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A COMPARATIVE STUDY OF THE PARASITISM OF 

PUCCINIA GRAMINIS TRITICI AND 

PUCCINIA GRAMINIS TRITICI-COMPACTI 

INTRODUCTION 

A new biologic form of Puocinia graminis Pers., was found on 

club wheat and grasses in the Palouse district of the Pacific North

west in 1916, described by Stakman and Piemeisel (28, 29} and given 

the name, Puccini& graminie tritici-compacti. This· form was later 

found to occur also in the southern United States (30}. The exact 

geographic distribution is as yet unknown. In the South it is 

only known to occur in Alabama, Louisiana and south-eastern Texas; 

in the Pacific Northwest, only in the Palouse district and in Oregon 

It has never been found in the Great Plains area nor in the upper 

Mississippi Valley. No P. graminis tritici has yet been found 

est of the Rocky Mountains nor in the southern states where 

P. graminis tritioi-compaoti has been found. 

P. graminis tritici-oompaot~ resembles P. graminie tritioi 

more than it does any other biologic form. It has been shown to 

differ morphologically from P. graminis tritici in the size and 

shape of urediniospores (29, 31}. Those of P. graminis tritioi 

are elliptic to ovate while those of P. graminis tritici-compaoti 

are ovate to ellipsoid and slightly shorter than those of P. ~

inis tritioi. Parasitically they have been shown to differ 
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ohiefly in their aotion on a few varieties of Triticum vulga.re Vill. 

(30). Such varieties as Haynes bluestem, Minn. 169, Marquis, 

C.I. 3641 and Kubanka, C.I. 4063, all hard spring wheats, are highly 

resistant to P. graminis tritici-compactl but very susceptible to 

P. graminis tritici. 

The discovery of this form may be of great economic impor-

tance. It may explain to a large extent the diverse opinions as 

to the relative rust resistance of various varieties of wheat in 

' different sections of the country. Since the wheats commonly 

grown in the spring wheat area are resistant to this new biologic 

form it appears to eliminate the theory held by many that epiphy

totice of stem rust in the North are the result of spores blown up 

from the far South each spring. 

II An apparent correlation was noticed between the "hardness" 

of wheat varieties and their resistance to P. graminie tritici-oom-

pactl (30). The •ignificanoe of this is readily seen when we note 

that in the regions where this biologic form is known to occur there 

are grown the so-called "soft" wheats, while the "hard" wheats are 

grown in the regions where it has not been found. If this hould 

prove to be a true correlation, it would indicate strongly that 

this biologic form is the result of an adaptation of the fungus to 

the soft heats. 

It has been shown that relative softness or hardness of 

heats re to a large extent determined by climatic factors (14,18). 

If there proves to be a definite relation between the hardness of a 

heat and its resistance to this form, it is possible that the 

resistance also may be modified by climatic influences. This 
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question has an important bearing in breeding rust-resistant varie

ties. 

This apparent correlation is also very suggestive as to the 

probable basis for biologic specialization among the rusts and for 

rust resistance in wheats . 

From what has been said it is evident that it is of great 

economic as well as scientific importance to know definitely the 

degree of stability, the infection capabilities, and other important 

characteristics of the biologic form, P. graminis tritici-compacti. 

OBJECTS OF THE INVESTIGATION 

Stated briefly the objects of the work recorded in this 

thee is were: 

II ( 1) To determine further the constancy of the biologic form, 

P. graminis tritici-oompacti. 

(a) To determine the comparative infection capabilities of 

P. graminis tritici and P. graminis tritici-compact1 especially on 

varieties of heat. 

(3) To find more varieties, differing in degree of resistance to 

II the two biologic forms, hi ch mi ght be of value as differential 

hosts. 

(4) To determine in so far as possible the influence of climatic 

factors on the susceptibility of wheat varieties commonly resistant 

to P. graminis tritici-compact1. 

(5) To investigate further the apparent correlation bet een the 

har~ness of the common wheats and their resistance to ~. graminis 

tritic1-compacti in the hope of throwing some light on the question 

of the basis for biologic specialization and rust resistance. 
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MATERIALS AND METHODS 

whea.t. 

The work obviously involved the use of ma.ny varieties of 

These were obtained from several widely separated sections 

of the country, i.e., Minnesota., Kansas, Texas, Louisiana., Alabama, 

Virginia and Washington. 1 The Minnesota varieties were pure line 

&elections made in the Section of Plant Breeding, Division of Agron-

omy a.nd Farm Ma.na.gement, University of Minnesota. Some of the 

remaining varieties a.lso were pure line selections; others were not 

Inooula.tion results indicated a. relatively large percentage of mixed 

seed in several instances. 

A strain of P. graminie tritic1-oompact1, which was collected 

near Brundige, Alabama., in May 1917 and cultivated in the Plant 

Pathology greenhouse of the University of Minnesota since that date, 

was used throughout the experiments. 

The strain of P. graminis tritici used had been collected at 

the University Farm, St. Paul, Minnesota in the spring of 1916. 

Previous to its use in these experiments it had been cultivated on 

wheat for twenty-five generations. 

The methods employed were essentially the same as those 

described by Stakman and Piemeisel (29). The seedling"S were grown 

in four inch clay pots and thinned to ten plants in each pot pre-

.vious to inoculation. The first lea! of each plant was inoculated 

when !rom three to seven days old. The leaves were thoroughly 

1. For supplying the above varieties thanks are due to Mr. H.K.Hayes 
of the Minnesota Experiment Station, Mr. L. E. Melchers, Ka.nsas 
State Agricultural College, Mr. A. H. Ledigh, Texas Agricultural 
Experiment Station, Mr. C. W. Edg-erton, Louisiana Agricultural 
Experiment Station and Mr. E. F. Gains, State College, Washington. 
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wetted by rubbing them several times between moistened thumb and 

forefinger. Fresh urediniospores were then placed upon the upper 

surface of the leaves with a moist, flat inoculating needle. After 

inoculation the pots were put into shallo pans of wa.ter and covered 

with a bell jar for forty-eight hours. They were then removed and 

placed on the greenhouse benches. The plants were trimmed as often 

as necessary to leave only the one inoculated leaf. A high per-

centage of successful infection was secured in this way. 

Due to the close similarity of the two forms of rust used, 

every precaution was taken to prevent accidental infection. The 

two forms were kept in different sections of the greenhouse and in 

so far as was practicable only one form wa.e orked ith the same 

day. In fact the majority of the inoculations with P. graminis 

tritici-compacti were completed before any work was done with the 

other form. 

The rusts were tested at frequent intervals by inoculating 

varieties of known resistance or susceptibility and at no time 

during the work was there any indication that contamination had 

occurred. The strain of P. graminis trit1c1-compacti was grown on 

club wheat as a normal host and used for comparison throughout the 

work. Haynes bluestem, Minn. 169, was used as the normal host for 

P. graoinis tritioi. 

As a criterion for judging the relative resistance of a 

variety the character of infection used in all cases. No 

consideration was given to the number of uredinia as this is deter

mined to a large extent by environmental conditions during the 

period of infection and ie not necessarily an index to the resist-

J 

ance of the host. The number of uredinia may vary 1th the a.mount 

of inoculum, the relative percentage of viable spores used, and the 
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' moisture conditions during the fi.ret forty-eight hours after inocu-

lation. Marshall Ward (35}, Stakman (26) and others have shown, 

and anyone 'ho has orked with rusts will agree, that true resist

ance is an intracellular phenomenon and must be judged, except in 

cases of complete immunity, by the nature of the injury caused by 

the developing myoelium after infection has taken place. 

The early development of telia and the production of purple 

pigment on inoculated plants have been mentioned as indications of 

resistance of oat varieties to crovm ruet, (Puccinia lolii ~venae 

1 
McAlpine)(23) . These factors could not be depended upon in this 

ork, for telia often develop very early on many of the most 

susceptible varieties, and the productio~ of purple pigment was a 

constant and characteristic reaction of other very susceptible ones. 

RESULTS OF VARIETY TESTS 

Table 1 gives the results of inoculations on 72 varieties of 

wheat with the t o biologic forms of rust. 

under the name by which it as received. 

Each variety is listed 

The state number is 

given wherever it ie known and the varieties froru each state are 

II grouped together. The spring wpeats are listed first, the hard 

winter wheats next, follo ed by the soft inter varieties. In the 

third column each variety is classified according to its relative 

II "hardness". In making this classification the system described by 

Hayes, Bailey, Arny, and Olson (13) was followed. C., represents 

"corneous", s.c., "sub-corneous", S., "starchy", and S.S., "sub-

starchy". The inoculation results are given in the form of a 

fraction, the denominator indicating the number of plants inocu

lated and the numerator the number hich developed uredinia. The 

character of infection is always indicated. 
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No. 

1. 

2'. 

3. 

4. 

5. 

6. 

Table l - Resulte of inoculations with Puccinia ~inis tritioi-compaoti and Puccini& graminis triti~ 

on varieties of wheat 

Puccinia grauiinis tritici-oompacti Puccinia gra..minie tritici 
Relative Variety Type Source of Seed No. Character Character Hardness o. 

Resul t of of Result of of 
Trials Infecti on Trials I nfection 

Durum Division of Agron- Numerous minute (Speltz Marz) Spring c. omy & Farm Manage- _.Q. 4 
Q_ 1 Heavily flecked 

Minn. 337 ment,Univ.of Minn. 39 s harp dead areas 10 -
Durum 

_! do. 
(Mindum) do. c. do. 2 One leaf with a _Q_ l do. 
Minn. 470 20 few minute 10 

uredinia 

Royalton 
Small uredinia 

do. s.c. do. 26 3 With well defined 8 1 Heav y, normal 
Minn. 1037 26 hypersensitive 9 infection 

areas 

Poultofka do. s.c. do . 17 a Heavy, normal 10 1 do. Minn. 1164 18 infection I 10 

Bearded 
Bluestem 19 

Small uredinia.; 
9 Minn. 146 x do. S.S. do. 2 little or no l do. 

Preston 19 hypersensitiveness 9 

Minn. 168 

....! 
Highly resistant, 

Marquis do. s.c. do. 3 minute uredinia.; 1 do. 
Minn. 1239 28 sharp flecks and 8 . 

distinct dead a.reaE 
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Table I - Continued 

I I I 
-

I Puccinia. gra.minis tritici-compacti · Puc cinia. gra.m inis tritici 

No. Variety Type 
Relative Source of Seed 
Hardnes .No• Character o. 

Result of c;,f Result of 
Character 

of 
Trials Infection Trials Infection 

Turkey inter Division of Agron- Highly resistant, 

7. Minn. 578 x Spring s.c. omy & Farm Manage- ....! minute uredinia.; 10 

Fife Spring ment,Univ.of Minn. ao 3' sharp flecks and 10 l 

Minn. 165 distinct dead 
areas 

H avy, normal 
infection 

Turkey inter 

8. Minn. 529 x do. S.S. __.§. z ~ 
Fife Spring, do. do. l 

Minn. 165 
20 10 

do. 

- -~--

Barletta, 21 
Very highly resist· 

9. Minn . 1178 do. S.S. do. 15 ant, xtremely 45 5 
C.I. 3297 152 small uredinia, 47 characteristic 

do. 

minute dead areas 

Turkey 
j Uredinia small, 17 lQ. 

10. (Coe grove) Winter s. c. do. 3 distinctly hyper- l l Minn . 529 
30 sensitive 10 

--
I iQ Uredinia. medium 

11.1 Turkey do. s.c do. 2 
Minn. 829 30 in size, slightly 

subnormal 

do. 

I 

I 

12. Odessa 19 2 Heavy,norma.l .§. l 
Minn. 558 do. 19 infection 8 

do. 
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Table l - Cont i nued 

. 
Puccinia graminis tritici-compacti Puccinia graminis t ri t i ci 

Relative No4 Variety Type Source of Seed I No. Character o. Character Hardness Result of of Result of of 
Trials Infection Trials Infe ction 

Turkey Di vis ion of Agron- Uredinia small , 
_i Heavy, normal 

13. Minn. 829 x Winter s.c. omy & Farm Manage· 18 a little or no l 
Odessa ment,Un1v.of Minn . 19 hypersensitive- 19 infection 
Kinn. 642 ness 

Turkey Uredinia small 

14. Minn. 839 x do. s.c. do. 15 z with hypersensi- ~ l do. 
Odessa 

ss0< ) 20 tive areas well 10 
Minn. defined 

Turkey 
29 

Uredinia medium in 
15. Minn. 829 x do. s.c. do. 3 size; slightly 9 l do. 

Odessa 
sse(b) 

29 subnormal 9 
inn. 

Odessa Small to medium 

16. llinn. 643 x do. s.s . do. 
14 a uredinia; moder- 10 l do. 

Turkey 14 ately hypersen- 10 
Minn. 839 sitive 

Turkey Uredinia small 

Minn. 829 x do. s.c. do. 
17 z with hypersensi- 13 z do. 17. 

Odessa 19 ti ve areas we 11 17 

Minn. 559(c) defined 

Odessa 
18 

Uredinia medium 
1 

18. 
Yinn. 558 x do. c. do. 2 in size; slightly l do. 
Turkey 20 subnormal 9 
Minn. 839 
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able 1 - ontinue 

~ccinia gram1n1s tritic1-compacti Puccinia graminis trit1ci 
Relative No. Variety Type Source of Seed 
Hardness o. Character o. Character 

Result of of Result of of 
Trials Infection Trials Infection 

Kinn. 552 x Division of Agron- Small uredinia Heavy, normal 
19. Turkey inter c. omy & Farm Manage- 17 2' With hypers ens 1- 8 l 

Minn. 829 ment,Univ.of Minn. 18 tive areas well 8 infection 
defined 

ao. s. p. I. do. s. do. 17 a Heavy, normal .§. 1 do. 32766 19 infection 9 

21. Harvest King 
do. s. do. 20 2 do. _g l do. Minn. 643 20 10 

22. Malak of do. s.c. do. 19 2 do. .i l Minn. 918 21 9 do. 

33. Big Frame do. s.c. do. 17 3 do. 7 
1 - do. 

Minn. 1481 19 9 

Jones 17 10 24. Longberry do. s.c. do. 2 do. l do. 
Minn. 1478 19 10 

Turkey 19 2 25. N.K. & Co. do. do. do. 
Minn. 1488 

21 

Crimean Kansas State Agri- 5 
Extremely minute 

10 26. do. s.c. cultural College l uredinia; other l do. p 765 9 leaves heavily 10 
flecked 
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T&ble J. - uonli2 ____ 

1 Puccini a. gra.minis tritici-oompa.oti Puccini graminis tritioi 

No. Variety Type Relative Source of Seed No. Chara.ct er Hardness o. Character 
Result of of Result of of 

Trials Infection Trials Infection 
-~- - -

Variable; mostly 
Crimean Kansas State Agri- 15 3' 

amall uredinia. & 10 l Heavy, normal 
37. Kan. 1627 Winter c. cultural College 17 hypersensitive. I 10 

1 

infection 
A few normal I 
infections 

9 
Moderate infeo-

28 
Defiance do. s.c. do. 

15 2 do. ~ tion, slightly 
Kan. 373 16 . 9 ubnorma.l. No 

definite hyperM 
sens it 1 ve areas 

Medium to minute Good infection 
29. 

Def ianoe do. s. c. do. 18 2 uredinia; eha.rp 10 ~ though slightly 
Kan. 2122 20 hypersensitive 10 subnormal. No 

areas. Variable I hypersensitive 
area.a 

I 
Variable; small 

Defiance 17 uredinia with 8 Heavy, normal 30 do. s.c. do. I 2 sharp hypersensi- l Kan. 2123 17 . 9 infection tive area.a to nor-
11 ma.l infection I 

Alberta Red 15 
Extr mely minute 

31 do. c. do. Z' uredinia.; other 10 l 
II Kan . 2048 17 leaves heavily 10 do. 

II 
, flecked 

Uredinia medium in 
32 Alberta. Red do. s.c. do. 19 z size; sharp hyper- 10 l do. Kan. 2106 19 sensitive areas; 10 

variable . 

-11-



Table 1 - Cont i nued 

Puccini a gr a.mini s trit ici-compacti Puccinia grami nie tritici 

No. Variety Type Relative Source of Seed No. Character No. Chara.cter Hardness Result of of Result of of 
Trials Infection Trials Infection 

Kansas State Agri- 14 Variable; medium 
10 !Good infection Red inter z to minute uredinia l 33. Kan 2132 

Winter s.s. cultural College 17 with eharp hyper- 10 though sli ghtly 
sensitive areas subnormal 

Variable; minute 
Heav~ normal Red inter do. s. c. d.o. 12 3' uredinia with 11 l 34. Kan. 2101 16 hypersensitive 12 infecti on 

areas to normal 
infection 

35. Red Winter d.o. s. c. do. 13 2 do. 10 l do. 
Kan. 2102 17 10 

Minute uredinia; 
Red inter 4 other leaves heavi- §. 36. Kan. 196 do. s. c. do. 

9 
1 ly flecked. Sharp l 

I 
do. 

hypersensitive 9 
areas 

-
Turkey -1. Minute uredinia 

_j_ 
37. do. c. do. 2 and lar goe dead l do. Kan. 2026 17 areas 10 

38. Turkey do. s. c. do. 9 l do. 10 1 do. 
Kan. 570 9 10 

Variable; medium Moderate 1nfe06"l 
39. Turkey do. c. do. 14 z to minute uredinia 1 l tion, slightly Ka.n. 2098 18 with sharp hyper- 8 subnormal sensitive areas 
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Table 1 - Continued 

Puccinia. gra.minie tritioi-oompacti Puccinia graminis tritioi 

No. Variety Type Relative Source of Seed 
Hardness No. Character No. Character 

Result of of Result of of 
Trials Infection Trials Infection 

Variable; normal 
Turkey Kansas St.ate Agri- _i infection to minute 10 

Good infection, 
40. Winter s .c. 1 u;-edinia with sharp 1 slightly sub-

Kan. 2029 cultural College 10 hypersensitive 10 normal 
areas 

41. Turkey do. s.c. do. 11 z Minute uredinia., 1 l 
Heavy, normal 

Kan. 3039 distinct hypereen-
15 s i ti ve areas a infection 

Variable; minute 

42. 
Turkey do. s. c. do. 19 2 

uredinia with dis-
~ tinot hypersensi- l do. 

p 1082' 19 tive areas to 10 
normal infection 

Bela.glina. _i Minute uredinia, I 

10 43. do. s.c. do. 2 distinct hypersen- I l do. 
p 750 18 sitive a.reas 10 

Bearded Fife 25 
Minute uredinia, Good infection, 

44. do. do. 4 distinct hypersen- 8 l 
slightly sub-

Kan. 2094 37 sitive areas 9 normal. No hype:c-
sensitiveness 

17 
Variable; uredinia. 

Heavy, normal 
45. Cha.mpa.nka do. s. o. do. 3 medium in size, 10 1 

Kan. 1183 18 distinctly hyper- 10 infection 
sensitive 
Small uredi·nia, 

46. Kha.rko!f do. s.c. do. 
14 2 distinctly hyper~ 1 1 do. 

Kan. 3001 17 sensitive. Vari- 9 
able 
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Table l - Continued ---- , .... - '.- ~ -· ·· 

-

I 
Puccinia graminis tritici-compacti Puccinia gra.minis tritici 

No. Variety Type Relative Source of Seed No. Character No Hardness Result of of Result of 
. Character 

of 
Trials Infection Tria. le Infection 

Kansas State Agri- Minute to medium . 
47. Kanred Winter s.c. 17 2 uredini&, distinct _Q l 

p 762 cultural Colleg-e 18 hyp_ersensi ti ve 10 
Dead areaa at 
tips of leaves 

areas 

48. p 1066 do. s.c. do. 18 3 do. _Q 1 
I 

30 10 
do. 

49. p 1068 do. s.c. do. 18 4 do. _g_ l do. 
37 10 ' 

Variable; normal 
Romanella 15 infection to min- 10 50. do. c. do. a· ute uredinia with l 
p 1036 17 sharp hypersensi- 10 

Heavy,hormal 
infection 

tive areas 

Variable. Good 
Iowa Red 

\ 17 
infection; uredinia. 

10 51. Winter do. s.c. do. 2 medium in size, l 
18 slightly hypersen- 10 

p 706 sitive 

do. 

. I Variable; normal 

11 
infection to min-

_§. 
52. 

Pesterloden do. s.c. do. 2 ute uredinia; 1 
Ka.n. 1635 17 sharp hypersensi- 10 do. 

tive areas, numer-
ous flecks 

53. Hungarian 7 1 
Good infection; 10 l 

Kan. 2194 do. s.c. do. 
Q 

slightly subnormal 10 do. 
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Table l - Continued 

Pucoinia. gramini e trit1o1-compaot1 I Puccinia graminis triti ci 

No. Variety Type Relative Source of Seed I No. Char acter Hardness No. Character 
Result of of Result of of 

Trials Infection Trial s Infection 

Kansas State Agri 11 a 
.Minute uredinia; 10 l Heavy, normal 54. p 2141 inter c. cultural College 14 distinct hyper- 10 infection sensitive areas 

55. Kan. (Is )1644 do. c. do. 14 
18 

2 do. 10 
10 

l do. 

56. Kharkof do. s.c. Texas Substation 21 3 
Small uredinia, 10 l do. T.S. 1500 No.6, Denton, Tex 27 distinctly hyper- 10 sensitive 

57. Kharkof do. s .·s. do. 36 3 do. 10 l do. -T .S. 583 30 . 10 

Turkey _J_ 
Variable; very 

9 
Medium to large 

58. do. S.S. do. hypersensitive to - l uredinia, slight T.8. 1497 17 normal infection 10 ly subnormal 

Normal infection 
27 Minute to medium 

__£ on three plants. 
59. Crimean do. s.c. do. uredinia, dis- 5 Other Klants de-T.S. 1499 31 tinctly hypersen- 50 velope no ure-

si tive dinia; no flecks 

j 60. 
Bart gross-

do. s. do. 16 Heavy, normal 10 l Heavy, normal komegir 
16 infection 10 infection T.S. 1504 

Ferftson'e do. s. do. 18 3 
Variable; very 

~ 61. Med terran- hypersensitive, to l do. 24 10 ean normal infection 

Mediterran- ~ 3 
Good infection, 

l do. 62. ean do. 8. do. 3 slightly subnorma 
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b. r-

----
Puccini 1n1 tr1t1ci-co cti Puc cir:. ri ici 

V r1 ty Type R 1 t1v ouroe of Seed o. Char ct r o. E rdn •• R ault ot ot Result ot 
rial• In.tection Trial 

Tex • L 3 al inf c- 10 1 • E! • 709 1 r o.6, 17 10 

16 s 11 ur d1n1 , 10 o . o. a distinctly hyper- -- l o. n- 19 ns1t1v 10 
n 

a3 3 do. 10 l do. n- do. s. o. 
39 10 

~ l vy, no l 7 1 do. 0 o. 
0 1 f ection 9 

--, 
1-

do. 0 l do. 10 l o. 67 Red y 
10 10 

68 r u10 •t r do o. 1 do. lQ. 1 do. 10 10 

69. Purple o. 18 a do. t aw o. ao 9 o. 

70 . Gold. n d.o. o. 1 do. g do. 
10 9 
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Table l - Continued 

Pucoinia. gra.minie trit1c1-compa.cti Puccinia graminis tritici 

No. Variety Type Relative Source of Seed No. Character No. Character Hardness Result of of Result of of 
Trials Infection Trials Infection 

---
Alabama Winter s. Alabama Agricultur- 20 Heavy, normal 10 1 

Heavy, normal 
71. al Experiment Sta.- infection infection Bluestem 

tion, Auburn, Ala. 20 10 

Coppei as hington Agri-
20 20 72. ? S.S. cultural Experiment a do. 2 do. (Club wheat) Station, Pullman, 20 20 

ash. 
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Of the spring wheats tested, Mind.um and Speltz Marz, both 

durums, and Royalton, Y.a.rquis and Barletta, sho ed a high degree of 

resistance to P. graminis tritici-oompacti (Plates I, II and III) . 

The Turkey Winter x Fife Spring hybrids were also very resistant, 

while the Bluestem x Preston hybrid was only slightly so. Poultofka 

was very susceptible. All of these spring varieties with the ex

cep tion of Mindum and Spletz Marz were highly susceptible to P. 

graminis tritici. 

The hard winter varieties showed varying degrees of resist-

ance to P. graminis tritici-compacti. The majority of them ho -

ever were very resistant, especially those of the Turkey or Crimean 

group. The six Turkey x Odessa hybrids were moderately resistant, 

the type of infection in most cases resembling the more resistant 

parent. In two cases, Nos. 14 and 17, the hybrids showed greater 

resistance than the resietant parent. Only a few varieties sho ed 

any resistance to P. gra.m.inis tritici, three of which were, however 

highly resistant. These ere the Kansas varieties, (Kanred) P 762, 

P 1066 and P 1068. They developed no uredinia hen inoculated itb 

!:_. graminis tritici but were only semi-resistant to P. graminis II 
tr1tic1-compact1, developing minute to medium uredinia. These 

varieties have been previously reported by Melchers and Parker as 

resistant to "stem rust" (19, p.79). Concerning greenhouse tests 

of these varieties it was stated, "Among 150 varieties inoculated 

in the seedling stage and at heading time all were found suscepti-

ble except the three mentioned. On these, no uredinia ere formed 

either on seedlings or on older plants." Under field conditions, 

however, it is stated that from 5% to 35% infection was recorded. 

It would be of interest to know whether this difference in resist-
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ance wa.a due to better conditions for rust development in the field 

or to a different form of rust from the one used in the greenhouse.a 

Nearly all of the soft winter wheats from Texas, Louisiana 

and Alabama were susceptible to both forms of rust. The varieties 

of Mediterranean wheat from Texas showed a fair degree of resistance 

to P. graminie tritici-compacti. Carleton (4, p.161) mentions this 

group of wheats as being ttfairly resistant to rust.n This resist-

ance is perhaps one of the reasons why these varieties have found 

favor in this section. 

The variety listed a.s T. S. 1499 which was highly resistant 

to P. graminis tritici and semi-resistant to P. graminis tritici

compacti was found upon inquiry to be the same as the Kansas variet~ 

Crimean, P 762, having been introduced into Texas in 1914. 

THE CONSTANCY OF THE BIOLOGIC FORMS 

The difference in infection capabilities of the t o biologic 

forms was remarkably constant throughout all the tests. Of the 72 

varieties inoculated, 52 showed various degrees of resistance to 

P. graminis tritici-compacti. while only 13 varieties ga.ve indica

tions of resistance to P. graminis tritici. Inconsistencies occur

red in only a few varieties and these could undoubtedly be attribut-

ed to mixed seed. It will be noticed that those varieties which 

are resistant to P. graminie tritici are also resistant to E· gram-

~ tritici-compacti but not always to the same degree. Several 

2. Since the completion of this work a new strain of P. graminia 
to Which these varieties are very susceptible has been found by the 
Minnesota Station. 
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varieties, however, which are highly resistant to P. ~inis triti

ci-comP.acti are susceptible to E· gramini s tritici. {Plates I and 

III.) In all oases, those varieties whi ch show normal suscepti

bility to P. graminis tritici-compacti are also very susceptible to 

P. graminis tritioi. Only two varieties, Mindum and Speltz Marz, 

both durum wheats, were found to be highly resistant to both forms 

of rust. These facts would indicate that the two biologic forms 

are distinct and constant, E· graminis tritici-compacti being a 

more highly specialized form with a narrower host range. 

Although it appears to have been proven conclusively that 

one biologic form of P. graminis cannot be changed to any great 

extent by the use of bridging hosts or other methods (31), on 

account of the very sli gh t differences between these two forms, it 

was thought advisable to make an attempt to break down these differ-

encee by means of host influences. There are two methods by hich, 

theoretically this change could be brought about, (a) by the use of 

"bridging hosts" and (b) by the constant association of the rust 

with an uncongenial host. 

To test the ~irst of these methods ~ g;:aminis tritioi-

compac!l was grown for a number of consecutive generations on 

barley which is a common host for the two forms. From each gener

ation on barley, transfers were made to Haynes bluestem, Minn. 169 

~hich is resistant to P. gramini~ tritici-compacti. Diagram l 

shows the results of this experiment. After growing for eleven 

generations on barley the rust did not infect Haynes blueetem any 

more vigorously than it had at the beginning of the experiment. 

L. _______________ -2_0------~ 



Diagram 1. Reeul t of bridging experiment i th Puccinia. ~niJl~B tri t!_c~-:_qo_mpacti 

Puccinia. graminis 
tritic1-oompact1 

.....§.(2) 

10 

7(3) 
9 

~(a) 
9 

2.(2) 

10 
~(2) 

8 

~(2) 
9 

6(1) 9(1) 
B--B-8 9 

B - Barley, anohuria, inn. 105 
W - Wheat, Haynes blueetem Minn. 169 

C - Club heat , Brown Gloria 

~(a) 
9 

(1) Normal infection. 
(2) Extremely hypersensitive, minute uredinia and numerous flecks. 
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To determine the effect of constant association of the rust 

with an uncongenial host attempts ere made to propagate P. 2Taminis 

tritici-com~aotl continually on a single resistant variety or suc

cessively on several resistant varieties. 

11 Diagram 3 gives the resul ta of these attempts. In all oases 

the rust instead of increasing in vig-or appeared to become weaker a 

and for this reason, together with the decreasing amount of inoculum 

ran out entirely after a few goenerations. 

These results furnish additional evidence that the two 

biologic forms are constant and ell fixed, and that P. graminis 

tritici-compacti is not a mere variant strain of ~· graminis tritici 
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Diagram 2. Results of successive transfers of Puccinia graminie 

tritic1-compacti to resistant hosts 

10(3 ) 10( 3) 10( 3 ) 10( 3 ) 9( 3 ) 6(l) 
cwlO ---CWlO --CW- --CW- --CW- --W-11 10 10 10 

I µ_(:2_w2(:2_~· 
10 10 4 

Puccinia graminis 
tritici-compacti 

CW-
8(4) 1 (5 ) 0 

BF- --Ro- --W-
10 8 2 

2( 6 ) 0 
Bar- --Bar-

10 8 

10(4 ) 8{l) l(l) .J) 
Od.- AR- --Ro- --W=- - w:::-

10 9 3 l 

W ...•• Haynee blueetem, Minn. 169 
BF •... Bearded Fife, Kan. 2094 
Od .... Odesea, Minn. 558 
AR .... Alberta Red, Kan. 2106 
Ro .... Royalton, Minn. 1037 
Bar ..• Barletta, Minn. 1178 
CW .... Club wheat, "Brown Gloria" 

l Extremely hypersensitive; minute uredinia and numerous flecks. 
2 Medium to minute uredinia; sharp hypersensitive areas. 
3 Heavy, normal infection. 
4 Medium uredinia; sharp hypersensitive area.a. 
5 Extremely minute uredinia; numerous small sharp dead areas. 

(6 Extremely minute uredinia; numerous s mall sharp dead areas; 
one leaf with several fairly large uredinia. 

* This experiment was repeated several times ith t he same results. 

-23-



THE INFLUENCE OF CLIMATIC FACTORS ON RUST-RESISTANCE 

By referring to Table 1 it can be seen that a classification 

of the varieties according to geographic source classifies them 

also with remarkable accuracy in regard to susceptibility and re

oietance to P. gramini!_ tritici-compacti. There ie also a decided 

correlation between the hardness and softness of the wheat and its 

resistance and susceptibility to this form. There are, ho ever, 

a few exceptions to the rule. Again, the spring wheats as a class 

are more resistant to P. graminis tritici-compacti than the winter 

wheats. In general it can be said that, with a few exceptions, the 

hard spring wheats are resistant to P. graminis tritici-compacti, 

while the soft winter wheats are susceptible. {Plate II.) The 

hard inter varieties she varying degrees of resistance and euscep 

tibility. 

The possible inf luence of climatic factors on susceptibility 

and resistance to E· gramtnis tritici-compacti has been mentioned. 

It is important to know whether a resistant hard wheat from the 

North will become susceptibile hen grown in the outh, or converse

ly, if a soft susceptible variety will becowe resistant when grown 

in the North. If there is a true relation between hardness and 

resistance such a result could be expected. 

Sufficient data for drawing final conclusions on this point 

could not be obtained in the short time covered by this work. 

Perhaps the only method by which this question can be answered 

satisfactorily is to interchange the desired varieties between the 

North and South and keep them under observation for a number of 

years. Such an experiment has been begun by the Minnesota Experi-
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Barletta wheat was either a resistant one, unwittingly selected, 

or that it had become resistant as a result of being gro in 

Minnesota as a spring wheat, and susceptible as a result of being 

grown in Virginia as a winter heat. 

In the hope of determining hat had taken place, seed of all 

the previous crops of the strains of Barletta grown at the Minne

sota Station was obtained. Twenty-six seed of the original intro

duction were also available. Unfortunately only one of these 

latter seed ger~inated . The one plant, however, as ell as all 

those resulting from the seed of each of the succeeding years ere 

found to be highly resistant (Plate IV, fig. 2). These results, 

given in Table a, sho that this variety was resistant at the time 

of introduction and that it had not acquired the resistance as a 

direct result of cli atic influe1ces. More work ust be done, 

however, before definite conclusions can be drawn. 
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No. 

l. 

2. 

3. 

4. 

5. 

Table 2 - Results of inoculations with Puccin~~ graminis tritici-oompacti and Puooinia graminis tritic1 

on different strains of Barletta wheat 

Variety 
Puccinia graminis tritici-compacti Puccinia graminis tritioi 

and Type Source of Seed Character No. Cha.xa.cte~ No. Strain 
Result of Result of of of 

Trials Infection Trials Infection 

Barletta Province of Buenos 0 l Extremely minute 
C.I. 3297 ? Aires, Argentina* 1 dead areas 
1912 seed• 

Barletta Division of Agronomy Heavy, normal c. I. 3297 Spring _Q_ 10 
1178 & Farm Management, 3 do. l infection Minn. Univ. of Minn. 30• 10 

1914 seed 

Barletta 
C.I. 3297 do. do. -2. 3 do. 10 l do. 
Minn. 1178 30 10 
1915 seed 

Barletta 
C.I. 3297 do. do. -2. 3 do. 10 l do. 
Minn. 1178 30 10 
1916 seed 

Barletta A f e extremely min-C.I. 3297 do. do. __fil_ 15 ute uredinia., numer- 45 5 do. 
Minn . 1178 152 ous minute dead areas 47 
1917 seed 

-- - -----

• T enty-six of the original seed which were sent to the Minnesota Agricultural E.xperimP.nt Station in 1913. 
Only one seed germinated. 
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Table 2 - Continued 

) Puccinia graminis tritioi-compacti Puccini gr, mini• tri tioi Variety 
No. and Type Source of Seed -,-

No. I Char cter o. Char ot r Strain 
Result of of Result ot ot Trial Infection Trial Inf otion 

-

Barletta 
30 Heavy, normal 20 a Heavy, normal 6. C.I. 3296 Winter Arlington, Va. 3 infection 20 inf otion 30 Rod ro 982 

-Barletta 29 do. ao a do. 3 7. C.I. 3300 do. do. 
29 20 Rod row 985 

·-
Barletta 31 3 do. 19 a do. 8. C.I. 3300 do. do. 

31 19 Rod row 985 
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THE IMPORTANCE OF BIOLOGIC FORMS~ IN THE WORK OF BREEDING 
VARIETIES OF WHEAT RESISTA T TO STEM RUST 

The uee of rust-resistant varieties of wheat has long been 

recognized as one of the best _-methods of preventing damage by rust. 

In obtaining such varieties two general methods have been followed, 

namely, that of determining the relative resistance of the already 

existing varieties, and the production of new varieties by hybrid-

ization .. Several existing varieties have been shown to be more 

or less resistant, but this quality of resistance has not often 

been found in combination with other desirable qualities. Con-

eiderable work has been done in recent years in crossing these 

resistant varieties with more desirable types 1th the aim of 

securing a resistant variety of good quality. 

Heretofore plant breeders in this line of ork have con-

B idered resistance to stem rust of wheat as a single character. 

This, as we can readily see from the above results, is not a safe 

procedure, for a variety may be highly resistant to one of these 

biologic forms and very susceptible to the other. Resistance is 

specific for each form of rust and therefore more than one oharac-

ter has to be dealt 1th. The complexity of the problem is of 

course greatly increased with the addition of each ne character. 

It is obvious also that the plant breeder must kno with 

how many and with which biologic forms he ie dealing in hie vari-

ety tests. He must not only know which forms are present in the 

field nursery, but if hie work is to be complete he must make 

greenhouse tests of hie varieties with pure cultures of each of 

the biologic forms. 
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From the viewpoint of the plant breeder it is also extremely 

important to determine the exact limits of the geographic distri-

bution of each of these biologic forms. A kno ledge of all exist 

ing forms (see footnote 2), the infection capabilities, and the 

geographic distribution of each is essential to efficiency in 

breeding rust-resistant varieties of heat. 

RUST-RESISTANCE AND BIOLOGIC SPECIALIZATION 

Disease resistance in plants has long been a question of 

much interest. In recent years, however, it has become a problem 

of extreme importance. The use of disease resistant varieties 

offer in many oases the only apparent method for disease preven-

tion. The production of such varieties is becoming one of the 

most important problems of the plant breeder and plant pathologist. 

At present comparatively little is known of the fundamental oausee 

of disease resistance. It is, ho ever, very evident that a thor-

ough knowledge of the factors controlling resistance is necessary 

for the maximum efficiency in breeding disease resistant varieties. 

A considerable amount of experimental ork has been done 

to determine these factors and a revie of the literature on the 

subject shows that the phenomenon is a variable one and y differ 

idely with the various types of host and parasite. Stakman (25) 

has given a relatively complete revie of the literature pertain

ing to this subject; therefore only the most important papers will 

be mentioned here. 

Valleau (33, p.391), working ith the brown-rot of plume, 

correlates resistance with "(a) a thick skin; (b) the production oe 
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parenchymatous plugs which fill the stomatal cavity; (c) the pro

duct ion of corky walls in the lining cells of the stomatal cavity; 

and (d) firmness of fruit after ripening." 

Kinney (15), working with the same fungus also correlates 

resistance with the texture of the skin. 

Jones (14) sho ed that some varieties of potatoes are more 

resistant than others to certain potato diseases, and attributes 

the variation to chemical as well as morphological characters of 

the host . 
Massee (22) and others have attributed much importance to 

the influences of chemotaxis. 

Fulton (10), however, working ith several species of fungi 

failed to find evidence of any definite chemotropio sensibility to 

nutrient substances or other chemical compounds in solution. 

Cook and Taubenhaus (6) consider that tannin and other 

associated substances are important factors in resistance. 

Tisdale (32) describes the penetration of ilt-resistant 

flax plants by Fusarium lini and attributes the failure of further 

development of the fungus to three possible factors, "{a) The per- II 
manent chemical composition of the resistant plant may be of such 

nature as to be injurious to the fungus. {b) The protoplasm of 

the resistant plant may be more highly sensitive than t hat of the 

susceptible plant, thus reacting more readily in the production of 

those phenomena which cause wilt resistance. {c) The stimulat ion 

to ne cell divisions and the laying down of cork wa11s hich seem 

to serve as a barrier t o further invasion by the already eakened 

hyphae." 
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These few citations serve to substantiate the above state

ment that disease resistance is a variable phenomenon and differs 

with the host and parasite i nvolved. 

More work of this nature has been done with rusts of cereal 

crops than with any other plant disease, yet no satisfactory ex

planation for rust resistance has so far been offered. 

Anderson (1) states that the flinty, hard varieties of whea 

are more resistant to rust due to their high silica content. 

Comes (8), working ith wheat rust, concludes from observa

tion and analyses that the biochemical factor which enables plants 

to resist parasitic fungi is the acidity of the cell sap. 

Cobb (5) attempted to explain resistance of wheat to rust 

as due entirely to morphological characters of the host, such as 

small stomata, thick epidermis, waxy coating, etc. 

Ward (35), however, working ith the brown rust of bromes, 

proved conclusively that resistance was independent of any morph

ological characters of the host. 

Biffen (3) also concludes that morpholo gi cal characters of 

the hos t have no relation to the resistance of heat to P.glumarum. 

Bolley (3, p.182) holds that the phenomenon is a phyeiologi 

cal, rather than a morphological one, and states that, The facts I 
point quite clearly to the probable influence of chemical agencies, 

perhaps toxins, arising from the direct existence of fungus attack 

upon the host." 

Stakr.aan (26) has shown that when a resistant host is inocu-

lated with certain biologic forms of Puccinia aminis a limited 

number of cells near the point of infection are killed and the 

fungus fails to develop normally. In normal infection of a sue-
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ceptible host, however, the 

i njury t o t he host cells. 

fun gus grows vigorously without serious! 

This injury of the cells of a resistant 

host was te r med hypersensitiveness. The degree of hypersensitive-

nees was observed to vary in direct proportion to the degree of 

r esistance of t he host. 

Freeman (11, p.115) calls attention to the difference be

t ween d i s ease escaping, disease enduring, disease resisting and 

i mmune varie t ies, and states that, "The exact nature of t he cyto

logio forces which make possible or impossible a parasitic reaction 

are only partially understo~d •............ The possible role of 

enzymes in such inter reactions is suggestive and recent activity 

i n the study of enzymes from the standpoint of the biologist and 

chemis t bids fair to throw much needed light on cell activities." 

The work of Marshall Ward who first carefully investigated 

t he i nt imate relations between host and rust parasite and ho per

haps has done more work on this problem than anyone else, is of 

outstanding importance and is orthy of careful review. 

After proving that the morphological characters of t he host 

had no influence upon true resistance Jard (34) began a careful 

hi stologi ca l study of the phenomena involved in the infection of 

resis t ant bromes by Puccinia dispersa. He s ho ed that t he germ 

t ube gained entrance through the stomata in a normal manner, but 

instead of developing normally it either killed a f ew cell s and then 

disintegrated, or gre very slowly and never pr oduced pus t ules. 

In normal infection he pointed out that no immediate injury to the 

host cells was noticeable and that a fine adjustment bet een host 

and parasite, resembling a stat e of symbiosis, as t he res ult. 

A Wide rang-a in degree of resistance was found and he noted that 
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the reeistance varied inversely with the ability of the fungus to 

enter into this symbiotic relation with the host cells. He 

(36, p.151) explains this action ae follo "All evidence points 

tc t he existence in the cells of the fungus of enzyn-.es or toxins, 

or both , and in the cells of the host plant anti-toxins or similar 

substances, as a decisive factor in infection or immunity, althoug 

I have as yet failed to isolate any such bodies." 

Ward's histolo gical work has been verified by Ma.rryat (21) 

with Puccinia glumarum and semi-immune host plants, by Gibson (12) 

ith Uredo chrysanthemi and many hosts idely separated taxonomi

cally, and by Stakman (26, 27) ith several biologic forms of 

Puccinia graminis and hosts both partially and hi _hly resistant. 

arryat (21, p.137) in discussing her results concludes, 

" e are therefore forced to fall back upon the theory that immuni'tY 

to disease is due in these cases to the production of certain tox-

ins and anti-toxins by host or parasite or both, 

ally destructive. Gibson (12) concludes that 

hich a.re na.tur-

hen a rm tube 

enters any but the proper host a struggle ensues, resultin in the 

death of the parasite and a fe cells of the host. The nearer 

the plant to the proper host taxonomically the lon er ill be the 

stru gle. Stalo:.an (26, 27) obtained similar results ith the 

biologic forms of E· gra~inis and calls attention to the !act that 

the relations bet een plant and parasite in partially re i tant 

and almost totally immune plants are different in degr e onl . 

In further ork on the proble~ ard (35, p.372), in ttempt 

ing to detect the presence of toxins or anti-toxins, gen:linated 

urediniospores in leaf extracts of congenial and uncongenial hosts 

Concerning this experiment he states, "All atte~pte of this kind 
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were in vain , however, since vigorous spores germinate equally 

in extracts of the leaves of their own host-species and of their 

antagonistic hoet-apecies ....... .. ... The positive results do sho, 

however, that the failure of spores from B. mollis to develop I 
pustules on B. eterilis, for instance, is not due to mere exudation 

of some antagonistic soluble extract,--the antagonism must be due 

to something far more subtle than a mere soluble poison oozing 

from the cells." 

Thie work has been verified by the writer, but since it is 

possible that toxins or anti-toxins may be formed as a direct 

result of fungus invasion as suggested by Bolley (3) it ra.s thought 

advisable to make an effort to detect the presence of such sub-

stances in the immediate region of rust infection. 

the follo ing experiment was carried out. 

Accordingly 

Three varieties of heat showing varying degrees of resist-

ance were selected, viz., (a) Barletta, inn. 1178, highly resist

ant to P. graminie tritici-compacti, (b) bluestem, Minn. 169, 

semi-resistant to P. graminis tritici-compacti, (c) Brown Gloria 

(club wheat), very susceptible to P. graminis iritici-compacti. 

All three varieties are very susceptible to E· graminis tritici. 

Ten plants of each of the above hosts ere inoculated 1th the 

t o forms of rust. 

lated as checks. 

Ten plants of each vari ty ere left uninoou

After t elve days the plants inoculated ith 

P. graminis tritici were all developing large, normal uredinia, 

but of those inoculated with P. graminis tritic1-compacti only the 

club wheat was sho ing normal infection. On the bluestem inn. 

169 there ere a fe minute uredinia and numerous distinct flecks, 

hile on Barletta there e no indication of the development of 
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uredinia, merely a few extremely minute dead areas. 

Late in the afternoon of the twelfth day after inoculation, 

these infected areas and also an equal area of the uninfected 

plants were carefully trimmed out, put in separate test tubes, 

placed out over night and allo ed to freeze. The temperature wa.e 

well belo zero, (Fahrenheit). Early the follo ing morning each 

sample was thoroughly ground in a mortar ith the addition of one 

c.c. cf distilled water. Thie liquid extract was then filtered 

under pressure and from each sample hanging-drop plantin ere 

~ade ith urediniospores of each of the t o rusts. These plant-

inga ere made in duplicate and check plantin 

made in distilled water. 

of each rust . a 

The germination of the spores was tched at fre uent in-

tervals for twenty-four hours after planting and note taken on 

each set. Germination s complete in the entire seri s after . , 
about seven hours. After this ti~e the rm tubes ce ed to 

gro , becair.e vacuolated, sorue cat t t d and a f e ho ed ei 

of disintegration. Thie deterioration of the ge tube 8 

general for all me bers of the series and no appreciable differ

ences in this respect could be detected bet en the 1nd1v1 ual 

plantings. The notes ere tabulated and a study of the 0 d 

that, although there s considerable variation in the percent 

of germination and in length of rm tubes, there s no correl -

tion ith the resistance of the host fro~ hich the e ract 

made. 

This experiment gives no evidence that there is a toxio 

substance secreted by ~ resistant host in response to r t inf c-
' 

ti on. 
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Ward, being unable' to demonstrate the presence of toxina 

and anti-toxins in resistant hosts to uphold hie hypothesis, con

tinued his investigations further, approaching the question from 

a slightly different viewpoint. He states the proble~ as follo 

(36, p .139 ). "··· ...•.. The evidence suggested some such assump-

tion as the following. The fungus when growing on a species of 

Bromus A, may refuse to infect another species B, either because 

B secretes some body of the nature of an enzyme or anti-toxin 

which effectually keeps the mycelium of the fungus at bay, or 

because the fungus habituated to the peculiar nutritive or other 

conditions afforded it by the host plant A, cannot immediately 

adapt it elf to the very different conditions offered by the 

species B. Although the attempts to isolate any such anti-toxins 

failed and experiments of a preliminary character to test the 

effect of differences of nutrition yielded nothing of a positive 

nature, I sho ed in a discussion of the factors concerned that so 

subtle relations between host and parasite must be assumed to 

account for the curious facts of immunity and predisposition on 

the part of the former and capacity and incapacity for infection 

on the part of the latter, in each case in various degr es accord

ing to the species of host offered for infection or on hich the 

fungus had hitherto been reared .........•. If the varying infective 

po er of the fungus towards different speci a of host plant i• 

solely from the 'nutritive conditions' afforded it by the hoet

plant it has been gro ing upon, t o cases are possible--(1) these 

'nutritive conditions' m.ay be simply the expression of the po er 

of the tissues to yield certain food-substances to the para.site 

in the proper proportions and in sufficient quantity, or they may 
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imply some more subtle relations between the mycelium of the fungus 

and the living contents of the host cells. For instance it may be 

not sufficient that the food substances suitable to the fungus 

should exist in the cells of the host, but that they must be there 

in a certain superabundance or be presented in a certain manner 

and so on; or it may be that the fungus must be vigorous up to a 

certain standard b~fore it can obtain a hold on such food and so 

on." 

Working under these assumptions he performed numerous exper 

iments to test the effect of mineral starvation on resistance and 

sus ceptibility. From these experiments he concludes (36, p.145) 

that,"Lack of minerals in no way secured immunity from infection 

though seedlings deficient in phosphorus or in nitrogen tended to 

sho retardation of infection." Failing to find any satisfactory 

evidence from this ork, be again falls back upon his toxin and 

anti-toxin hypothesis. 

Similar results on the effect of mineral ele~ente on sus

ceptibility and resistance to E· gf_aminis have also been reported 

by Stak:J:nan (26). 

Finally ard (37, p.38), in his last published ork on this 

problem describes the development of hyphae of P. glumarum in a 

resistant heat as follo "In short these hyphae show evident 

signs of degeneration in all respects, and e conclude, from com

parison with experimentally starved hypbae, that they are under

going death-changes o ing to one of t o event , viz., they ar 

either starving from the want of food supplies or they are being 

Poisoned." 

Concerning the nature of the "experimentally starved 
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hyphae," hioh ere obtained by keeping previously infected leaves 

in a carbon dioxide free atmosphere, he reruarks (37, p.41). "The 

phenomena--etarvation of hyphae in a nest of dead cells, or the 

corrosion of cells beneath the spores sown on a leaf--are similar 

in all these caeee to what occurs on the so-called i mmune plants 

we have dealt with ." 

Thie comparison, ho ever significant it may have appeared 

to Ward, wa.e not sufficient to cause him to discard his previous 

hypothesis which he restates in this paper (34, p.21) as follo 

"In other words, infection, and resistance to infection, depend on 

the power of the Fungus-protoplasm to overco~e the resistance of 

the cells of the host by means of enzymes or toxins; and recipro

cally, on that of the protoplasm of the cells of the host to form 

anti-bodies which destroy such enzywes or toxins, or to excrete 

chemotactio substances which repel or attract the Fungus-proto

plasm ." 

Thie hypothesis in the light of our present knowl dge of 

biologic specialization and from observations ma e during the 

course of this ork, is very unsatisfactory. 

It is unsatisfactory, first, because no one has yet been 

able to demonstrate the existence of either toxin• or anti-toxin 

in the plant cells or fungus. ard a itted that h unabl 

to d tect any such substance in the le f extract of r si tant 

hosts and the writer has verified this and has also been un ble to 

detect any substance toxic to germinating spores in extract from 

leaves of uncongenial hosts in the immediate region of inf ction. 

In the second place, these toxins or anti-toxins, if they 

should exist, ould necessarily have to be specific for each for 
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of rust , el se we couid not account for such phenomena as e find 

with the biolo gic forms described in this paper .here a given host 

i s hi ghly resistant to one form and very susceptible to another. 

Mo reover, since it has been shown that the phenomenon of 

r esistance is t he srune in hosts partially resistant and in those 

hi ghly resistant (27, 21) e must assume that these toxins or anti

toxins a r e present in all plants, even those idely separated tax

onomically from the type host of the rust. ould have to as

s uzne t hat all plants possess this peculiar substance except those 

f ew spe cies hich are susceptible to the rust. 

Our inability to account for specific toxins in all these 

cases and our present knowledge of biologic specialization in rusts 

to gether With facts observed in t he prsent ork, strongly indicate 

t ha t rust resistance is no t a phenomenon involving toxins and anti 

toxins but , viewed in the li ght of recent researches in ster ooh m 

is try a nd enzyme activity, is rather one of specific food relation 

i.e., a specificity of food require~ents on part of the fun and 

a specificity of food production on part of the host. 

This hypothesis involves t o assumptions. First, that 

each biologic form of rust has a specific food requirement and, 

se cond, that the products of cell metabolism are specific for each 

species and variety of host plant. 

As evidence in behalf of the first ass ption sever 1 

examples of known pecificity of food require~ent mong fungi may 

be mentioned. The classical example of the specificity ot th 

action of Penicillium glaucum in relation to dextro-, levo-, and 

racemic-tartaric acids first demonstrated by Pasteur in 1861 is 

'Well known. Dextro- and levo-tartaric acids di ffer only slightly 
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i n molecular configuration, having the follo ing structural 

formulae : 

COOH !'.:OOH 

t1 

H1~~~....+~~~0H 

COOH COOR 

Dextro-tartaric acid. Levo-tartaric acid. 

These formulae, it will be noticed, differ only in the 

rela tive arrangement of their component units, one being the mirl'Qr 

i mage of the other. 

Racemic-tartaric acid consists of a mixture of these t 

a cids i n equimolecular proportions. If a dilute solution of 

racemic-tartario acid is exposed to the action of Penicillium 

gl aucum, the acid is split, the dextro form being consumed hile 

t he levo form remains in solution. 

Later workers have shown numerous instances here the dextro 

forms of glucose, mannoee, ga.lactose and fructose are consumed by 

various kinds of micro-organisms bile the levo forms are not 

aff ected. When Penioillium glaucum acts upon mandelic acid 

(racemic), however, the levo form is consumed and not the dextro. 

On t he other hand, when the same solution is acted upon by Sac

cbaromvces ellipsoideus the dextro form but not the levo form is 

consumed. 
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This selectivity and specificity sho m by many species of 

f ungi is to a large extent explained on a basis of enzyme action 

t he speci f icity of which ie too well known to discuss here. 

Dox (9) who has made a careful study of the enzymes of 

Pen~~111 ium and Aspergillus calls attention to the marked chemical 

and phys iological differences in strains of Penicillium ans ering 

t he same morphological description. Numerous cases of specific~y 

are des cribed and in regard to the constancy of this action he con 

eludes t hat, "There is no evidence that enzymes not normally found 

by the organism in demonstrable quantities can be developed by 

spe cia l methods of nutrition." 

Schellenberg (24) also describes t o strains of Penicillium 

gl auQum hich are morpholo gically similar but sho marked speoi

f ici ty for different hemicelluloees. Several other fungi are 

als o described showing a corresponding specificity of action on 

hemioellulose. 

Many similar examples involving sli ght differences in mole-

cular conf iguration could be mentioned, all of which point to a 

specif ic relationship bet een t hese differences and t he protoplas

mi c structure and nutritive mechanism of t ne organisms. 

It is interesting to note in t his connection the recent 

ork of Knudson (6) in whi ch he sho t hat galaotoee and mannose 

are toxic to certain green plants, while glucose, ucrose and 

other sugars are readily assimilated. 

Just what t he specific food requirements of the biologic 

forms of stem rust under discussion are, is of course not kno 

and perhaps will never be kno until e understand better the 

intimate metabolism of the plant cell or until e succeed in 
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growing rusts on artificial synthetic media. Whatever they may 

be, from our general knowledge of obligate parasitism we are justi~ 

f ied in assuming that they are more specific than those of facul

ta ti ve parasites or saprophytic fungi. 

That the required food is an intermediate product of cell 

metabolism and is a carbohydrate, or some substance closely relat 

to the carbohydrates, is strongly indicated by the fact that the 

rusts ill not develop on a host deprived of its carbohydrate 

supply, while mineral starvation has no appreciable influence 

their development . This was shown by ard (37) for E· glumarum 

and by Mains, (20) for f. sorghi and E· coronata, hose ork has 

been verified in part by the riter with the biologic forms of 

E· ~inis . 

As evidence to justify the second assumption it is only 

necessary to refer to the work of Reichert (25) on, nTte differ

entiation and specificity of starches in relation to genera, 

species, etc." In this ork Reichert proves conclusively that 

starches exist in plants in different stereoiso~eric forms that 

are specifically modified in relation to varieties, species and 

genera. In his omi ords, "The history of starch from the moment 

of the utilization of carbon dioxide and ter to form an aldehyde, 

through the various steps of synthesis of monosaccharoses, disac- I 
charoses, and polyeaccharoees to the ultimate appearance of starch, 

and the reversal of these steps hen the starch is consumed as 

food, is upon logical grounds conceived to be one of continuous 

and consecutive enzyme action. The enzymes synthesize starch 

and its precursors and no other substances, because they can build 

up only such chemical structures as have conf iguration complement-
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ary to themselves, each tending naturally to build those forms 

hich have the closest configuration; and like ise each analyzes 

onl y such substances as have the same stereochemic relationship. 

I f , as stated, protoplasm uses only such organic substances as 

have a complementary stereochemic form, it follo1S ae a corollary 

that starch has a corresponding configuration, and that if starch 

has s uch a conformable structure so must have the enzymes that 

produce it. In other words every enzyme formed by any given 

p r otoplasm is specifically produced to carry out operations hich 

are directly or indirectly essential to the existence of proto

plasm itself and must ipso facto bear a stereoohemic relationship 

to its mother substance; therefore, protoplasm, enzyme, and product 

have in common the same fundamental stereochemio peculiarities. 

I n fact as the results of t hese researches go to sho , very 

s ynt hetic organic substance produced by any given rotoplasm 

t hrough the agency of its enzymes has a configuration in agr e ent 

with that of the protoplasm. If, as must be admitted, correspond 

ing kinds of protoplasm in different organisms ditfer, the corr -

spending synthetic etabolites ill differ, and conversely if the 

latter differ so must the f orme r. Hemoglobins hich are oorre

epondin substances have been sho to differ in specific rel tion-: 

ohip to genera and species; and the ea e extraordinary pheno enon 

has been brough t to li ght in reepeot to starches." 

In this ork the starches of over thre hundred species 

of plants ere studied and abundant evide nce is presented to 

justify the bove statement. It is of im ortance to note in 

t hie connection that Reichert (35~ p.376) on the basis of starch 

peculiarities has divided the type hosts of the biologic forms of 
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Pu~~inia grawinis into t o distinct groups corresponding 1th th 

classification of the biologic forms on the basis of parasitism 

by Stakman and Piemeisel (29, p.492) and on morphological char c

tere by Stakman, Pi~meisel and Levine (31). 

In addition to these two assumptions it is necessary to 

ex lain the injurious effect of the invading fungus on the cells 

of resistant plants. Thie is explained by the ell known fact 

that fungi on being starved secrete an exc ea of enzymes. Is it 

not logical to assume that it is these enzymes, secreted by the 

fungus only when it fails to find abundant, readily available food 

which are injurious to the plant cells? A parallel case is that 

described by Cooley (7) in hioh Solerotinia cinere~ secreted a 

cellulose hydrolyzing enzyme hen grown on filter paper 1th no 

other nutrient supplied but when small quantities of peach juic 

or other soluble carbohydrates such as glucose as added no cellu

lose hydrolysis occurred. 

1th this evidence for the justification for the above 

assumptions the follo ing hypothesis is offered to explain the 

facts of resistance as observed in this ork and in th t of pre-

vious orkere: 

Each biologic form of rust has its s ecifio food re uire

mente, conforming ith the ~olecular configuration of its proto-

plasm. Thie food, which is in tu n specific in rel tion to the 

protoplasm hich produces it, is found only in a limited number 

of host species. en a given biol<?_gic form of rust invade a 

plant which does not contain this specific food t~e fungus conse

quently dies _of starvation ana in this proc es of starvation 

secretes an enzyme hich is in urious to the 
-~---~~~~ 

1th 

comes into contact . 
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Thie hypothesis ould seem to explain the observed facts 

better than any previously offered. It does not require the 

assumption of the universal presence of specific toxins and anti

toxins , the existence of hich e have no evidence, not even in 

r es i stant hosts in the immediate region of infection. On the 

other hand there is abundant evidence to justify the assumption 

of specific food relations bet een host and parasite. 

Thie hypothesis is offered to explain not only the facts 

of res i stance but also those of biologic specialization, t o prob

ably i dentical phenomena. A study of the behavior of the biologic 

fo r ms described in this paper shows clearly that no distinction 

can be made between the t o phenomena on a basis of causal factors. 

SUMlURY 

1. Puccinia g:raminis tritici-compacti is a distinct and con

s tant biologic form hich cannot be changed easily by host 

influences. 

Z. The infection capabilities of the t o for s studied on 72 

var i et ies of heat sho t hat: (1) P. graminie tritici-compacti 

has a narro er host range t han does P. grar:..inis triticl, (2) as a 

r ule the hard spring wheats are resistant to f. graminis tritici 

oompacti, while the soft wint er heats are susceptible, (3) th 

hard winter heats show varying degrees of resistance to P.gramini 

trit1c1-compacti, and (4) neither of these groups of wheats as a 

class are resistant to E· g;aminis tritici. 

3. Barletta Yinn. 1178, rquis inn. 1239, Royalton i nn.1037 

a nd Haynes blueetam inn. 169 are hi ghly resistant to ~· gramint~ 

tritioi~compacti, but very susceptible to P. ~ramin~~ tritici. 
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The three Kansas varieties, P 762, P 1066 and P 1068 are highly 

resistant to P. graminis tritici but only semi-resistant to 

E· graminis tritic~-compacti. These seven varieties are valuable 

ae a means of differentiating the two biologic forms . 

4. Sufficient data. are not available for dra ing conclusion 

on the influence of climatic factors on rust res istance. Obser

vations on certain varieties indicate, ho ever, that climatic 

influences have little or no direct effect on resistance or us-

ceptibility to E· grarninie tritici-com a~ti . ~ 

5. A thorough knowledgoe of all the existing biologic foI'II!S of 

E· graminis, including the infection capabilities and exact geo

graphic distribution of each, is extre~ely important in breeding 

varieties of wheat resistant to stem rust. 

6. The follo ing hypothesis is offered to explain the phenom 

of rust resistance and biologic specialization in rusts: "Each 

biologic form of rust has its specific food require ents, conform

ing with the molecular confi~ration of its protoplasm. This 

food hich is in turn specific in relation to the protoplasm hioh 

produces it, is found only in a limited number of host species. 

When a given biologic for~ of rust invades a plant hich does no~ 

contain this _!pecifio food th fungus conse ~entl dies of tarva

tion and in this process of starvation secretes an enzyme hich is 

injur~ous to the plant cells it comea into contact. 
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PLATE I 

(A) P. graminie tritici-compacti and (B) P. gramini~ 

tritici on 1. Club Wheat (Brown Gloria), 2. barley 

( anchuria inn. 105), 3. Haynes bluestem inn. 169, 

4. Royalton Minn. 1037, 5. Marquis Minn. 1239, and 

6. Barletta inn. 1178. 



PLATE I 
~=========================== ==ii 

A 

1 2 3 4 5 6 

B 



PLATE II 

P. graminis tritioi-oo aoti on (A) varieties 

of soft winter wheat, 1. Fulcaeter, a. Purple 

Straw, 3. Red ay, 4. Golden, and (B) varieties 

of hard spring wheat, 1. Marquis, 2. Royalton, 

3. Mindum (durum), 4. Speltz arz (durum). 



A 

1 3 4 

B 

1 2 4 
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PLATE III 

Fig. 1. (A) P. ami~l~ tritici-com..P_acti, and 

(B) P. graminis tritici on Barletta inn. 1178. 

Fig. 2. (A) f. graminie tritici-compacti, and 

(B) P. graminia trit1c1 on Marquis inn. 1239. 



PLATE III 

A B 

Fig. 1. 

B 

Fig. 2. 
l'==================:===== 



PLATE IV 

Fig. 1. P. graminis tritici-compacti on three 

strains of Barletta heat from Arlington, Va. 

All very susceptible. Fig. a. P. g;aminis 

tritici-compact i on Barletta, Minn. 1178 from 

(A) from seed grown in Buenos Aires, Argintina, 

1913, B, C, D and E, from seed grown at the 

Minn . Exp. Station in 1914, 1915, 1916 and 1917 

respectively. All highly resistant. 



PLATE IV 

A B c 
Fig. 1 . 

A B c D E 
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