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Leaf rust of wheat, Puccinia triticlana . ^rlkss., an obligate

narasite, Is one of the most destructive wheat dleeaees. One-

hundred and s ixtv-three physiologic races are recognized (9).

These races are differentiated on the varieties Malakof, Democrat,

f'editerranean. Hussar, Loros, Hrevlt, Carina, and ebster. As

resistant varieties offer the best means of control ( todlei are

In prepress at Kansas State College to determine the 'c

factors present In these differential varieties an manner e

tranrferrinr; these factors into the Kansas acr id winter

at varieties, Pawnee and ttohlts* This thesis Is a part of

that study.

Chester (1) reviewed the history, life cycle, economic

ortance, symrtrms , cause, and physiologic specialization of leaf

it as well as the environmental factors affecting Its survival

and development. In addition he presented the studies of Inherit-

ance cf resistance published prior to 1940. The majority of these

studies Indicated that leaf rust resistance was Inherited In a

simple ?*endelian manner —- the genes bslng completely dominant,

incompletely dominant, or recessive depend upon the race or

race groups used In the tests* / single factor i

Mstance to several races. Chester stated the in

56, and Wiener in 10?4, found trans ve serrefration for

leaf rust resistance in crosses of two susceptible varletir



Indicating that recessive factors were r Te for resistance

and that inheritance could be ex as be' 9 to ruiltiple

factors.

The reaction of the differential varieties, Pawnee, and

icblta to eight physiologic races of leaf rust an^ the res\ilts

of Inheritance studies at Kansas State College are summarized in

Tables 1 and 2 respectively.

Table 1. Enaction of differential varieties, Pawnee, and vichita
to eight races of leaf rust used in inheritance studies
at Kansa be College.

Variety and •
i Phvslolc Hnce

timber l6 : Jf § U t lo : IS • 1 ,

4

: &8 :166

Malakof 489G 4« 4 4 1

ocrat ?778 4 -' 0-2+ 4 4 4 4

Mediterranean 7780 4 0-1 1-2 4 4 4 4

Hussar 7756 0-2+ 1-2 + 0- 0-1 1 l flj 2-

Loros 34 0-1 4 7- 0-1 4 •• 9 •'

Brevit 7779 0-1 l-~ ?-4 0-1 2 2+ 4-.' 2

Carina H 1-2 2- 4 1

Webster 4845 0-1 4 1-2+ 4 4 1 1

Pawnee 11669 4 0-1 0-1 4 1 -1 4 4 4

shit* 11 4
"

4 4 4 4 4 4
»»w„*.v.»w V.M.WM **vm win i a' >-u "cviBiun ua wo inisma uiuna

i

lster of Physiologic laces of Leaf Hust (8) and records of
the Kansas State College cooperative wheat breeding project.



m

y
m t£>

1
iH e
08 •H
•s
p
G *• *H a
E

CD p
r-< O r-4 iH aa • • •n M • • T5 O

<M O CNJ •P OJ 00 • -
<.

1

V* • • n •• •• A' rH a•H
r-< H t- C&C*0 «• o «H p © *»^

p r-t

a*
6i

E
LOCO

tC
r-4 ••

M ••H

*
Hw

O O 1-4H tO •• *""«»

r-»
•

g

a

«H

1

• •

CO
5
a

w
••

10

H
o a r-t • *

/ 03 t> v_^ H OH © «rt 03 H a
: £ • • ^ •• • » •• r •• •Hn o
H ,C | •a

p ©
M • • ••

Pi (3 CO
•• 6H O |H

•0 - .

H <tf M t> a
£5••

H 13

w
J6 ••

CO

••

O «H

vi »H
iH

«H
P
i

P

•

M
00

a
c

P 1 M
H
••

CO
••

P
CO

a
©

|D

••

O ©
p a

~; 0", • • a
•aM

( .

O

»•

H
••

• •
a
-p

••

c-
5
u

la

a •• O
r+

M
• •>

a
•c
© vl CO r-t r-» r-l ••

• • • • •• X i-i « 00

02 vH •»

c:
H
r-1

v. H
•• ••

•3 3 a
M
••

H
CJ
• •

r-«

••
r-4 H

1 a 8»S
i

C3

a
•«-! © c; cP © E l

St

fit

and

Pasn

P
03

£
E
a

J
1

E

ap

1
ICD
i

a
©

I

lla
a
»

O
4a
a
r-i

a
;

-.

©

a
©

P
a
E

M K x
M U P

CO U
M K X K

ri *_
N

aH
c

O

&

a
1

J*
O
O
I
©

aP
CO

.c
a

c
a
c
*-<

a

p
v-t

>
©

a
c

h
a

O
E

©
•p
a |I

so

1



/

4

03
(0 H J- H H
C •• •• • •

t-4 rH n r.

• •

C-

«»

*—»

iO ••

ij r •

p. •• ••

r-t rH
%

••

jo m
c H p

• • 3
o &

o
10

h
rH
•« ••

l-J Jb 03
• «. ••

<H M rH H
; i
*»• ••

e r-» C> •a
i~* t-i

•• p
•

••

rH
a

rH

rH
i

r-» <H CO * <H
.. •« *• CM P

•• uO t- t*- c *. •• a
t> iH c rH

n
rH M

••

r-» iH

c

rH
CO

ft

•

r> -P 4J p rH H•• c c g •• P
v O iH C <D © W C.

A
•• •»

H M

t
<0 C3

a <d

i a

T5 TJ s

I
CO

i

E

»•

a

8
a

E
1
•

c

«

C* * k <M
(4 E aK ft) C «H u p A CO s

o
t>

P C > v> •rt ai CO p rl
d «5 4* H rH •H T3
CO T)

1
as ec

•
^

1 £ i
;

P
CD K • K K K

OJ
U K
(4

M
K at CO CO

K
0> 4» «• p P p O

CD P «H •H p to «H •h «rt urH rt > n A jc JE I
9 © ,C i C O E

c fc iu e
J

«H •ri «rt

1 1 :



5

-odward (10) studied the P« progeny of the crosses Malakof

x Democrat, and Democrat x Mediterranean to physiologic races 9,

lo , and 58* He concluded that two comnlrnentary recessive factors

carried by Democrat govern resistance to race 9, Malakof had a

single factor for resistance to races 15 and 58, which has inherit-

ed Independently of the factor governing reaction to race 9.

Democrat and Mediterranean apparently carried the same factors for

reaction to theae three races*

Mode (8) studied the reaction of the cross Vebster x Medi-

terranean to races 5, 9, 15, r ; Carina x Hussar to races 5,

, and 15; Carina x Pawnee to races 5, 15, and M) Srawtt x Hussar

to races 9 and 15; Carina x "'alakof to races 5, 15, end 19 j and

Loros x Pawnee and .vebster x Pawnee to race 5. His conclusions

ere quoted as follows:

^ster had one dominant factor for resistance to races
5, 15, and 59. Mediterranean had one incompletely dominant
factor for resistance to race . In the 'ebster x Mediter-
ranean cross, resistance -to race 9 and to races ;. , 1 , and 58
were inherited Independently. The resistant reaction of .Veb-
ster was also completely dominant and monofactorlally In-
herited in the Vebster x Pawnee cross tested to race 5. The
behavior of Carina was inconsistent in the three crosses
tested, suggestlag the variety was composed of different

iotypes for rt st reaction. Carina and Hussar carried dif-
ferent genea for resistance t races 5, 9, 15, and 66. The
Carina reat to races 5 and 15 was epistatic to the Hu3sar

action, when the Carina :enes for resistance were hor.

-

sygous. The reaction to race 9 and to racer . 15, and 66,
which appeared to be hie to the same orenes , were not inde-
pendently inherited. Carina and Pawnee were 'if ^erertiated

linked duplicate .-enes in coupling with i
.'" ± , -cent

crosr'n- over in their reaction to races 5, 15, a< . he
behavior of the Carina x Malakcf c: In
which resistance appeared to be cc a -^ngle ?pne
could not be adequately explained. Three factors appeared to
be involved in the trans !ve sr or susc
bility to race lc h resistance to race 19 in the "arina
x "alakof cross tested to these races. Brevit and Hussar



carried different series for resistance to races 9 and 15

•

The reactions to races 9 and 15 were associated in inherit-
ance to this cross. The resistance of Loros to race 5 was
differentiated from the susceptibility of Pawnee by a tingle

ie. The reaction of Loros was incompletely dominant.

Harris (2) studied the reaction of the P^ progeny of the

crosses Hussar x Democrat, and Mediterranean x nusspr to races

, 3, 11, and ?5. In addition he strdiei the reaction of the

lay of the crosses r*revit x Wed! terraneen , "revit x Car-

ina, Webster x Brevlt, and Loros x Webster to race 5. These were

-wn to maturity and tested 9 and 126. Tests with races

5 and 35 gave inconclusive result^ in the prcsreny of the crosses

involving Kussar which was attributed to environmental factors.

iiterranean,
I

•» , and democrat appeared to have different

factors for resistance to races 9 and 11. Mediterranean and Hussar

each had a dominant factor for resistance to race 9 and two factors

each for resistance to race 11. Democrat had two factors for

istance to race 9 and one factor for resistance to race 11.

Factors for resistance in Hussar to races 5, 9, 11, and 7-5 were

associated in the crosses iVediterranean x Hussar and Hussar x

Democrat.

'vit, Carina, Vebster, an: 1 Lores annarentlv carried a

dominant, identical factor for resistance to race 5. °revit

carried a dominant factor for resistance to race , at this was

aoperentlv recessive to two crmrlfm^ntarv dominant factors for

useeptlblllty carried by Carina in the adult sta-e. Webster and

Loros had the same factors for susceptibility to race 9. Carina



had two eoaplaw— Py factors and Webster had one dominant factor

for resistance to race 126. Under conditions of the tests in

• - , Carina was resistant to race 9 in the seedling sta^e and

susceptible in the an it sta~ej Brevit was resistant to race 11

in the seedling stage and susceptible in the adult stage.

ne and Johnston (J from a ' of cresses

involving Pawnee, HedChief, a , that Pawnee cr

one major factor for resistance to race 9 in the seedl st&cre

and that this factor was nonallelic and pe^tiallv tatle to

the factor rovernln^ resistance to race r

-me and Livers (5) studied cr of Ch'nese monosomies x

Pawnee and obtained a 3:7 r. Ln the ?2 , thus lndloat resist*

ance due tc c I v factors. Since other studies indicated

t Pawnee had one ma. ictor for resistance to race 0, the

authors - -ted alternative concisions. One was that Chinese

ma- contributed a .iceptibility factor that was partially

'static to the resistant reaction of Pawnee. The alternative

elusion was that Pawnee carried two corple.nentnry factors end

that in previous studies which Rave simple sen-relation, the varie-

ties use 5 hed one of the factors in common with lawnee.

METHODS AMD MATERIALS

~ny of the crosses vichita x Mediterranean, "ichita x

nkof, and Wichita x Hussar, were studied for seedling reaction

in the greenhouse during the winter of 1055-56. The .lchita x

Mediterranean hybrid was tested to race ; "chlta x Malakof to



8

race 15; and .Yichita x Hussar to races 5 and lo. The reaction

of the F
s
progeny of the cross Pawnee x Mediterranean was studied

as part of the cooperative wheat breeds r>~ project during the

winter of 1954-55, and the an s of these results are included

as a part of this thesis.

The method of Inncculation used in this experiment was the

same as that used by Yoodward (10), Mode (8), and Harris (2).

Approximately 25 seeds of each Fg plant were sown in 9 inch pots.

Ten days after planting, the plants were innoculated with a pure

culture of a known physiologic race of l^af rust. The plants

then were placed in a moist chamber, moistened, and dusted with

urelios pores from plants which previously had been infected. Only

one race was used at a time in the study, and prior to chan&i'

races, the greenhouse was washed as a precaution against race mix-

tures. 100 pots of the F^ lines, with appropriate parents, and

differentials for detecting race mixtures, were studied at one

time. Plants were removed from the moist chamber anoroximatelv

15 hours after innoculaticn.

In 8 to 11 days, depending on temperature and lisrht intensity,

the Plants were classified as to phenotype on the basis of type

of ureiia formed. The basic reaction types used were —ibed

by Mains and Jackson (7) as follows:

" H
J,
Thly resistant - No uredinia formed; small flecks,

chlorotic or necrotic areas more or less prevalent.

1 - Very resistant - Uredinia few, small, always in
II necro 1c spots. More or less necrotic areas

produced without development of uredinia.



9

2 - Moderately r fci - r^dina fairly abundant, of
moderate size, alwe i necrotic or very chlorctic
spots. Necrotic tpota seldom without ur ^a.

3 - Moderately susceptible - Fredinia fairlv abundant,
of moderate size, r c necrosis croducr , -a-
times slight chlorosis immediately surrounding the
uredinia.

4 " Ver7 susceptible - Fredinia abundant, larn, No
necrosis or chlorosis immediately surrounding the
uredinia. Infected areas sometimes occuring as
green islands surrounded in each case by a chlo-
rotic ring.

An intermediate reaction classified as "Y" (3) and character-

ized by a 4-type uredinia on the upper part (distal end) of the

leaf which gradually changed to a (zero) -type at the base (prox-

imal end) was observed in the progeny of the Wichita x Mediter-

ranean cross when tested to race 9.

Plants in each pot, the progeny of an Fg plant, were class-

ified as resistant, segregating, or susceptible and plants in

Ing -ots were counted and individually clarsified as to

reaction type.

EXPERIMENTAL

Peaction of F^ Progeny of <ichita x Mediterranean to pace 9

The Wichita parent was characterized by a 4-tyne reaction.

Hybrids classified as susceptible were similar to vichita in

reaction type. The Mediterranean parent generally was classified

as having a O-type reaction, but not all Mediterranean plants

gave that response. The results of the reaction of Mediterranean

to race 9 are ,-iven in Table 3.



V

Table 8. Reaction of Mediterranean to ^uccinla tritlcijna .

race 9.

rot no. : Reaction-" : Pot no. i Reaction

1 0-21; Y-2 10 0-28

2 0-7; T*13l 4-1 11 0»80 ;
v-i

8 0-28 12 0-28

|

; Y-2

4 0-28 15 0-54]
:
Y-l

5 0-50; Y-4 14 0-24,
; Y-lj 4-1

6 0-14; Y-l 15 0-52; Y-l

7 0-28 16 0-24
| Y-l

8 0-29; Y-l 17 0-28

9 0-28

the number of plants in the not showing that reaction.

Six of the nro-eny of the 17 Mediterranean plants studied

gave the expected response that all rlants were resistant. N3ne

of the plant progenies had one or more plants with a Y reaction,

end two plant orogenies had one or more plants with a Y reaction

a 4-type reaction — one of which (Mo. 2) was decidedly off-

type.

Chester (1) reported that variation in the response of

Mediterranean had been observed by other workers. The of
i

"-type

reaction of .Mediterranean may have been due to mixtures, to

outcrosses, to mutations for nusceptibili 1 v, or to the influence

mlcro-eir-ironnent. Whatever the cause of these off-tyre r -

nses to race 9, the rate of occurrence (S.8t* omitting plant
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Ho. 2) was exeeedl or either outcrossing or mutation.

•ter (1) reported the vr investigator* who had

.let id thet the leaf rust reaction of several wheat varieties

was ly Influence 3 by environmental factors. Invep' Ion of

variation in Mediterranean should be carried out.

Information obtained on !:he F« lines of the 'Vlchito x

Mediterranean cross is presented in Table 4.

Table 4. ion of Pa lines of edJterranean
tested to race

^esr-cnse : T
r
o. of v* linen :

~> -other H : -T - s t f value

1 .3H .80<P<.90

157 |

There appeared to be a one factor difference in this cross

for reaction to race 9, with he response of the Mediterranean

factor for resistance being partially dominant. F-egregatlnn lines

itained plants havi , 4 , and Y-type reaction: . he number

of plants of each reaction type were totaled and following results

were obtained:

Table 5. Manner of segregation in se itla* F_ lines of ichita
x Mediterranean tested to race .

B

'.-. of plants : f
*, : *PPz "gponsc ; rpothe?- value

m7 *
. 20 P<.001

y mo 2

4 980 1
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The hypothesis of a tin le partially dominant factor

difference in the Wichita x Mediterranean cross was supported by

the data shown in Table 4 for the manner of segregation of the

F lines. The Mediterranean factor governing resistance to race

•eared to be much more stable in the hybrid than in the oarent,

Failure to support the hypothesis by individual plant counts in

se ting F
? lines (Table 5) could not be adequate! lalned.

However, only three phenotyes occurred in the P, segregating

lines. This observation gave further suoport to the hypothesis

of a tingle factor difference, and precluded the application of

other hypotheses.

Reaction of P
g

Progeny of Wichita x Malakof to Race 15

"ichita parent gave a 4-type reaction and the Malakof

parent a O-type reaction. Only two reaction tyes appeared in

the « Lng lines and those were phenotypically similar to

the parents « The results of the study of segregation in the F»
«5

aeration of Wichita x ?-Talakof ere given in Tables 6 and 7.

Table 6.
race

•gation of F, lines of Nlohita x Malakof teste* to
ce 1 .

°

Response t No. o f r ? lines t
T'ypof>c-?is ; -"iM-ppunre : ; value

1 4.456 .10<P<.20

157 2

'us 63 l

c,
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Table 7, "anner c regation in segregating Fg lines of ichlta
x Malakof tested to race 15.

: No. of plants : : :

Response t showing response : Hypothesis t Chl-square : P value

?68S 2.054 .1CXP.<.20

I 1286 1

The resistence of Malakof appeared to be 3ue to a sinole gene

which was completely dominant to the susceptibility of TicMta. In

experiments completed to date, complete 'ominance for -tance

has been found less often than ra-tial dominance in the differen-

tial varieties.

Reaction of F- *rca;eny of -'Vichita x Russar to ^face 5

A 4-type reaction was observed on the Vichita parent. The

ction of Hussar varied from 1- to 2f with one plant .rogeny

bavin? several plants showing a Y-type reaction. The majority of

the parent plants showed the 1-type reaction. The intermediate

type was designated as a 2 in this cross. In reneral the reaction

of the hybrid differed from the Plussar reaction in that the pustu-

les were larger and more numerous. The manner of segregation of

Fs lines of Vichita x Plussar to race 5 is presented in Table 8,

Table 8. Segregation of F? lines of ichlta x Hussar tested to
race 5.

Response ; No. of v\ lines : hypothesis t Chi -square : P value
Kes 78 1 .24 3 .80<P<.00

•f 151 2

"us 72 1
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There appeared to ue a single gene difference between the

reaction of ichlta and of Huasar to race 5. However, this hy-

pothesis was not orted by the segregation ratio of the se -

regatln-: lines A I till ratio was obtaIne3 and that did not

correspond to a known genetic ratic.

These results may be explains the difficxilty encountered

in classifying the intermediate type in that cross, fti Terence Is

made to the fact that the progeny of "ussar was on served as hav*

a ranre of reaction types from 1- to 2f, and that it included

olants that showed the 2-type reaction wh5ch was considered as the

intermediate type in segregating lines.

Mains and Jac (7) note
-

! that Hussar was quite variable in

its reaction to some of the physiologic races. It was often hi -

ly resistant in lets fall and winter and only moderately or f"

resistant in the sprla . Chester (1) reported that Dodov

(l°^la), Toberts (ltM) aterhouse (1929-^0), Hassebrauk (19*7),

and Newton and Johnson (1941) found that some of the differential

varieties gave different reaction types under different lirrht

intensities.

The experiments of Newton and Johnson (1941), pc reviewed

by Chester (1), were the most closely controlled Newton and

Johnson maintain*- oerature and obr chan

of reaction of seven wheat varieties to reven races of leaf rust

under the changing light conditions from February to fcprll« In

many cases a complete change from resistance to susceptibility was

observed

.

cord In- to Chester (1) various workers have found that soil
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fertility, temperature, and humidity also affect reaction typo.

In general, factors which increase the vegetative growth of the

wheat plant such as increased percent- r nitrogen, increased

rature, or Increased humidity, also tend to Increase the

'ceptibility of wheat to leaf rui .

Certain members of the differential varieties are rcre stable

under environmental changes then o . ster (1) retort*

that Newton end Johnson rated the differentials according to the

de-Tee their reaction types were affected by environment as

follows: percent for Lores, 18 percent for Malakof, Mediter-

ranean, and Democrat, 40 percent for Webster, 5? percent for Carina

or vlt, and €7 percent for hussar.

The sensitivity of the reaction type of Kuasar to changes in

environment may account for the difficulty encountered In classl-

Lants in the segregating lines, as each plant was actually

in e separate micro-envlronrent#

Since genetic studies reported in this thesis were net con-

ducted under controlled environment, it was not possible to clearly

distinguish the effects of environment from the effect of heredity

In the Wichita x Hussar cross when tei c re-

action c of Mchits x Hussar Tested to ^ace 15

The Wlchitt parent -rave a 4.type reaction. The Busssr parent

r action type varied from 1- to 2¥ , but the majority of the plants

showed the 1- type response. action types 2. and Y were observed

the intermediate types In this cross. The manner of se

'.on in the hybrid lines is presented in Table .
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Tabls 0. Segregation of Pj lines of Wichita x nuesar tested to
race 3 .

^sponse ; ?Io. of Fs linen : Hypothesis t Chl-sqvc.ro t ' value

Aes 1 .660 .70<P<.80

og 153 2

-.8 H 1

There appeared to be a sir rtially dominant factor

for* resistance carried by Hussar, ks In the case of reaction

to race 5, the data of segregation in ec ting lines did not

give a basis for a logics! explanation of the factors controlling

resistance in this cross* The results were attributed to the

variable response of Hussar under fluctuating environment.

Association of 'actors for Assistance to Pace 5 and
?ace 15 in the Cross Wichita x Hussar

e association of reaction to obysiologic races 5 and 15

in the cross Wichita x Hussar is piven in Table 10.

Table 10. Association of reaction of F« lines of the cross
ichita x Hussar to physiologic races 5 an ] .

-action to : Reaction to race IE
race 5 : RisTstla nfc • r T- fcir ~ : 5us<»eptlble i i Tot*l

Assistant 76
"©gating 3

Susceptible
Total 79

Chl-square = 554.9 d.f . s 4

2
148

3
153

P<.001

69
69

78
151
72
sot
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The same factor In Hussar apparently controlled the resist-

ance to both race 5 and 15 in the cross Vichita x Hussar. Of 301

lines, 293 gave the same reaction to both races. In no case was

the reaction completely reversed, i.e., if a line was resistant to

race 15, it did not give a susceptible reaction to race 5 or vice

versa. The lack of perfect agreement was due to three F« lines

that were classified as resistant to race 15 and segregating to

race 5, to two Pg lines that were classified as resistant to race

5 and segregating to race 15, and to three F ? lines that were

classified as susceptible to race 5 and segregating to race 15.

This result could be attributed to chance alone, since only a

small number of progeny (25) were used for each F^ line.

Reaction of Fg Progeny of Pawnee x Mediterranean to Race 9

Pawnee and Mediterranean each gave a 0-tyoe reaction to race

9. All of the hybrid lines except one (line No. 14267) were

classified as resistant. The off-type line segregated in a 1:2:1

ratio and appeared to be an Fg of an outcross. ^awnee and Me~-

iterranean appeared to have the same factor for resistance to race

9. However, of the 562 F? lines tested, 537 had all 0-type Plants

and 25 had plants which varied in reaction type from 1 to 4. Res-

ponse of the off-type lines is given in Table 11.

The intermediate type reactions ranged from 1 to 2++, and

included the Y-type. TVose reactions may have been due to a

common factor which was inherent in the germplasm of Mediterranean.

These reaction types are so similar that a different person
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Table 11. Response of off-type F lines of Pawnee x Mediterranean
tested to race 9.

1954 : : rbi of *
plants 3howing Cff-type ^osnonse

Line : Total* :

Number : Plants :

»

2+ :

: : : : :

2++ : 2 : 2- : Y : 1 : 4

13752
1*788
17^09

25
25
25

1

1

13841
1*360
13^

25
25
25

1
1

14012
14018
14022

25
25
25

1
1
1

14029
14045
14052

25
25
25

2

14056
14060
14067

25
25
25

1
1
1

14070
14f
141*8

25
25
25

1

1

14174
1182
14238

25
25
25

14247
14207**
14271

25
19
25

2
9
6

5

14351

Total

25

619 4 22

1

1 12

* The total number of olants is estimated as 25 plants per line.
*# An actual plant count was taken of line number 14267.
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may have classified the reactions in a manner different from

that shown in Table 11, A less exacting person even may have

classified them all under one type. Chester (1) noted that such

intermediate reaction types tend to he instable tcwari environment.

It is ncssible that the variability in reaction type indicated

in Table 11 may have been due to ~icro-environment.

Omitting line 14267, and basing an estimate of the population

on 25 plants per line studied, the variable types were calculated

to comprise .24 percent of the population. This small percentage

could be attributed to mixtures, to outcrossing or to environ-

mental variation. Due to the variable response of Mediterranean,

further investigation of this cross should be conducted.

DISCUSSION

Heyne and Johnston (4) stated that studies at Kansas State

College concerning the development of aTonomlcf.lly desirable

wheat varieties resistant to leaf rust, consists of three inter-

related phases. The first is an inheritance s1
"•

, a part of

which has been presented in this thesis. This study has as its

aims, the determination of the number of crenes controlling reaction

to each of the physiologic races and the allelic relationships

between senes.

The second phase is a monosomlc analvsis to supplement

the inheritance studies, particularly in regard to linka

relationships. Attempts are being made to develop monosomies

for each of the 21 chromosomes of Pawnee and Wichita, Vhole
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chromosomes carrying resistance can then be transferred from the

differential varieties to '.v ichita and Pawnee, A direct monosomic

analysis of the eight differential varieties is also being carried

out US lag the Chinese monosomies as the tester parents.

The third phase is a backeross program which involves the

differential varieties a> -hita. The variability of reaction

tyres of the differentials due to environment has been discussed

previously in conjunction with the Pj progeny reaction of the

srosg ichita x Dussar. Cne objective of the backcross program

Is to develop a set of differential wheat varieties so that the

factors for resistance are in a common genetic background.

Pawnee wheat has been found to carry factors which modify

the reaction types of progeny of crosses of Pawnee and the differ-

ential varieties. Its use therefore has been discontinued,

studies to date have shown .ichita to consitltute a stable genetic

background in r-gard to leaf rust reaction. This will be confirmed

only when studies of all combinations of v lchita and the differ-

ential varieties have been completed.

Another objective of the backcross program is to combine

different sources of resistance to the same physiologic race into

the variety Wichita. For e .-ample, suppose that the 0-2 type

reaction of Hussar, the 0-1 reaction of Loros, 3revit, and /.ebster,

tbe 0-type reaction cf Carina to race 5 are found to be con-

trolled by five independent non-allelic factors. These factors

could be combined in the genetically stable variety Wichita bv

backcross procedure. If, however, the 0-1 type reaction of Loros,

?revit and Vebster is allelic to the 0-type reaction of Carina



21

these two types of resistance can not be combined, since only one

phenotype of a given character can express itself in any one plant.

The combination of all possible factors for resistance to a eriven

race should act as an extensive protection against mutation in the

wh^at plant or to the occurrence of new biotypes of a race or even

to the occurrence of new races. If Wichita possessed different

factors for resistance to a given race and one of the factors mu-

tated to the susceptible form, the reaction of "resistant Wichita"

Might not change to susceptibility because the other :~enes would

continue to give resistance. Should a mutation occur in the para-

site and only one factor for resistance be present in the host,

the reaction might change from resistance to susceptibility* bat

if a number of factors for resistance were present in the host,

there would be greater chance that one or more of the factors

would control resistance to the mutant race of rust.

Studies reported in this thesis have shewn that the O-tyne

resistance of Malakof to race 15, the 0-2+ tyoe resistance of

Hussar to races 5 and 15, and the 0-1 tyee resistance of Med-

iterranean to race 9, can all be added to Wichita.

Analysis of crosses to determine the manner of combining

resistance to various races may proceed in the following manner.

Democrat and Mediterranean show a resistant reaction to race 9

and a susceptible reaction to races 5, 15, and 58. Woodward's

study (10) indicated that Mediterranean and Democrat carry the same

factors for resistance and susceptibility to these four races.

ster is resistant to races 5 and 58, and susceptible to race 9.
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la (8) found in his study of tha Ye star x Mediterranean cross

that the reaction to race 9 and the reactions to races 5, 15, and

were inherited independently. Thus, the resistance of Democrat

Iterranean to race 9 could be combined with the resistance

of Vebster to races 5, 15, and 58.

Mode (8) found that the resistance of Webster to races 5,

15, and 58 was due to the same gene. ,Vebster and Bravit show a

0-1 type reaction to race 5; however, Brevit exhibits a 1-2 tyre

reaction ar star a 4-type reaction to race 9, Stroll

showed that '.'ebster and Brarlt carry an idantlaal factor 1

resistance to race 5, and complementary factors for resistance

to race 9. Thus the resistance of races ft, 15, 58, and 9 also

cculd be combined in Ilohits by means of a bacVcross program

involving Wichita, 3revit, rnd Webster.

hen all of the possible crosses among the differentials have

been studied, a sound basis for building a rust resistant Uchita
wheat, and e set of stable leaf rust differentials will be

-sible. Meanwhile sufficient information has been obtained to

be -e backcross program.

The number of physiologic races is so ^reat that to obtain

resistance to leaf rust would appear at the outset to be an

impossibility. Chester (1) stated that from tfca standpoint of

practical breeding, it is not necessarv to obtain resistance to

all races because not all races are present in a ftaan tits. Thii

reasoning should be used with caution. I resistant variety, ..hen

grow on a larre scsle, decreases the occurrence of races to which
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it is resistant. At the sane time races to which the variety is

susceptible become more prevalent. Prior to the release of ^awnee

wheat, physiologic race 9, to which Pawnee i3 resistant, was the

race that most frequently occurred in the ,-reat plains. In rrcent

years due to the extensive production of Pawnee, race 9 has become

l^ss prevalent and races 5, 15, 58 and 126, to which Pawnee is

sceptible have bee erne more prevalent. Huffman and Johnston (6)

stated that 44 races of rust were found in Kansas during the

period 1940-1951. ht of these races were isolated only once,

"'aces that occurred most frequently were 2, 5, r, ", 17, 15, 19,

20, 21, 68, 51, 44, 52, 58, 64, 105, and 126.

Chester (1) introduce^ the enceot of resistance to race

grouns. According to this conce-t, iom of the races classified

seDarately in the "International Register of >hysiolo-ic ^aces" may

actually be the same race the differences in reaction being due

only to differences in environment. Chester (1) stated that a pure

culture of race 5 -rives a race 5 reaction on the differential

varloties in Februa >y and a race 52 reaction in April. From his

observations and from the literature, he grouped as sin-le races

these groups of races the reactions of which duplicated these

of others of the same group under certain environmental conditions.

Thus he considered races 9, 10, 17, 19, 20, 24, 27, 71, 108, and

115 as belonging to the sajne group and races 2, 7, 15, 25, 74, and

62 as belonging to the same group but different from the first

up. In this manner he proposed that only 44 races or ^rcurs of

biotypes existed at the time his book was published.
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There is seme genetic evidence that suo-Torts the group con-

cent. Chester (1) stated that Oodov (Via) tested the reaction

of 132 wheat varieties to clo-ic races IS, 1~, BO, and

which belong to -ace group 9, and races 15, 17, end 21 which fall

in race groups different from each other and from race group 9.

It was found that a giv ?at variety exhlbitei the same re-

action to races 1?, l.>, 20, and 24 and that the reaction to races

15, 17, and 21 bore no relations!' ip to one another or to race

up 9.

Keyne and Johnston (4) found that the same factor in Pawnee

wheat -overns resistance to races 3, 10, 11, 17-, 19, 20, 81, and

98.

If the concept of race grcups proves valid, breeding for

leaf rust resistance will be simrliflr .

MARY

The inheritance of reaction tc several. races of leaf rust

was studied in the Fr progeny of the crosses ." ichita x I'editer-

ranean, Wichita x fc'alakof, icMta x Hussnr, and Pawnee x Med-

iterranean. Leaf rust races 5,9, and 15 were used in the studies

Mediterranean acoeared to have one partially dominant factor

for resistance to race 9 in the cross /.ichita x Mediterranean,

kakof had a single dominant factor for resistance to race 15

in the cross Vichita x L'.alakof. Hussar had a single partially

dominant factor for resistance to both race 5 and 15 in the

cross .Ichita x Hussar. Mediterranean and Pawnee a -peered to

have the same factor or factors for resistance to race 9.
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Variation in re? of certain terranGM w-

observed when the variety was tested to race 9, but the cause

for these off-type plants was not studied.
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Leaf rust of wheat is one of the most destructive of the

wheat diseases. At present the rust is composed of 16? physio-

*c races which are differentiated on ei^ht wheat varieties.

Host resistance is the best means of controlling the disease,

and since the eight differential varieties theoretically carry

the germplasm necessary for complete resistance, studies are

being conducted at Kansas ftate College to determine the manner

of Inheritance of resistance in the differential varieties and

the manner of incorporating resistance into tally desir-

able wheat varieties. A portion of that study is described in

this abstract.

^evicus studies have shown that resistance is usually

controlled by one or two factors which are inherited in a simple

Mendelian manner.

In this experiment, inheritance of resistance to race 9 was

studied in the Fg progeny of the crosses .Vichlta x Mediterranean

and Pawnee x Mediterranean. Inheritance of resistance to race

15 was studied in the F^ progeny oi the crosses "ilchita x Malalcof

and Vichita x Hussar. The F3 progeny of the cross Wichita x

ar were also used in the study of the inheritance of resist-

ance to race 5.

Plants were Innoculated approximately ten days after planting

by wetting them thoroughly, dust in a with urediospores of the

nure culture of the race to be used in the study, and niacin? them

In a moist chamber for approximately 15 hoars. riant resrcnse was

determined approximately ten days after innoculation , at which



time uredinia were well developed. Only one race at a time

was used in the study, and the greenhouse was thoroughly washed

prior to Chan in races to prevent contamination in successive

studies.

The scale of resistance proposed by Mains and Jackson,

in which the most resistant response was designated by a (zero)

and the most susceptible response designated by a 4 , was used

as the phenotypic classification of the hybrids.

ichita wheat a 4-type reancnre to all races used in

the study. The differential variety Mediterranean generally

cave a O-type response to race 9, but seme plants exhibited

an intermediate type resr>on-e. The cause of the off-type

Mediterranean plants was not determined, and future studies of

that variation should be conducted. Resistance to race in the

ichita x Mediterranean cross was found to be controlled by one

partially dominant factor carried by Mediterranean.

Pawnee and Mediterranean both ?ave the O-type response to

race 9, and 561 of the 562 F3 lines of the Pawnee x Mediterranean

cross were classified as resistant. It appeared that the same

factor in Pawnee and Mediterranean controlled resistance to race 9.

skof gave a O-type response to race 15. A comrletely

dominant factor carried by Valakcf apparently controlled resist-

ance to race 15 in the Vichita x Valakcf cross.

The response of Hussar varied from 1- to 2 + to race 5, and

from 1 to 2+ in race 15. l'e~regation of the Fr progeny of the

cross Wichita x Hus-er indicated that one oartially dominant



factor carried by Hussar controlled resistance to each race.

The manner of segregation to race 5 and to race 15 was highly

associated, and it was concluded that the same factor or factors

in Hussar controlled resistance to both races in the Wichita x

Hussar hybrids.

The hypothesis of a single factor difference in the '.Vichita

x Hussar cross tested to races 5 and lo was not supported by

the manner of segregation in the segre^at' n W* lines. ?eilure

to support the hypothesis in the se lines was attributed

to the extreme variation in the response of
'

;nssar tinder changing

environmental conditions.

Further study is necessary for a complete analysis of

Inheritance of resistance in the differential varieties, but

sufficient information has been obtained to proceed with a

backcross program to incorporate resistance to several leaf

ru«t races into the variety Aichita.


