1--.,---1-'--.---1----;---1-----;;----1---;--­
nation P . • - Pyc- A . P - . Pvc- . ycma ..eCla 'nia etla ycma AeCla nia AeclS Pycnia Aecia ~;- Aecia 

---1----------------------------­
° C.IHO 9+- 23+- ____________ 8+- 21+- 6++ 21++ 9+ 23+ _____________ 

Agropyron 12-14 ______________ 8+ 25+ ______________ 8++ 7++ 14+- 0 8+- 0 
repens___ 19-2121+-- 0 ____________ 9+:-- 21+- 9+ 25+ 21+-- 27+-- _____________{ 

~heat...__ { !ti~ :~:=:=-- :::=:=______ ~::==i~:== :::=== -~---- 8+-~++ ~++0 -~:=---- :~:=--28+ .. ======= ====== _.-1-26 ..______ 8++124++ ______________ 8+ ____________ 

I The degree of infection is indicated by the following symbols: ++. Heavy; +. moderate; +-. light;+--. very light; O. none; ______ • no trial. 

It will be seen from Table 4 that only one very light infection 
resulted at 31° to 35° C.; hence it may be concluded that the com­
bined process of teliospore germination, formation, liberation, and 
~ermination of sporidia, and barberry infection was greatly inhibited, 
if not prevented, by temperatures higher than 26° C. The optimum 
temperature seems to be 19° to 21°. Lambert (10) thinks the opti­
mum for barberry ·infection is 17° to 18° and that infection does not 
take place readily above 22°, while Melhus et al. (13) state that the 
maximum for formation of sporidia is 25° and that a saturated 
atmosphere is necessary. This, however, is difficult to maintain at 
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
bating 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 m.tlgaris were made. 
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Teliospores from Agropyron repens from Rochester, 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 
spores 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 &tomizer every three hours during the day. At 
the expiration of this period four of the five pots held at 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 wore thoroughly dried before being placed at the 
different temperatures. This procedure obviates the possibility of 
infection occurring at a temperature other than the original spore­
germination temperature. The results of the inoculations are given 
m Table 5. 

TABLE 5.-Influence of temperature on the rate and degree of development of pycnial 
infection on Berberis vulgaris inoculated with teliospores of Puccinia graminis 
secalis andincllbated two days in a saturated atmos;iJhere, dried, and replaced in 
the chambers 

N umber of days required for appearance 01 pycnia and degree 
of infection 1 produced at temperatures (OC.) of-

Temperature (0 0.) for spore germination 1----;----...,.----;------;---­

7°_9° O. 15°_18° O. 10°-21° C'1240 -260 O. 31°-35° C. 

7-8_______________________________________ _ 15+-- ll+-- 8++ ____________ 8+8-0 _______________________________________ _ 

15-16_____________________________________ _ 10+-- 7++ 5+ 6++ 7+-­
1&-18_____________________________________ _ o 0 7+ 7+-- 6+ 
19-20 _____________________________________ _ 8+++ s+ H+1 0 0 
29-21_____________________________________ _ 8+- H+ H+ H+ 0 
24-26 • _ 13+ i+ 7+ 8++ 0 
31-33______________________________________ ll+ 0 0 ll+- 0 
33-35_____________________________________ _ o 0 0 0 0 

o 0 0 0 0 

1 +++. Very heavy; ++. heavy; +. moderate; +-, light; +--. very light; O. none; ______• no trial. 

The results given in Table 5 are a little more clear ..cut than those 
in Table 4. The data indioate 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° O. and 31 0 to 35°, as no infection was secured from the 
teliospores incubated at these two temperatures. The smallest 
amount of infection resulted from the teliospores h'lcubated at 7° to 
9°, while moderate infection developed at the three lower tempera­
tures, from the telia germinated at 15° to 18° and 19° to 21°. It is 
noteworthy that infection appears first at the hi~her temperatures 
and last at 7° to 9°, the optunum temperature bemg 19° to 21°. 

The evidence presented seems to show that teliospores of Puccinia 
graminis rarely if ever germinate and produce and liberate sporidia 
at temperatures higher than 26° O. This is in accordance with the 
results of Melhus et 0.1. (13), who found 25° the maximum for pro­
duc'tion of sporidia, and Lambprt (10), who found that there was 
light infection at 22° to 23° and little or none at 26°. 

INFLUENCE OF LIGHT ON INFECTION OF BARBERRIES 

Next to temperature and moisture r 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 period of incabation apparently had no 
effect on the percentage of leaves infected, but the number of infected petioles 
was markedly greater on the plants kept in total darkness than on those exposed 
to constant intenRe 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 a 500-watt light suspended 
4 feet above the table, one was placed on the greenhouse bench where 
it was exposed to alternate light and darkness, and the third was 
kept in a dark room at a temperature of about '10° C. until sufficient 
time for the appearance of pycnia had elapsed. The results are 
given ill Table 6. 

TABLE 6.-Influence of light on production of pycnia on Berberi8 vulgari8 inoculated 
with leliospores of Puccinia gramini8 8ecalis in the greenhouse 

Number of days required for appearance of pyenia and aecia under 
indicated light conditions after removal from moist chambers. and 
degree of infection 1 produced 

Date of inoculation Alternate liftht and Constent light Constant darkness darkness (d urnal) 

pycnla Aecia Pyenla Aecia pycnla Aecla 

i 8 ++ 18 ++ 10 +-- +-- 0 0
J8n. 12------------------------ 11 ++ ++ 8 ++ 18 ++ 11 +++ +++i 9+ + 0 0 0 0
Jan. 19-----------------------­ 8+ 23+ 9+ + 14+ +

1 I 
I +++. Very heavy; ++. heavy; +. moderate; +-. light; +--. very light; O. none. 

N 0 coIiclus~ons can be drawn from the data in Table 6, because 
the plants kept in total darkness were held at a temperature of 10° C., 
whilo 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 darkness or in constant light, the fact 
that infection did appear as soon on the plants inoculated January 12 
and kept in total dark-uess as on the plants subjected to alternate 
light and darkness would tend to discredit the idea that light alone 
has any decided effect on the occurrence of pycnial 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 inoculation and incubation than on those 
inoculated and incubated in chambers kept constantly dark. 

TIME REQIDRED FOR INFECTION OF BERBERIS VULGARIS WITH TELlOSPORES 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 
teliospores germinate on straw, where they produce sporidia which 
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must be blown to barberry plants, where they germinate and produce' 
germ tube3 that penetrate the host. Environmental factors therefore: 
must be favorable 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 favor~ble is 
not known. . 

To solve. this problem, a suspen.sion 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 Agrofyron repens were incubated for 17~ 
18, 24, 30, and 42 hours, respectlVely, 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. Development of pycnia was very light on' 
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~~ 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 httle greater when the incubatioDl 
period was 72 hours or longer. This, then, means that barberries 
probably become heavily infected in nature only when favorable: 
weather conditions prevail more or less continuously for two 01: 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 wat~r 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 mat~rial 
was placed upon this wire screen so that the sporidia fell in a shower 
over the plants below. Twice a day this material was wetted 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 l}~, 2, 3, 8, and 24 
hours did not become infected; but plants in the same series exposed: 
2}., 29, 33, 45, 46, 47, 48, 55,69, and 71 hours became infected. The. 
infections were light on the plants e:l\.-posed 21 and 29 hours, moderate 
on those exposed 33 hours, and heavy on those exposed 45 hours. It 
was to be expected that plants e:l\.-posed for longer periods to tho; 
sporidial shower would be heavily infected, and such was the case_ 

In these experiments the mimmum time required for liberation. 
and germination of sporidia and barberry infection was 21 hours•. 
However, the limited available data and the wide gaps in time o£ 
e:l\.-posure in the various groups made further informatIOn desirable.­
This experiment also raised the question as to how long the telia.L 
material would have continued active in supplying inoculum~ if. th6' 

111171-32--3 
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~xperiment 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 a 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 to 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 
infected. The other two plants, exposed 27 hours, also became heavily 
.infected. 

The same rusted straw was used again as a source of inoculum for 
;a third series of Berberis vulgaris. All four of the plants were exposed 
to the sporidial shower 45 hours and eventually developed a moderate 
to heavy pycnial infection. The results show that sporidia were being 
liberated 116 hours from the time straw was first wetted and 50 hours 
from the Hme 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, telia from Hennepin County, Minn., were similarly soaked 
.for t·r~.) days before they were employed as a source of inoculum. 

As in the first series of the pr~vious 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 a law unto itself. These two 
collections were gnthered 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 telia had 
been soaked 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 hours and of the Rochester material 88 hours. The Rochester 
materilll 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 shower, 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 eftch 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 houl's. The 
known time of spore discharge by the Hennepin teliospores covered 
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a period of at least 46 hours, as shown bv the infections that occurred 
on the barberries exposed to the sporidial shower during that tim~. 
The 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 inoculated sLx hours lat.er than the first, with 
telia soaked six hours longer. 

In the first series, plants exposed 5}6 and 8}6 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 bel'n exposed to the sporidial shower only 7, 
23, 26, and 30 hours, respectively, the infection ranging from light on 
the ph'tnt exposed 7 hours to very heavy on the plant exposed 30 
hours. 

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, an(i39 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 
vulgaris 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. canadensi.~ 
were inoculated with the same material after the removal of the pre­
viously inoculated plants, light infection occurred on the B. canadensis 
plant and on one or the B. vulgaris plants after an exposure of 25 
hours. This telial material had first been immersed in tap water at 
noon Februarv 9. The first infection obtained was on a plant exposed 
to a shower of sporidia for 26 hours and removed 72 hours from the 
time Lhe 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 rain, the barberries in the vicinity of 
heavily rusted grains or grasses are exposed to a constant shower of 
sporidia, so that infection is almost certain 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
t,ion occurs; but as the successive periods of germination of teliospores 
occur, some and possibly all of the barberry leaves arc very likely to 
become infected. 
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To complete the data, another double series of plants was exposed to 
ieliospores from quack grass from an unknown source. To gain some 
idea of the time when the 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 three days ll\ter, because in one 
'Of the preceding experiments it seemed that the teIiospores did not 
.germinate in the tap water in which they were soaked but did ger­
mim.te 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 presoaked two hours 
:before being used as inocululT.'. Berberis vulgaris 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 il series inoculilted with the 
,other haH of this material, three B. '1Julgaris plants exposed. for 1, 2, 
and 3 hours, respectively, did not become infected, whereils the fourth 
plant, exposed 47 hours, becilme heilvily infected. In il third series, 
~xposed to telia from the first series, plants exposed 9 and 24 hours did 
not become infected. The other plilnts, exposed 33 and 48 hours, 
:respectively, became moderately infected. 

From the foregoing it is evident that the 2-day presoaking was not 
'necessary for the ~ermination of the teliospores. The first plant 
Temoved from the mcubation 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 
revealed that infection may take place in a still shorter time. From the 
facts here given, however, one Ciln say that the processes of germina­
tion of telicspores, and formation, liberation, and germination of 
'sporidia, with subsequent penetration of the barberry leaf, can, under 
favorable conditions, take place in a minimum time of 23 hours. 

The other half of this telial material, presoaked three days before 
using, failed to produce infection on a Berberis vulgaris plant e},..p~sed 
to it 3 hours, but did produce infection on plants exposed 46, 55, and 
71 hours, respectively. 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 soaking the t,elial 
material for two to six hours before using it for inoculation will pro­
vide for the least loss of sporidia with thfo maximum number of ger­
minated teliospores. Furthermore, short periods of rain, followed by 
conditions unfavorable for dissemination of sporidia and infection of 
harberry plants, would rElsult in considerable loss of potential infec­
tive power, as far as the pathogtlne is concerned. It will be recalled 
that in the previous mq)eriment the teliospores germinated 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 days when taken from the same collection, kept under the 
~ame CI' -4,.dtions, and soaked three days 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. 



DEVELOPMENT OF AECIAL S1',AuE OF PUCCINfA GRAMINIS 21 

SUSCEPTIBILITY OP BARBERRY LEAVES 01' V AKIOUS AGES AND SPECIES 

It is known that the age of barberry leaves at the time of inoculation 
is. a factor in infection with Puccinia graminis. Melhus et a1. (13) 
state: 

Repeated attempts in the greenhouse and field under varied moisture and 
tempemture conditions failed to pr!)duce infection on the more mature leaves
* * *. The marked difference in the suscep'tibiHty 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 stomata. 

Meln.nder and Oraigie (12) think that the leaves of susceptible 
species become viriiuaUy immtili~ with age. 

The lellyes of the barberry plant can unfold and grow linder condi­
tions thltt do not perm,t infection. If, then, only the very young 
leaves nrc susceptible, many of tham would escape infection if weather 
conditiolls were not favorable during the periotl of their immaturity. 
If, 011 the othel' hand, the leaves remain susceptible for a considerable 
period, the chances of infection would be much greater. 

1'0 obtain evidence on this point, rapidly growing plants of Berberis 
vulgaris were examined daily for 11 days, and to each new leaf a tag 
was ltttuched bearing the date the leaf unfolded. On the eleventh 
day, eight of these barberry plants were inoculated with sporidin, of 
P1tccinictyraminis secalis. Pycnia appeared five dn.ys later. Notes 
were tltken 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 are given in Table 7. 

TABLE 7.-Injluence of age of barberry leaves on development of rust in the greenhouse 

Berberis vulgaris Berberis aetnensiE 

,---~------------~--~----------I----~-------------

I 
i 

Number oC leaves Number oC
Num· InCected at lu(1I. leaves InCected Number oC leaves in· 

Age of leuves ber oC cated number oC Num· lltlndicated num. Num· Cected at indicated 
(dars) I' leal-es days aCter !nocll· ber oC ber oC days aCter ber oC number oC days

iuoeu· laUon leaves inoculation leaves after inoculation 

llated Inocu· Inocu· 
lr.te<l lated 1---,--......,-----,,---..,-­

-_.,- -----l--~~~l~~__:~. ~~~ _____7__8_1~~~ 
1••••.•••••••••••1 
i==:::=:::::::::: 

3 •••• 

I~' ~ 
2 

~ 
3 I 3 

I~' 1: 
3 7 I 1 6 6 7 2 2 21 2 2 2 

I~ ......~.L.~...~...~...~.......:...:...:...:...~....: 
4................ 6:': 2 3 6 6 1; 1 1 1 1 11 5 6 8 10 11 

~==:====::::::::: ~ ··i·' ~ l 1 ~ ~ I:::: ~ 1 1 :::::=:: :::: ::=: :::: :::: :::: 
7•••.•••.•.•••••• : 13 5 6 13 13 13 1 •••• 1 I I 2 1 1 2 2 2 
8.•..•.••••.••••• ' 3 I 1 2 2 3 4 •••• •..• 3 4 8 I 6 6 7 8 
9...... .......... \I •••• I 2 2 3 •.••.•.• •••. •••. .••• .•.. 3 2 2 3 3 3 
10.... .•..... .... J4 1 3 8 10 12....••.. .... •••• .•.. .... \I 1 2 5 8 \I 
11................ \I,... 2 5 6 II 2 .... .... .... 2 1 .... .... 1 1 1 

m~~~;"'"'~:~:::~~~~~-!~~~IJ~~~~~~ 

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, apparenMy the age 
of the leaf is not a factor in determining the resistance or suscepti­
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 dn.ys old as on those inoculated when 1 day old. 

It is evident fl'om Table 7 that leaves of BerberislJulgaris may be 
infected by Puccinia graminis as late as 16 days after they first appear, 
As many of the ta~ showing the age of the leaves were dislodged 
during the inoculatlOns, the ages given in Table 7 are not so great 
as they otherwise might have been; but since leaves that 
appal'en,tly were at least 2 days older than the tagged 16-day leaves 
were moderately or heavily infected, it is thought that if none of 
the tags had been dislodged leaves still older than 16 days might 
have proved susceptible. 

Undoubtedly, irlsolation 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 bll;rberry leaves were being tagged were cloudy, while the sun 
shone brIghtly on 8 days. The forenoons of 2 days were cloudy and 
the afternoons were sunny. These days were included in the totals 
as 1 cloudy and 1 sunny day. Hnd all the days covered in this ex­
periment been sunny, it is quite possible thnt infection would not 
have occurred on common barberry leaves 16 days old, as :Melander 
and Craigie (12) found that lenves of Berberi.s vulgaris 10 dnys old 
were somewhat resistnnt. There was no correlation between the 
degree of infection and the presence or absence of sunshine on the 
day the lenves appeared, ItS leaves of the same date showed the 
extremes of infection, from very light to very henvy. 

ji"'rom Tabie 7 it is clear thntthe total numbers of leaves of Ber­
beris 'Vulgaris inoculated and infected are the same, with one excep­
tion, up to and including the eighth day, whereas in B. aetnensis the 
totnl number of leaves inoculated and infected correspond up to and 
inc.ludillg the twelfth d.ay. With B. '1JUlgaris it was possible for every 
tagged leaf to become mfected up to the twelfth day. All the 12-day 
leaves tagged on that day became infected, but not all the 9-day 
and lO~day lenves 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 cnS3 of B. vulgaris there seems to be a gradual harden- ~ 
ing off of the leaves after the eighth day, although there is no evidence 
thnt this occurs in leaves of B. aeinens1:s. The results support the 
conclusions of Melander and Craigie (12, p. 99), who state: "Leaves 
of B. vulgaris 10 days old are fairly resistant to P. gram'inis. This 
would indicate a close correlation between resistance and the thick­
ness of the outer epidermal wall." But the results also show that 
leaves remnin at least moderately susceptible for 10 days to two weeks, 
especially if weather r.onditions are such as to preven t 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 thnt are most susceptible to infection by Puccinia graminis. 
Dntn Were gathered on a number of infected plants. The degree of 
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infection was noted on the leaves, stems, petioles, spines, leaf spines, 
and growing points of the stems. Field observations were made on 
infection of the flowers of Berberis '11ulgaris. The greenhouse data 
are given in Table 8. 

TABLE S.-Susceptibility, in the greenhollse, of various plant parts of Berberis to 
blaek stem rust I 

Nurnber of replications according to degree of Infection 
Indicated 

Infection courts ,B. vulgaris n,Drmalls B. vulgaris atropurpurea 

MOderate! Heavy Very Moderate Heav" VerybenV) , beovy 

__ __ __- __ __ __ __ __-_.--._.1--­-F-OI-I~-e~-io-Ies-_-__- - -_-__- - - - -._-_- __ 1---6---7= = ---2 
3Leaves. _________________________._____ 3' 5 13 __________ 1 2 

Serrates_______________________________ 10 1 ._________ 3 ___________________ _ 
Stem:Sprlgs__________________• _____________ _ i ________ . ____________________ _

1 1Splnes_____________________ . __"______ _ 2 _________ _ 4 _____________________________ _ 
Aplces _____ •____ "____________________ _ 1 _____________________________ _

1 1 

I Extremely heavy Infection was once noted olso on the nodes of B. vulgari& 7lorm.Ii •. 

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 exposed 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 
Rochester and Albert Lea, Minn., in 1928, was heavily rusted on 
leaves and sepals, with light aecial infection on peduncles and petals. 
Apparently there was also an infection on one of the stamens in 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 a wide range 
of weather conditions. The frequent spring rains are often accom­
panied by lower temperatures, and this combination is especially 
favorable for teliospore germination and barberry infection. 

Berberis vulgaris 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 a greater degree than B. vu[garis. Two 
such are B. ilicifolia Forst. and a 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. ilicifolia were frequently killed 
outright when inoculated in the same series with B. vulgaris, while 
on the leaves of B. vulgaris the infected areas were not continuous 
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 !lecia on B. ilicifolia three weeks after inoculation. 
The type of infection on B. ilicifolia is shown in Plate 1, and an un­
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usu~lly heavy infection 011 stems of B. vulgaris is shQwn in Plo,te 2. 
In,.Plate 3 is showp an infected whorl of leaves of B: vulgaris., It li! 
eVldent from Plates 2 and,3 that the leaves of B. vulgaris are riot 
killed as are those of B. ilicifolia. Even leaves having .the exception~ 
ally heavy infection shown in Plate 4 may live for weeks. . 

Of those species tested, Berberis asiatica Roxb. seems to be one of 
the most resistant. Leaves of B. asiatica are illustrated in Plate 5. 
In this case very small pycnial infections appeared at the same tim~ 
as those on B. vulgaris and within 10 days became dry and brown. 
No aecia formed, whereas on B. mtlgaris abundant aecia appeared. 
(PI. 2.) Apparently the leaves of B. asiatica toughen rapIdly and 
prevent the rust from spreading in the tissues. 

EFFECT OF LENGTH OF INCUBATJON PERIOD ON INI!'ECTION OF BARBERRIES 

If warm days follow the penetration of the sporidial germ tubes, 
the appearance of pycnia is accelerated, according to the dc:.ta result~ 
ing from al'tificial inoculations. In the greenhouse the incuhatiun 
period of the rust in the barberry is much short·ar at temperatures 
of 20° to 30° C. than at temperatures below 10°. At the higher 
temperatures, 24° to 26°, pycnia appeared 3 to 10 days after inocula~ 
tion, depending on the amount of consequent infection. Pycnia. 
appeared on the third day upon the plant with the most infections, 
and on the tenth day upon one of the plants with the le~st 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 rnpidity with which infection becomes 
evident, as a leaf infected by a large number of sporidia produced 
pycnia 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 011 the length 
of the incubation period of the fu:agus. 

Wetting the barberry leaves and removing the "bloom" from them 
do not favor their infection. In a few of the writer's experiments 
those plants that did not have the leaves wetted nor the "bloom" 
removed were those that became most heavily infected. If more 
series had been inoculated the results might have been exactly the 
opposite of those already obtained. 

EFFECT 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 determine the time required for aecia to 
appear and mature. The results are given in Table !). 
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TABLE 9.-Effect of temperature on development of aecia and opening of aecial CUp8 
on Berberis vulgaris on which pycnia had been produced after inoculation with 
Puccinia graminis tritici and P. gramini8 8ecalis in the greenhouse 

Number o( days required (or appearance o( aecla Bnd (or opening o( aeclal 
cups at temperatures 0(­

E:lperl· 7°_8° C. 15°-16° C. 20°_21° C. 25°_26° C. 31°-32° C.ment Tellnl host 
No. -


Ap· Ap· Ap· Ap- Ap·
Open· Open· Open· Open· Open·pear· penr· pear· pear· pefll"Ing ing Ing ing Ingance ance ance nnce IInce 

1••••_•• AgrofIJon repens
(L. eauv ••.•• _•• 14 15 12 14 10 11 10 10 10 10

2•• _._•• • , •• _do••••__•.•._._•. 14 17 9 10 9 10 9 9 9 9
3••••_•• .,••_do.•••• __ .•••••_. 11 (I) 12 14 10 (I) 9 10 9 9.._.._.. ••• __do ••••••.••• _•.•• 16 10 15 15 16 17 14 16 7 (I~6._••_•• .,•._do••••••....•..__ 13 15 ------- ....... ---- 8 (I) 9 (I 


10 I 11 
6••_._.• Triticum vulgnre

VIII. ' ••••••••••••• ----_..... -- ... ---- 14 14 10 11 10 (I) 10 10 

1 Cups not open at expiration of experiment. 

, According to the rules of botanical nomenclature the name of this species Is T. Gulioum L., but as T. 


",.Igare Is In general use among agronomists and cereal pathologists and geneticists, the writer I/Ives pref· 
erence to that form. 

The data show that t.pmperature has a marked effect on the appear­
ance of aecia after pycnla have developed. At 25° to 26° 0. aecia 

. developed at 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 temperature (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, a very noticeable difference in the length of the 
aecial cups. At the lowest temperature the aecial cups were two to 
three times as long as at the highest temperatU1'e. At the temperature 
of 31° to 32° the aecial cups opened very soon after their formation 
and before they had become much elongated. They were rarely 1 
mm long. The aecial cups formed at 7° to 8° were 2 to 3 rom long 
before they opened. 

From an empirical eA-periment it appears that the influence of 
moisture on the formation of aecia is irregular, because in two trials 
aecia formed on the plants in the wet chamber after the formation of 
aecia in the dry chambers, whereas in a third trial 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 barberries frequently are sub­
jected to wide extremes of temperature. The 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 mdgaris, some bearing aecia of the ~ritici variety 
and some bearing those of the secalis variety, were eA-posed to freezing 
temperatures in low-temperature rooms. One plant was left in the 
greenhouse 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 
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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 tritici variety and Petkus rye for the 
secalis variety. 

Only one uredinium resulted from the inoculations. Tlus was on 
Petkus rye inoculated with aeciospores from the plant kept at 0° C. 
and only 1 plant out of 17 became infected. It is evident, however, 
that a temperature of 0° did not destroy the ability of the aeciospores 
to germinate. Craigie 8 found that some aeciospores germinated after 
having been exposed 70 nlinutes to a temperature of -6°. As the 
aecia used in these experiments were from 51 to 67 days old when the 
plants were removed from. the cold rooms, it is more than likely that 
many of the neciospores had lost their vinbility even before they were 
frozen. As no other aecinl material was available at the time, the 
experiment was not repeated. 

A number of Berberis vulgaris plants bearing 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 nt 0° for 10 days, - 5° for 24 hours, and - 26° for 20 hours. 

In both the aecial and t)1e pycnial experiments all the plant parts­
above ground wer8 killed at - 5°, -10°, and - 26° C., although new 
leaves subsequently appeared on the plants frozen at -5°. A~ 0° 
some of the tender shoots were killed, but new leaves appeared later 
on the older stems. All the barberry leaves in the aecial series and all 
the young leaves in the pycninl 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 after the plant had 
been removed from the 0° room, while aecia developed on the check 
plant 6 days nJter the other plants had been removed from the freezing 
rooms. From this fact it would appear that the rust fungus can live 
at a temperatme ns low as the host can withstand, for the rust was 
able to complete its development when the barberry was placed under 
favorable conditions, even after having been held at a temperature 
that killed 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 OC C. room. At the expiration of a week one of the plants 
was removed and pillced in a greenhouse at a temperature of about 
20° C., !lnd four dllYs lllter a pycnium Ilppeared on one of the young 
,lellvcs thnt had not heen killed. The second plant in the first series 
was removed from the 0° C. chamber two weeks after having been 
plllced there. Pycnia Ilppearedthree days later. Some time aiter­
wards Ilmmonia escaped from the coolin~ system and killed the 
leaves; therefore, three of the six remaimng plants were removed 
from the cold chamber 16 days after being placed therein, and the 
remaining plllnts were removed 18 days later. There was no infec­
tion on the leaves that lllter unfolded on the first three plants, but 0. 

pycnium appellred on a leaf spine and another on a petiole of one 

I CRAIGIE,I. H. TilE LIIIER.\TIOll, GEIUIISATIOll, .\NIl VITAI.ITYOFTIIE AECIOSI'ORES OF l'ucelNIA G1tUlIlIIB. 
'[Unpublished thesis, Ulli\·. of MIIIII. 192';.1 
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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. Afterre­
moval from the incubation chambers one plant was placed in the 
greenhouse 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 49 
days. No infection was observed on the plants held 35, 42,. or 49 
days in the cold room j the leaves were killed and no infection ap­
peared on the leaves that unfolded later in the greenhouse. Pycnia, 
however, appeared on the plants that were held 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 J'esistance 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 incubation 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 
S-day and 28-day plants 10 days after their removal. The pycnia 
on the plant exposed 91 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 comm0l1 barberry plants were inoculated with telio­
spores of Puccinia graminis secalis from Chatfield, Minn., an.d after 
pycnia 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 piflnts 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 aecia formed 
normally. 

Thtls it app'ears that harberries that have been infected may not 
show any; VISIble sign of the presence of the rust for relatively long 
periods of time during cold weather, but pycnia may appear 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 pycnla also appeared on B. vulgaris near by. The 
weather then became cool. On May 23 aecia had formed on B. 
alesuthensis and were just appearing on B. vulgarii. It therefore 
required 20 days for the appearance or aecia, about four times as 
lon.g as usually is required under favorable conditions. 

From the data presented it would appear that in nature the rust 
may infect barberries about the middle of April, produce pycnia 
early in May, and develop aecia. the latter part of the month under 
the retardin~ influence of low temperature. This also would indicate 
that the tehospores are ready to germinate at the time of the first 
spring raills and that the barberries may be infected even while in 
the bud, although the infection may not become apparent for weeks 
if low temperatures prevail. In the field, infections occasionally have 
been observed on the leaf spines of escaped Cl)l)1mon barberries, indi­
cating that sporidia were being produced even before the leaves 
unfolded. 
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EFFECT OF LIGHT ON DEVELOPMENT OF AECIA 

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

AIL the plants used were moderately or heavily covered with pycnia 
at the time they were subjected to the various light conditions, and 
data were taken on the first appearance of aecia. 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 
appeared first on plants kept constantly in the light, in some cases 
they appeared equally early on those exposed to alternate light and 
darkness, and in two cases they appeared first in total darkness. It 
is thought, therefoi'e, that light exercises only an indirect influence. 
Plants kept in the darkness became etiolated, and the infected leaves 
were much distorted. Infection was far heavier 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.g 

TABLE IO.-Influe1Ice of light on deVelopment of aecia on Berberis vulgaris on which 
pycnia had been produced after inoculation with Puccinia graminis secalis 

Tlma required for formation of Recla, Time required for formation of aecla, 
and degree of Infection I and degree of Infection I 

.......-_e_ 

Series No. Series No. 

Alternate AlternateConstant Constant Constant Constantlight and light and light' darkness light! darknessdarkness darkness 

.---'-~.-

1_____________ Dall' Dall' Dall' 4_____________ Dall! Dall! Dav. 
H 0 11+ 5_____________ 10++ 9+ 11++L ___________I

3_____________ 6+ 0 6+ 6_____________ 13++ 0 I B-1­
10+ H+ 11++ 12+ 0 13+I 

,++. lloovy; +. moderata; +-, light; 0, none. 
'Constant light consisted of sunlight In the daytime and the rays from a I.ooo-watt Mazda lamp sus­

pended 3 reet Above the plants at night. 

CONDITIONS FOR LIBERATION OF AECIOSPORES 

The potential rOle of barberries in initiating rust epidemics de­
pends, of course, unCII the time they become infected, the number of 
spores produced mi them, and the distance to which the aeciospores 
are 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 Ii) states: 
"Moisture is necessary to induce rapid spore liberation. The great­
est activity takes place in a saturated atmosphere." This being 

•Melnnder. I" W. Op. cit. (See lootnote 6.) 

.. CIIAIGIE, J. 11. Op. cit. (Sec footnote 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, II. saturated atmosphere, prevails. The writer therefore made 
observations to determine the conditions under which the aecia open 
and discha!"ge spores most readily. Fourteen aecial cups of various 
ages were placed in II. Petri di&h, on the bottom of which was placed II. 

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 aecio. 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 tak<f)n from 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 cups 
to open and discharge spores. The results are given in Table 11. 

TADI,E H.-Influence of age of aecia on their opening and the subsequent discharge 
of aeciospores in a moist chamber I 

Aech\ Aeela 
Hours Hours 

in inSeries IAge 01 Series Age 01Accia moist Dis· Aecia moist Dis-No. ! IIcdn No. necincluun· Open- chnrg- cham- Open- cbarg­
ber ing ing I her ing ing 

spores ! spores 

D av·, Number Nllmbu l\"ILmbu Numher Dav·, Number Numbu Number Number L _______
15 5 3 3 3 37 5 3 '3 2 
18 5 3 '4 1 29 8 6 8 1 
22 7 :1 7 1 30 14 6 13 1 

L ______ _ 24 2 3 '2 0 32 13 6 13 2 
24 4 3 14 0 33 16 6 16 8,,"" I25 1 3 1 0 37 4 0 4 0 
:IU 6 3 '5 1 39 9. 0 8 0 
3; 7 3 17 0 

--~,~-".~ 

I Aeciosporcs 01 Pllcd"i. ~ramini. 8ecqli. only. 

I Cups crumbled without discharging spores, exccpt as Indicated in last coiumn. 


Aecia that. were 24 and 25 days old failed to eject aeciospores for­
cibly in the first series, while aecia 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 aecia 29, 30, 32, and 33 days old did 
forcibly discharge aeciospores in a moist. chamber. 

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

VIABILITY 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 aecia. After the rye was inoculated with the n.eciospores 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. 

TARLE 12.-EjJect of age of aeciosporea of Puccinia nraminill secalia on infection 
of Petkus rye 

Plants Plants 

.o\ge of aeci06POres (days) Age of aeciospores (days)

Inocu· 
 Infected ; lated 

--------1---1----" ---------1---,.---
Number Number I Number Number 

8..••_. __......______......... 31 16, 29.................._......... 25 6 
2(1.. __.... _._... _._._......... 25 6 29....__........_............. 30 9 

35 7 , 33. _______••.•._.............. 31 13 
37 o 
28 ~! ~~:=:::::::::::::::::::::::::: ~~ 5 
29 1 I i4. __..__..._................. 22 o~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I 

I 

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

When the plants of Petkus rye and Little Club wheat were removed 
from the incu blltors after inoculation with aeciospores, the hard, 
horny aecinl cups hnd been trnnsformed into a flocculent mnss of 
spores. Microscopic examination failed to disclose any germination 
at this time, Itnd the spores floating on the stu'face of distilled water 
failed to germinate two days Inter. It seems that these aecia crum­
bled and did not discharge aeciospores. The flecial chains sepctrated 
from one Illlotber and finally broke up without gel'mination of the 
spores. This phenomenon has been observed in aecia a month old 
or older and apparently is a sign of age in the necia. 

Uredinill were produced on 4 of 31 plants inoculated with 33-day­
old aeciospores from Hennepin County collections. Flecks appeared 
on leaves of 9 other plants. 

Using aeciospores from an unknown source, infection was obtained 
8, 20, 22, 28, and 29 days after the date of formation of the aecia. 
The numbers of pluJlts infected werc ns follows: 15 of 31 with 1 flecked, 
5 of 25 with 1 flecked, 5 of 35 with 2 flecked, 23 of 37 with 2 flecked, 7 
of 30 with 2 flecked, find 6 of 25 with none flecked, respectively. 

The Hcciosporcs in the foregoing experiments differed in their ability 
t.o infect Petkus rye, but infection occurred on this susceptible host 
with spores from aecia that were 46 days old. Thus, the chances for 
infection of grnins or gl'8sses are much greater than if the neciospores 
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were relatively short-lived, in which case they might be liberated in 
the spring at periods when no susceptible hosts were present and no 
infection would occur. vVhen the aeclospores are liberated and 
remain vinble 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 wou~d have been the sll.me under field 
conditions is not known, hut it S8ems logicnl to assume that in the 
field the aeciospores would not have lived so long, because, exposed to 
rain and dew, they probably would hll.ve germinated more promptly. 

PHYSIOLOGIC FORMS WITmN A SINGLE AECIUM 

Even if aeciospores nre successfully liberated from the aecial cups 
and dissemillllted, the question of their infective capacity still remains. 
Bll.rbelTies usunlly become infected from the near-by grains or grasses. 
Obviously, if bnrberries nrc infected with Il. vllriety or physiologic 
form of mst that will not attllck the gramineolls hosts nellr the bushes, 
epiphytotics will notdevelop near them, and it may be assumed thll.t 
the source of the barberry infection WIlS some distance away from the 
infected barberries. It is therefore important to know which vnrieties 
and physiologic forms predominate on the barberry in order better 
to understand the occurrence of rust in any year. 

There is a possibility, of comse, that hybridization may occur on 
bnrbcrries. It seemed desirable, therefore, to analyze the parasitic. 
capabilities of the spores within single aecial cups. For this purpose 
telia on Red Sask whent were used as the inoculum for susceptible 
barberries, and the resulting aeciospores 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 
Diyision of Cereal Crops and Disellses, Bureau of Plant Industry, 
stationed at University Farm, St. Paul, 1finn. He stated that the 
material WIlS the result of inoculation with nine known physiologic 
forms of P1lcci-nia grami-nis tritici, namely, forms 1, 18, 19,21,23,29, 
33,36,39, Imd with some unidentified material collected in the spring­
wheat re17ion. Some physiologic forms, e. g., form 21, produce 
telia rnpidly on Red Snsk, 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 
founcl to be vinble in April, when some of thebarbelTY inoculations 
were made. Two of the species, Berberis declinata o:typhylla and 
B. canadensis, were hel1yily rusted. Two cultures of Little Club. 
wheut were inoculated with neciospores from B. declinata oXlJphylla, 
and heavy infection occurred on the majority of the pilluts in both 
cultures. One culture WfiS giyen to Nl. N. Leyine and J. Nt. Wullace 
for identificfition. The writer identified the rust on plfiuts in the 
other culture. Levine und V{ullnce identified the rust given them ns 
a new fonn, P. graminis tritici form 51. The author found that the 
collection heideutified comprised a mixture of P. fJrarninis tritici forms 
18 Ilud 33. In VIrnllace's collection there wns evidence of form 18 also, 
although it WfiS not completely isolated und identified. These col­
lections or strnins were the result of inoculfition with fieciospores from 
a number of aecia. 

Four pot cultmes of Little Club wheat, one of Manchurian barley, 
and one of Petkus rye 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 a leaf. The SL'C 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. 
One 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 Petkus 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 leaf, then isolate the culture of rusted plants and identify thl3 
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 stmins, five physiologic forms of Puccinia graminis tritici, with It 

possible sL'Cth, were isolated, 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 tbe multisorous culture identified by Wallace and Levine, 
and forms 34, 36, and 52 appearing in the single-cup cultures identi­
fiedJ>y 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 
~reenhouse at the time it was identified, so the possibility of its hav­
mg been a contamination can not be dismissed entirely. 

TABLE 13.-Physiologic forms of Puccinia graminis tritici isolated from Berberis 
spp., inoculated wit~ teliospores produced on Red Sask wheat grown at Univer8ity 
Farm, St. Paul, l\Itnn., 19£8 

Number of times physiologic forms Indical':ld 
were isolated 

Rust 1Source of cultme Aecisl host strain 1----,;-----.,.---"7"--:---;---:---;-- ­

18 21 1 33 34 35 36 51 52 
i 

-1.-[--I---·I-n-.-d-ec-\i-ns-t-s-0-x-. ­
i{---I-l--1----1====== y

• sny sor •• ••.••••• phylla............. 2 '1 ...... ...... ...... ...... .•.•.. 1 ...•.• 
LC-Is •••..• I 1 I .............................. 

LC-2a ••.•.. I I 1 ••••••.••••••••••••••••.•••••• 
LC-2b 1 I 1 •••••• •••••• I 1 •••••.•••••••••••• 
LC-2c 1 •.••.. •••••• •••..• I I •••••.•••••••...•• 
LC-3s ••.•.. 1 I ...•.•.••..•••••••••••••.••••• 

Single cup ••.•••••••• D. canadensis....... I,C-3d I .••..• '1 ...... 1 1 .•.•••.••.•• 

LC-4c '4 .2 1 ..••.• .4 .••••••.•.••.••••• 

I'~:j~ I..~.~. ====== ====== ····i· • ~ ====== ====== ====== 
D-Ib I...... •••••1......I I •••••• •••••• 1 · '1 

1 LC~Littie Club whel\!; n~Odcrbrucker barley. Numbers refer 10 primary host; letters following 
numbers refer to rust ~t.rain from each host. 

I Identity not definitely estshlished. 
Identity of all but 1 octile cultures doubtful. 

• Identity of I of the cultures doubtful. 
I 
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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 secured by using single aecial cups. To be sure of having 
only one form present in the culture, it would be necessary to use only 
single chains of o.eciospores, or better still, single aeciospores from a. 
single aecial 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 that it was the result of hybridiza­
tion. The presence of two or more forms in the strains from single 
aecial cups mdicates 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 physiologic forms of 
stem rust that may be identified in the progeny of a single aecium. 

In the rust forms identified from these vanous 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 
physiologic forms were present. When several forms are obtainable 
from a single aecium 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 is 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 
differentials. Kubanka shows an X-type reaction to form 52, and 
Vernal is susceptible i 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, one 
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 host 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 Puccinia 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. 
'l'hose 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 material also WI18 used in inoculating the Red 
Sask wheat, so the possibility of their presence in the unknown 
material can not be excluded. 
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DISCUSSION 

It is evident fl"Om the foregoing experiments and observations that 
most of the species of Berberis tested are susceptible to Puccinia 
graminis. Susceptible species in general resemble Berberis vulgaris 
morphologically; those that did not 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 a number of 
factors: Age of teliospores, length of incubation perIod, temperature, 
age of barberry leaves, and moisture available for germination of 
teliospores. Teliospores a year or more old produced fewer sporidia 
than those collected in early spring, as judged by the baroerry infec­
tions. Teliospores kept cool and dry retained their ability to infect 
barberry for a year and a hulfi when exposed to natural conditions 
the spores lost their viability within a few weeks. Teliospores wetted 
continuously for 11 days germinated and the resultant sporidia in­
fected the barberry plants. This is significant in nature because teli­
ospores often are exposed to rains before the barberry leaves 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 
an ll-day peJ'iod of rainy weather, provided the tem:perature is 
favorable, for there may be a constant discharge of spOrIdia during 
this period. The telial material retains its infective power for some 
time, even when exposed to continuous moisture, and may retain it 
longer lmdet· conditions of intermittent rain. 

The minimum length of time n(lcessary for infection of bR\'berries, 
including ~ermination of the teliospores, formation and liberation of 
the sporidia, and the entrance of the sporidial germ tubes into the 
plants, was 41 hours when the teliospores were removed from the 
straw before 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 
a number of factors, the principal ones of which are moisture and 
temperature. It was found that teliospores do not germinate, pro­
duce sporidia, and cause infection readily at temperatures 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 fI:om 3 days at 31° C. to 15 days at 
8°. Moisture has very little effect on the degree of infection, and Slill­

light in the greenhouse aPJ?arently has only an. indirect effect. It 
probably is important prinCIpally in the hardening of the leaf tissues. 
If there is abnndant light, the tissues are likely to harden rather 
rapidly and the period of their susceptibility is shortened. When, 
on the other hand, there is relatively little li~ht, the tissues remain 
more delicate and the period of susceptibility IS 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 necessn.ry that conditions for infection be favorable when barberry 
leaves first unfold in the spring. It has been found, however, that 
leaves of Berberis vulgaris may remain susceptible 16 days after the 
buds unfold. Leaves of B. aetnensis may remain susceptible for 12 
days; actually this period probably is longer than that for B. vulgaris, 
as there were indications that leaves of B. cutnensis 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 is fairly long. 

Barberries often become infected quite early in the spring and may 
therefore encounter freezing temperatures. If such. temperatures were 
more harmful to the rust than to the barberry tissues, the amount of 
potential inoculum produced on barberries would be greatly reduced 
m the spring. It was found, however, that freezing kills the tissues 
of the host plant before it kills tha rust fungus. Barberries with a 
moderate development of pycnia on the leaves were kept 91 days at Il. 
temperature of 0° C., but when they were again placed on the green­t house bench the fungus was able to produce normal aecia. It is 
therefore ,apparent that the rust on the barberry can withstand tem­
peratures IlS low as those endured by its host. . 

After aecia are 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 aecia on 
the plants. This means, then, that the aecia may remain dormant 
on fairly dry leaves and resume activity when the air becomes moist 
enough to cnable the aecial cups to open and discharge spores. As 
the aeciospores are discharged only under moist conditions and ger­

'minate only in a moist atmosphere, the rust fungus can withstand 
tmfavorable conditions for some time in the necial stage. Under 
greenhouse conditions the aeciospores remained viable as long as 46 
days after the date of their appearance on plants of Berberis vulgaris. 

The results show that the aecial stage of Puccinia graminis is fairly 
well adapted to withstand the variable weather con.ditions so likely 
to occur in the barberry-eradication area in the spring.. There are 0. 

fairly long time and a wide range of environmental 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 t.hat hybridization between rust forms may occur on 
the barberry. The writer's results with cultures of Puccima graminis 
tritici from single leaves inoculated with individual aecial cups indicate 
that in telial collections containin~ more than one physiologic form 
there is a possibility of new combmations of the known forms. As 
mnny as four physlOlogic 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
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The work of Newton, Johnson, and Brown (14) and Stakman, 
Levine, and Cotter (17) on hybridization in Puccinia graminis 
involved making many cultures from sin~le 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 anyone culture. In the writer's results it was unusual to find but 
a single physiologic form present. This obvious discrepancy in the 
results may perhaps be explained by the fact that in the writer's 
experiments at least nine known physiologic 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, 
as 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. vulparis and susceptibility to P. graminis. 

Tehospores 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 temperatures higher than 26° 0., or if they do, they do so very 
rarely. 

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

Temperatures ranging from 12° to 21° O. are the most fa"loraLle 
for the germination of teliospores, infection of barberry bushes, and 
production of aecia. Freezing infected barberries killed the host 
plant before it killed the rust. 

Li~ht and moisture had no decided effect on the production of 
pycma or aecia, although there was some evidence that the absence 
of light may increase 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 a 5-hour 
period of exposure to a shower of sporidia in a moist chamber. 

On Berbp,ris 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 by single aecial cups, although 
the forms found were not the same in all cultures. In one case four 
physiologic forms were identified from such a culture. The telia used 
to inoculate the barberries contained nine or more physiologic forms. 
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