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!lTRO])VCTIO.! 

Stem rust er wheat. Pucci nia era.iBis tritici Eriks. and 

Herm•• :Das a.1wa,7S been a limitbg fa.ctor ill the produotion of whea.t 

in Western Canada. According to Hanna. (12), nat amage was first 

reported iD 1891 and tbe first attack of epidemic intensit)" accurred 

in 1904. Other severe epidemios of stea rust aceurred i.a 1916, 1'2', 

192'7, 1"5, 19" and 1953. Attacks little shortef epidemic intensity 

aceured in 1919, 1921, 1925, 1930 aDd. 1954. Greane,. (n), estiated. 

that during the II year period of 1925-1935. the average aImal leas 

due to reduction in 1ie1d .sapprex:1.mately .30,000,000. In additioR 

$2,000,000 was lost annualll" due to lowering of grade of the wheat. 

After 19'9, resistant varieties were wideljr grown b Western 

Cuada.Craigie (8) estimated that 1a the 5 7ear period of 1939-1'43, 

the average amt..l heeease in farm income reslllltiag from the growing 

of net resistant varietie s in Manitoba and Kasten SaskatenewaR _. 

approod..Mt.e17 $27,000,.'. 

l'.JDtortlU1&te17, the va.rieties gr... iD Vestem Canada after 

I'". were not resistant to all races of stem rust. Races wbich were 

considered lUdmportant, but, cew.d attack. the COJDDlOn varieties, were 

relieved of competition1d.th the prevaleat races and wheB envi.roDental 

conditions were fa.vorab1e, reached epidemic proportions. In addition, 

new, virulent races, hPridised. on the C01DJl.011 'barberry, also had an 

oppertuityo to develop on the nev varieties and become prevalent. Race 

lSB i8 a strild.agexallple or such a aha:age• 

.lccor<ii.ng to Sta.kma.n (30), race 15:8 has been known to exist 

on 'ike earberry sinee 1939, but was Bever aOU1'lQant 'Until 1950 when it 



bec~ prevalent on previously resistant varieties of bread wheat and. 

durum. Durum8, in particular, have 'Deen severely rusted. Roc.ienhiser 

and lIoore (28) mention that 10,00i,oot bushels of durum wheat, which 

was about one....fifth of the crop, was lost in the United States in 1951. 

In Western Canada, race 15B was first reported. in 1946 and became wide17 

d.istriDuted. by 1951. Harma (12), reported. tbat three distinct strains of 

race 15S have been differentiated - 151-1, 15:8-2 and. 15B-.3. strain 15:8-2 

wh1eh has recently been renamed. 15:8-4, is a specially virulent strain in 

durums and is rapidly increasing in prevalence. 

The wheat stem. rnst situation in. Western Canada was relative17 

stable from. 1938 to 1949. During this time the durum nrieties 

comm.erciall7 grown were resistant to the prevalent races of stem. rust. 

The varieties, Carleton ancl stewart,which derived their resistance froa 

Vernal emmer, were extensively grown. 

After 1,,0 and the increase of race 151, all co-.erci.ally 

grown durua va.rieties were severely attacked. The epidemics of 1953 and. 

1954 almost completely destroyed. the durum crops grown in Western canada. 

Asa result, the acreage of durwa production was greatly reduced in 

following years and. the area of production shifted west_rd" out of the 

main rust area of Xanitoba and Eastern saskatchewan. 

The need for dunun varieties resistant to race 15i is apparent. 

In order to develop these varieties" sources of resistance to this race 

must be available. One -7 of obtaining these sources is to _ke a 

collection of local and foreign varieties and to test tbeir reaction under 

epi.d.emic conditions of race 15i. Valuable work in testing of varieties 

for reaction to stem rust is done in tne International Rust ~_.

Varieties from. all parts of tbe world are intrecluced a.nd.tested in the 

n:ursetr for their mature plant resistance to maD7 races of stem rust. 



A report is issued every year describing the performanees of the durum 

introductions in the nursery_ HaD.J'" of the "Varieties have been found to 

be almost iJmmme to ra.ce lSi, but usuallJr possess many undesirable 

agronomic characteristics. 

The purpose of this study" _s to determine the inheritance of 

resistance to race 15i ot a number ot durum varieties obtail'led. from. the 

International Rust Bursery. 



iEVlEW OF LITlIUTURE 

The earliest report ot hybridization work involving rust 

resistance was 'by Bitten (J+), in 1905. He m.entions that Thomas Knight, 

in 1815, appeared to be the first to realize the necessity or selection 

of resistant varieties. In the same paper, Bitfen reports that Farrer, 

in lS9', working with a nu.mber of varieties showed that susceptibility 

to rust is hereditary in wheat. In 19f!fl, Bitfen (5):; working with 

varieties susceptible aDd. immune to yellow Nst (Puecinia dumarum), 

found. that susceptibility is dominant over i.mm:uDity. He dem.onstratecl 

that resistrance is i.n.d.ependcmt of any morphological character and. 

theretore,it was possible to combiDe rust resistance aD.<l other desirable 

characters h a variety. 

This earlT work served to convince the plant oreeder ()f the 

value of htbridization and selection. Some of the work that followed. was 

concerned with the determination ()f the nature of resistance of certain 

wheat varieties. 

staJ.man (29), 1915, showed that resistance in the seedling stage 

to physiologic torms of stem rust is due to a ph1'siologic incompatibility 

between the resistant plant aDd. the invading fungus. This is known as 

"protoplasmic" or "physiologic" resistance and. functions throughout the 

lite or the plant. Tne na.ture of the incompatibility or antagonism 

'between the cereal host and the feg1ls is not mOW'll. 

Hursch (20), 1924, suggested that in addition to the fundamental 

protoplasmic resistance, wheat varieties may possess morphological :means 

of resistance against Puccin1a graminis. The germ. tuoes of stem rust spores 

are able to enter the plant, out once inside, certain morphological 

characters may limit the ext,ent of activity of the BJ7celiwn. According 
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to Bursch, the lQ"celium. of stem ruet within the host is limited. 

entirely to chlorenebymato1ls collencbyma tissue of wheat. In 

morpbologica1l7 resistant varieties of wheat, the collenchyma. bodles 

are small isolated. strand.s, separated b7 broad bands of scblerenchyma. 

fibers. This forms a. mechanical limitation to the spread of the 

mycelium.. Morphological resistant varieties, therefore, bave a large 

amount ofschlerenchyma. and a small amount of collenchyma.. The relative 

am.ount of schlerenehyma. increases as the plant grows older. 

In 1'36, Hart (15)} agreed with Bursk' s conclusions and added 

that in ad.d.ition to the two types of resistance to stem ntSt, pnysiolog1c 

and morphological, there is a tkiri type termed "functional resistance". 

She suggested that stomatal behavior of wheat varieties during the earlT 

morning hours might be related. to stem rust resistance. There was a 

correlation between stomatal behavior and resistances of certain. varieties 

of wheat to stem rust in the fieU. She found t_1; in resistant varieties 

su.eh. as Hope, Webster and Acme, the stomata remained closed in the 

morning later than those of susceptible varieties such as Harquis and 

Mincium. Varieties which are moclerately resistant in the field., for 

exam.pleKota anEl Kubanka, bave am. intermediate type of stomatal bebavior. 

stomata of 7OU1'1ger and more succulent plants parts open sooner a.n.d remain 

open longer tbanstomata. in older or less succulent parts. This _1' 

explain the increase of resistance of pla.n.ts in the mature stage over the 

seed11Dg stage. 

Peterson (24), 1931, _de similar studies on a number of 

standard. varieties and of lq'brids from crosses between common wheat 

varieties. His results did not verify- Hart's observations regarding the 

correlation between sto_tal behavior and resistance to stem rust. 

Similar conclusions were reached 07 Ausemus (2) f when he stucl.ied the 
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relationship 'between stomatal behavior and reaction to stem rust in the

hybrids of crosses involving the three varieties, Marquillo, Supreme and.

Hope.

According to Ausemus(.3~Eriksson first proved that there was 

several distinct varieties of rust: as differentiated by the hosts they 

attack. St&kman and Piemiesel (.31), 1917" reported the existence of 

pqsiologic specialization within the rust fungus. It bas been shown 

that new races originate 'b7 hybridization and. mutation. Stakman ~ ..!!. 

(:32), suggested the possibility of stem rust races hybridaUtg on 

harberI7 and Craigie (7) demonstrated. the funct ion of pyenia and aecia 

in the hybridization of the tungi. Johnson (21) and. others haTe studied. 

a number of crosses and proved that new races of Puccinia graminis 

originated 'bT crossing not onlT 'between races, 'but also between varieties. 

These discoveries complicated the breeding of varieties resistant to stem 

rust. Tae plant breeder could. no longer consider stem. rust as a single 

organism, but as a number of morphologicaJ.ly similar organisms, or races, 

fund.am.entallT different in pathogenic capabilities•. This made it necessary 

tor the plant 'breeder to determine the inheritance of the reaction to 

individual races. 

:Early plant breeders recognized that som.e of the durum. varieties 

carried. considerable resistance to stem rust. Huch of tae work inTolTecl 

attempts to transfer the durum resistance to common wheat. Ausemus (3) 

_4e an mensive review of tae studies with the clu.rwn sources of 

. resistance to stem. nst. 

Puttick (27), 1921, studied the reaction of the F2 generation 

. of a cross between Mi.nd.um and Harquis to two physiologic forms of stem 

rust to which the parents reacted reciprocally. The F2 progeuy segregated. 

to give all gradations between itmmmity and. complete susceptibility. 



Ha.76 S .!1 .ll,. (16), 1920, crossed a number of suseeptiDle 

vulgare varieties with resista.nt durum varieties including Iumillo. 

They fOlmd that in the crosses att.empted, susceptibility was dom.11aJ'1t 

and a strong linkage was present between rust resistanee and durum 

characters. A few plants wereseleoted in the F3, which showed resistance 

comparable to that of the parent Iumillo and were vulgare type. These 

results indicated that it was not impossible to obtain plants with vulgare 

characteristics possessing the resistance of the aurum parent. 

In 1940, Peterson and Love (25), also studied crosses between 

IUJIlillo and susceptible common varieties. The study revealed that it was 

difficult to eliBdnate all durum. morphological characters from 42­

chromosome plants while retaining a high degree of the durum resistance 

to stem rust. However, a number ef limes were obtained which were imlmme, 

or near immune in the mature plant stage to many physiological races im 

spite of the fact that m.ost lines contained plants with abnormal 

chromosome numbers and bellanor. Chromosome numbers fOUlld 1m the plants 

of these lines ranged tram 38.43. 

Hayes .!i 801.(17), 1925, selected. from a cross of Marquis x 

Itmd110 a vanety called. Harquil10 which was resistant to a collection 

of races in the field.. Another selection, a sister otHarquillo, was also 

f'omui to be resistant to many physiologic forms of' stem rust under field 

conditions, but it is susceptible in the seedling stage in the greenhouse. 

This selection was used in a Double Cross (Marquis-Iumilla x Marquis-Kanred), 

to produce Thatcher, a variety possessing considerable resistance to stem 

rust along with high quality. At. 1$&5t two factors were faund to control 

the resistance of Thatcher. The resistance in the field vas inherited 

independently of the factor f'or immumity to certain races in the seedling 

stage. The field reaction vas controlled 9Y' two main factors with 



possible modifiers. 

Heathy and. Goulden (2.3) studied the inheritaRce of resistance 

o! MarquUlo to stem rust in. a muaber of crosses. In the cross, Marquillo 

x H-44..24, they concluded that two or more factors for resistance were 

eontributed. by Marqu1llo. In crosses between Harquillo and susceptible 

varieties, omly a s-.ll number of resistant plants were obta.ined in the 

12 generation indicating that HarquUlo carries many factors for 

resistance to stem nst. In the three-way cross, Karquillo x (Harql.lis x 

Kanred.), the presence of three or more factors was indicated.. 

Ia 19.34, A.semus (2) reported results from crosses, Hope x 

Harquillo, and Karqu1llo x Supreme. The Hope x KarquiJ..l.e cross sllowed. tba'l; 

inDeritanee of the seedling reaction to stem rust. appeared to depend. on 

three or more factors_ Inheritance of the mature plant resistance of 

Harquillo appeared to depend on fa.ctors that were not allelomorphic to 

those controlling the inheritance of the mature plant resistance of Hope. 

In the cross, lfarquillo x Supreme,at least three genetic factors controlled. 

the inherituce of adult resistance to stem. rust. 

Waddell (34), in the cross.. Iumillo x MindUDl,foUItd. that Iumillo 

possessed a factor or factors for mature plant resistance as well as a 

factor, or factors for resistance at both stages of maturity_ In the 

Pentad. x Iumillo cross, the inheritance was complicated b7 the additloDa1 

factors tor resistance in. the Pentad. parent. 

In 1929, Goulden (9) reported. the transfer of the resistance of 

tile durum, Pentad., to selections with common wheat cbaracteristics. The 

cross used. was Pentad. x Marquis. Several F:3 lines were obtained. which were 

homozygous and had high resistance to stem rust. 

Harrington (1.3).. 1925, tested a cross of Mindwa x Pentad with 

raee 1. The results obtained indicated the presence of two factors. A 
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lI:1Jldum fa.ctor was dominant for ilmtuity aDd a P8J.ltad. tacter was «omj'Dant 

ter slight re.istallee. With ra.ce 34, to which Pentad. is resistant and 

Mi.a<llDl is sllSceptible, .ore than ell. factor for resista.nee was iDdi~atecl.

Rea.ction to race 21 was similar to the reactien to race 34 and was 

believed to be cOl!trolled by the same factor. 

C.orrela.tive studies baTe 'been ade between seedlil1g reactiol1 in 

the greenhollSa and mature plant reactions ill the field of a nUJllher of 

varieties to stem rust. 

Hurseh (20), 1924, called attention to the differences between 

the rust reaction of A.cme seedJ.i.Dgs and the _ture plant reactioD of the 

variety i1'l the field. Aamodt (1) found that seedling reaction to particular 

rust forms in the greenhouse may not necessarily be an indication of the 

reaction of _turing pl.a.nts in the field. His studies showed. that Diga 

resistoce in the seedling stage in the greenhouse usually iadicateci 

rasistaaee i.a the field, 'but moderate resistance in the greenhouse does 

not a111&7s mean field. resistance. 

Harrington and Smith (J.4.) studied the see<Uingand _ture p1&$ 

reaction of each of four varieties, l4'arqus, lfarqtlillQ, IlDIillo and VerDal 

to tbree ph7siologie forms, 17, 21 and 20. h addition, they used a 

susceptible strain of Mar<luillo &Bd a susceptible strain of Iumillo. Good. 

agreement was obtained. between the reactions in Doth stages ntll the 

exc.eption that the susceptible at-raiD. of Iumi110 seemed. to be more 

resistant in the atter heading stage. They concluded that the feasiBility 

of using seedJ..1ag tests to predict reaction in the mature plant stage 

depended on the... va.riety under study. 

Harrington (13), 1925, studied. the realation between seedling 

ud _tve plant reaction in crosses between durnm varieties. The 17,_ 



crosses studied were Kindum x Pentad and Kubanka. .o.S x Pentad. The 

physiologic races, 1, 21 and 34 were used in the seedling tests. In the 

H:ind.UDl x Pentad cross, Harrington reports a negative correlation 'between 

the seedling reaction to raee 1 and the mature plant reaction to several 

ra.ces in tke field. Bocorrelation _s found between reaction to rust 

under rnums.8W- conditions and reaction to ra.ces 21 and 34 in the greenhouse 

in the same cross. In the IubaDka .0.8 x Pentad eross, there was DO 

correlation between the mature plant reaction in the field and seed.J..ing 

reactioD. to raee 34. 

Goulden .!i !!.(10), 1930, tested a number of varieties 

inc1udimg lwnillo, Pentad, Acme and l4a.rquillo to 16 physiologic races in 

the seed.J..ing and.. aclult stage. They found tmt the resistance of Penta.d 

was mainly controlled by genetic factors independ.ent of those eoncerned 

in the reaction of seedlings in the greemhouse. Acme showed. very little 

seed.ling resistance to aDJ" of the foms, but was resistant ill the _ture 

plant stage to all of tn_. In regard. to IlJJl1illo, there was almost 

perfect agreeaent between the seedling and t.he lIIature platit reactions aDd 

no additive resistance was obtained. iB the adult stage. 

Beatby (22) made a co:mpa.rable study of greenhouse reactions and 

field reactiou in the crosses, Karquillo x Rewarei, Garnet x Jfarquillo 

and. Ganet x Double Cross (Marquis- Iumillo x Marquis -Kanred). Tile 

results obtained in the crosses indica.ted tbat the inheritance of the field 

reaction o! Marquillo and Double Gress to stem. r'USt is mainly, if not 

entirely, controlled by the factors which govern the inheritance of the 

seedling reaction to fona 21 of stem rust iB the greenhouse. 

Vadciell (34) suggested. tha.t simple bexpensive greenhouse tests, 

using one physiologic race of stem rust, -1' he employed to eliminate 

lines that will he susceptible in the field. ill the durum crosses invo1YiBg 

lumilla. 
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With the appearance and increase of Race 1;:8 in 19?0, tile need. 

for new aurum varieties resistant to this race became urgent. Ex:t.ensive 

work along this line has been done at the North Da.kota Agricultural 

Experimental Station DyHeermana and. his associates. In 195', Heermum 

.!.!.!J.. (19) reported inheritance studies of resistance to race 15S of a 

n\1Jllber of durum. varieties. Three ot these varieties" 8t.464, P.I.192179, 

and 0.1.7805 were aIsostudied in the present project. Results obtained 

by Heermann ~ !!.from seedliRg tests indicated that P.I.192179 and St. 

464 nave two factors tor resistance in common. One factor produces a type 

1. reaction and the other an X reaction. The combination of the twotactors 

gives a 0; type reaction. There was evidence for the presence of ad.ditlonal 

factors widell mod.i.fy the reaction in the adult stage. Om the Dasis of mature 

plant reaction they concluded that C. 1.7805 bas one or tw factors in 

common with 8t.464. 

The results of studies with a number of other durum varieties 

were also reported in the same paper. The varieties, e.l.3255, P.I.94701, 

R.L.1714 (Golden Ball x Iumillo - Hindwa) and. P.I.168906 all produced a 

type ;- reaction in seedling tests with race 1513. In cresses with Stewart, 

evidence was obtained to show that C.1.;255, P.I.'4.701 and. R~!L.1714 had 

one factor for resistance in the seedling stage. From seedling and _tve 

plant tests" it appeared that these varieties" inclucling P.I.168906, 

possessed factors for resista.nce that were alle1ie. All tour varieties 

possess tae resistance of Golden Ball to race 151 and are susceptible to 

strain 15B-4 which is rapidly increasing in prevalence. 

In addition, evidenee from. tests using raee 15B in the adult 

stage shoved that C.I.77S0 and 0.I.S155 had. either one or two factors in 

common wita 8t.4.04. These three varieties and. C.I.7805 all originated. :La 

Ethiopia. 
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In the same 7ear Heer.maa and.· 8toa (lS) reported the 

dev.lo~nt of four dlU'Wll varieties which possessed good. resistance to 

race 15B. These varieties, Langdon, Yuma, TOlI11er and Ramsey" were the 

result of crosses iD.volving·rust resistant durwn introductions and durwa 

varieties which derived their resist.ance from Triticl1Il dicoccum.. 

langdon was developed. from the folloring crosses; an'.3 selection 

of ~.1'4 (H1JlliWll x earieteD.Bx lbapli (TriticWll cli.eecc_) waa creaaed 

with lB••• @teiti x Stewart) x (MiDdWll x earleton~; an '2 clerintive of 

this combination was crossed with Stewart; finallT an F1 plant from this 

third. cross _s crossed. with Carleton. Langdon is only medera:te17 

resistant to race 15B" but bas a high degree of resistance to other races. 

Y_ is a selection from the second cross made in the <levelopment 

of the variety Langdon. This cross involved an '3 selection of ]1).194 x 

Kbapli which was crossed withIB•.308. The variety is nearlT as resistant 

to race 151 as its Khapli emDl8r parent. 

Ramsey and. Towner were derived. from a cross of Carleton x P.l. 

94701, the latter being an introd.uetion trom. Palestine. Both varieties 

are characterized b7 the production of uall size pustules, but the 

resistance decreases at high temperatures. In addition, the varieties are 

susceptible to 15B-4" a virulent strain of race 15B. 



Parent Vam!i,,~

hitially", three varieties of d:arum wheat, Ara.bia.n, Camad1 

and. 8t.464, were selected for this studJr. fhese varieties, reported. to 

be reaista1'1t to stem rust in. the 1953 report of the International Rust 

lurse17, were introduced 'by the Field. HusbaBciry Departmeat, at Saska.toon. 

Field. tests, using race 1513, showed that Camadi and 3t.464 were almost 

immlJ11.e, while Arabianearried. a considera.ble nllJllber of moderately 

resistant pustules. Ifugget and Stewart, both of which a.re severelT attacked 

137 ra.ce 15B, were also inc1u.cieli in the stud.y. 

In the summer of 1955, a number of other durua varieties, 

select. on the 'basis of 'their performances in the International Rust 

Nursery, were tested tor mature plant resistanoe to race 1513. Six of these 

introductions, 0.1.81.3.3, 0.1.7875, 0.I.7870, 0.1.7805, P.1.1,2119 and P.I. 

1'1194, were addeci to the three original varieties. All six varieties 

showed good resistance to race 15:8 in the field. 

All nine varieties which are resistant are introductions trQm 

foreign countries (table 1). Five of the varieties 5t.464, 0.1.8133, e.I. 

7870, 0.I.7g75 and 0.1•.7805, origina.ted in Ethiopia. Coad! and P.I.192l79 

a.re Portllgese varieties. Arabia.n was obtained from Ara.bia., while P.1.1'1194 

originated in Spain. 

With respect to agronomic characteristics, Camadi, 0.1.8133, 

0.1.7870, C.I.7S75 and 0.I.7805, are similar. All five varieties mve 

short, weak straw and are poor yielders. A desira.ble agronomic characteristic 

of' these varieties is their early maturity. In addition, all the varieties, 

except 0.1.7875, have deep purple seeds. 
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Table 1. Varieties Used. in this Stt1d.7 and. their Origin. 

Designation Country of origin 

5t.464 P.1.19]J6; Etl1iopia 

Arabian P.l.J45720 Arabia 

Camadi Abdu tipo lt3 P.l.1921'S Portugal 

Am.erai 'bianco tipo 142 P.I.l,2179 Portugal 

Rojal de Almerai P.I.191194 Spain 

- C.1.S133 Ethiopia 

- (';.1.7815 Ethiopia 

- C.1.7870 Ethiopia 

- C.l.780' Ethiopia 

Nugget CAti.3872 North Dakota 

941.3599 Borth Dakota 

The varieties, 8t.464 and. P.l.I9217', are a18e early _turing 

and. have weak stems. P.I.192179 is characterized. 07 pu})escent glumea, 

while 8t.464 has black atm.s and glumese 

Arab:i.an, a reel seeded durum,anti P.I.19U94 are good yieldi.Dg 

variet.ies, out. are late in _turity, especially' P.l.191194. 

Nugget and stewart were Doth Qevelepeel '01 the North Dakota 

Agriculture Experimental Station in cooperatio1'l with the United States 

Department of Agr1eulture. Nugget was obtained. from a cress (Hind.wa x 

Carleton) x (lleiti x 8teart). This amber seeded variet7 has short" weak 

straw and is early maturing. The macaroni q,011t7 of Nugget is cOllsiciered. 

excellent. The variety .stewart, was produced '07 crossing Hindwn with 
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Terael emBler, and baekcrossing twice to MinciWL stewart is late 

maturing and has ·long, medium; stra.w strength. Since its release in 

194.6, stewart bas been mensive17 grown in Southern lfanitoba aDd 

Eastern SaskatcheNan. 

Crosses 

In the spring of 1955, ciialle1 crosses involving st .464., 

Arabian am. Camad.i were made in the greenhollse. In ad.dition the three 

varieties were crossed with stewart anGl Nugget. The '1 of tkese crosses 

were grown in the field the following summer. A large munber of tne'l 

plants Were backcrosseci to stewart or Nugget. Furthermore, the six 

introductions, C.1.8133" e.l.7875" C.1.7870" 0.1.7805" P.I.192179 and 

P.I.19ll'4, were crossed. initially with stewart, and. hgget. 

The '1 generation of the initial crosses and backcrosses· were 

grown in the greenhouse the following winter. Many of the F1 plants of 

crosses involviBg tile six in.trociuctiou" were backcrossed to stewart or 

Nugget. In addition" diallel crosses were maQe between the nine resistant 

varieties, giving a total of 36 crosses. 

During the summer of 1956, tile '1 of dialle1 crosses and 

backcrosses were grown in the field.. At this tiae" backcrosses from wb.icn 

poor seed set was obtained. were repeated.. The'1 of these backerosses 

were later grown. in the greenhouse. 

Rust studT 

In the summer of 1955 and. 1956, '1 plants of dialle1 crosses 

and the '2 plants o~ all avaUab1e dialle1 crosses am. backcrosses were 

tested. for mature plant reaction in the fielei. Plants were space seeded 

in OM:ttrIU()\l$ rows in. therustnwsery. At maturity, the plants were 

pulled.. the families kept separate and. later classified. for" percentage 

stem. rust",1nfection. 
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In addition" seedling tests" to determine the reaction to race 

15B of '2 generation of the dia11el crosses ancl Dackcrosses" were mad.e 

in the greenhouse. 

Method of Inoculation 

In field. tests" spreader rows composed. of very susceptiDle 

varieties such &s" Marquis" Garnet and Lemhi, were seeded at intervals 

in the rust 1Ultf~• When. the plants in the spreader rows were 6-8 inches 

high" they were inoculated with a suspension of race l5B spores in water 

by mean.s of a hypodermic needle. A. detergent,"Tween SO"" was used. to 

insure suspension of the spores in water. Inoculation was carried out at 

one foot intenals in the spreader rows. Irrigation" by m.eans of an 

overhead sprinkler system., was used. to maintain an optimllm moisture 

condition in the rust I\w~.

Inoculation in the greenhouse was performed by dusting with a 

mi..xture of talc and d.rT spores of race l5B" when the seedlings were in 

the 2-3 leaf stage. The wa:x::y bloom. was first removed by rubbing the leaves. 

A film of water was then formed. on the leaves by sprayi.ng with a weed. 

spra.y nozzle attached directly to a water line. Atter the seedlings were 

dusted. with the tale-rust spore .mixtiure" a canvas hood was put over .. the 

inoculation bed. This canvas and the seedlings were kept moist for 24­

hours to insure uniform infection. 

Classification of Rust Reaction 

An a.rbitrary sealeJ from 0-70" was used for classifyi.ng the 

plants for mature plant reaction to race lSB. A. system of classifying 

described by Peterson.!!. .!.!.(26)" was followed closely. An attempt was 

Dade to place in. the S0-7($ classes only those plants which were as 

susceptible as the parents" Nugget and stewart. 

In seedling tests" symbols described. by Stakman .!! .!!. (33)" were 

used to indicate the type of infection produced by race lSB. 



-17­

REStlLTS 

Reaction .•f Parent Varieties. 

The reactions of eleven d.urum. varieties to race l5B" obtained 

from seedling and. field. tests, are given in tables 2 and. 3" respectively. 

A close agreement was found between the reaction of the parent varieties 

to race l5i at the two stages of growth. Varieties which showed resistance 

in the seedling stage, also possessed mature plant resistance. 

The varieties, st,464" C.I.8l33, C.l.7870, C.l.78?; and C.I.7805 

are highly resistant to race 15i. The resistance of St.Jt.64 au C.I.?8Q5 

is characterized by hypersensitive flecking at both stages of gronh. The 

other three varieties gave a type 1- reaction iR the seed.ling tests, while 

in the field tests from 0-1% stem rust infection was typical. 

P.I.192179 is very similar to St.464 and. C.I.7805 in reaction 

to race l;D at both stages of growth. 

In seedling tests, tne resistance of Camadi is characterized. 

OJ' a 1-- 1 reaction, _Ue in field tests, from t-1% stem rust infection 

is typical of the variety. 

Arabian and P.1.191194 are "erately resistant to race l;D. 

In the mature plant stage" the varieties gave u.p t. 10% iIlfection, wtdle 

in the seed.ling stage Arabian gave a 2- reaction, and P.I.l,1194o a 2+­

reaction. 

stewart and Nugget are both very sllsceptible to race lSD. In 

see<1ling'tests, the varieties gave a type 4 reaction and i.a field. tests 

from. 50-7. infection was common. 

Greenhou.se and. Field Studies. 

The seedling and mature plant reaction ohtain.ed when tne F1 
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Table 2. Reaction of Parent Varieties to Raee 15B in the Field. 

f stem rust inf'eetion in ner cent.. 

!
f ~ .. 1 1

\Arab:ian. ~ ~__c_ ......__~.__Las---l-i~8_+-.,.;J.-~-+-~--l-_--+~-+_--+__. .__...-...-......'oU"""._--I

~ : i;
~--_.~----_._.~.. LMLul13,_ .. ~". 2._,. ,_c. 55 

le..IJlW:L~-.-- .+~s"~- __--+-_---+-_---I-__' ;-......·-·+----+---+-----1 31 

[c.•.I-.-rmt--_----+lL-- 11._~__ I 21 

IC.I.1875~--.~_*.._.~..-_tll,. ,4 .La.. .._,--­ ,~
I , 1 Il.c.wsos--..c_-,-.1..26 .. ',c ,.J.Q.. c.. t---L- -~. ! '3? 
I: I I 

l~l'217'._...... 11$-..-.Lu~-L_ ..2,-4--_r_-__I-___1f__-...
!:I \ 

it:UL- --I -~l~.+t_--6._·,_-_I_-I--·JJ.-··-·-·
l~~t1'_l_- i 

! 

Table 3. Seedling Reaction of Parent Varieties to Race 1513 in the Gr••naollae. 

---l__-____II___-+____~-....... 

---+1_--4__1--_~-+_J!if,,~.......---_l__4C!I!--___l
__l----l-_--L~_ -,__....J-_--+-...r....-.~~~--lo.--~____J

I 
__c. I 

,C.I.7S"/fJ ---L ~_ j-~LMu4--.L___ _ -i.-_--L-+_._+-._...l.-.__.....j.__~_+_ ••~-",•.~

'C.L7.80S----Jn.t i I 
._1.19217' ~281_ 22 ". .3 

I 

I 
I

4. fetal! 
j 

'e.lam s ~,
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generation of crosses with stewart and If~et were tested to race 1513.. 

are shown in tables 1+ and " respectively. The reaction of the F2 

generation of a Ill11I1ber of crosses to race l5B, in the seed.ling aDd. 

_ture plant stages of growth, is given in tables 6 and 7, respective17. 

The seeclling react.ion of the F2 generation of diallel crosses to raee l5i 

is given in table 8. 

The '1 results serve only to indicate the over-a.ll dominance 

of factors enteri.ng into the genotype of the '1 plants. The F2 results 

are used. primarily to establish the presence or absence of common 

factors in the parents of a particular cross. It was difficult in Est 

of the crosses to separate the '2 populations into definite reaction 

classes. It was possiOle" however, to clistinguish the fulJ.y susceptible 

plants in the '2 segregation. The plants which gave a 1+ reaction in 1;he 

seedling tests and froll 50-7($ stem nst intect1en in the field tests 

were classified as susceptible as Nugget and. stewart. In this -7 a 

ratio of resistant to susceptiDle F2 plants was obtained. which was used 

to estimate the number of factors for resistant carrie<! by the parent 

varieties. 

The genetic analy'sis of a va.riety was mai.nly 'based on backcross 

2,
data obtained. trom seed.1ing tests. In the backcross, Arabian x Nugget

results were obtained. from field. tests as well as seed.ling tests. 

A system of nomenclature was used. to obtain. mere clarity in 

describing and distinguishing the resistant factors present in the nine 

varieties. Each factor for resistance was given tne sym,lool tt.aJ:", followed 

by a subscript which was a letter of the alphabet. The author wishes to 

stress that tile nomenclature of the rust resistance factors in this study' 

is not permanent, but _s used for sake or convenience. 



Table 4. Reaction of Fl Plants to Race l5B in the Fielei. 

-----------.-------------­

1 16"e. i ..----.'-e--'-Tee----~'--
, to 

129e .. __eel. e'ee.. e_e_ 

Table 5. Seedling Reaction of 'I. Plants to Race lSB in tne Greenhouse. 

Cross 
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Taole 6. Reaction e! '2 Plants to Race 151 in the Field. 

stem. rust reaction. in per cent. 

Cross 0: 1 5 It 20 -~,~,~~r-lt'­ 50~_~_ 68 78 fotal -
q+­ I.J,.J.. x stewart 30 58 66 32 32 32 24 10 4­ 299 

at.4G4 x Bugget 42 50 64 49 40 :u. 23 8 6 29& 
.',,,.,...,._,",.,CO -'"~-"'-'-- ....,......._~~.;.--,.""-'e .... '-'-.._~.,-.,. ......~-' ......"'., _.<­ '........'­

Arabian x 8tewari 1 , 53 61 24­ 43 54 2t 4 269 
-'.~1-._­ ~---

Arabian x luuet 2 39 110 56 Z1 32 ~l ,19 4 35'....,~ "'",_._-" .,~.<- ......' 

Camadi x Stewart 5 1.3 10 2' 6S 75 43 28 ; ZlI;,_. 
Camadi x Nlleet 10 53 37 54 145 108 182 98 44 791 

St.lt.6k x Arabian. US ~- III 38 16 12 12 1 349 
,;;---.~ .... 

Camadi x Arabian 68 1G2 57 9 11 I;, 1 255 

st.4G4 x Camadi 892814 5 6 6 2 152 
~~,~~--,~... ~-_ .._I..._---~

Table 7. React ion. of F2 Seedlings to Raee 15 in the Greenhouse• 
...'-_._-_.­.._ .....,.... _
Type of reaction. 

.~_.,'

I 
ft. 1- 1+ X - 2- 2+ %. ~

+1-'-' ~+~-;LrDSB y1 ~ '1'nt.~'k. 

..2 11 50 665st.~x ,stEn'la,rt 52 5 5 4011 19129 2eS 50 56 7 

81;.464 x Nugget 22 I 21III 61 29 S 119 23 34059 .3 .37 

Arabian x 8tewar1 1.234­ ._2_... _,_2_~ ._~...21 ..1!O_- -22_ --_-...'." -
2 • 1eArabian x .Nu.gget 300214 50 S 

..,-,..._~- 1 
,,*.-= c,"_..~'" l' 



TableS. The Range in Seedling Reaction to Race 15:8 of F2 Plants 
froll Diallel Crosses. 

Parents St. 
4h4 Arab. Pamadi 

C.I. 
813.3 

C.I. 
1f?fl5 

C.I. 
7878 

C.I. 
7805 

P.I. P.l. 
192179 19119_ 

st.464 • ;-2 + ;-4 ;-2­ ;-2 ­ ;-2 ;-1 ;-1­ :-4, 

Arabian +;--2 • ;-4­ --2 --2-t::'._._ .•- ...~.~- --2..~.. :-2 :-.2 1--2+ 

Camadi 

e.I.8133 

C.I.78:1S 
C.I.7S70 

;-4 
;-2­

;-2­

;-2 

;-4­

--2, 
;-2 
;-2 

-
;-4 

;-4 
;-4 

;-4 ;-4 . 
• 1-.2 
---~

•._",....•..,...-.
1-2 

-­
;-2 1-.2 

;-4, 

~~

l~-

-

-
;-2 

;-2­-;-2 

• 
;-2 

;-2­.,.
;-2 

;-4 

1-4 
;-4 
1=.X+ 

~.I.78()S ;-1 ;-2 .. ;-2 --2­, ;-2­ • ;-1 ;-4 

!P.I.192179 

~.I.191194

;-1­

;-4 
;-2 

- +1-2 

.. 
;-4 

;-2 

;-4 

;-2­

;-4 

;-2 + 

• + 
11.' -r 

;-1 

;-4 

.. 
;-4 

;-4 

-
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5\,#4. P.I.192119 aaci 0.1.7802. 

The three varieties" st.464." P.I.192179 and C.l.780S are verr 

sim.i.lar in both their seedling and. mature pla.ntreaction to race l5B. 

All three gave ; -1= pustules in the seedling stage and from 0-1$ 

infection. under field tests. 

The reaction of F1 plants to race 15B in the seedling and 

field. tests (tables Ji;and S,) showed that the factor or fa.ctors in each 

of the varieties was domina.nt. The results of rust tests on plants from 

crosses and baekerosses involving, 5t.464" P.I.192179 and C.1.7805 are 

given in tables 9 and 10. 

Backcross data obtained from seedling tests inciicated that 

2"two factors are present in each variety. In backcross" 5t.464 x stewart

e:r F2 families were tested for seedling reaction. The observed ratio of 

,&6 segregating : 21 susceptiblefa.mil.ies is a good. fit to a 3:1 or a 2 

factor backcross ratio. A.dditional evidence was obtained from the 

backcross with Nugget. Of 54 F2 families tested" U segregating and 1.3 

were susceptible. This segregation wiJ..l also fit a 3:1 ratio and supports 

the hypothesis that 5t.464 has two factors for resistance. 

Tabl.e ,. Segregation of F2 Backcross Families iD Seedling Tests with Race 15S• 
. 

Cross 

2st.464 x stew.

st.464 x Nug. 2 

P.1.192179 x stew.2 

C.I.7SC>5 x stew.2 

Number of .. 1"'aaities 
Total. Segregating Susceptible Ratio Probability 

87 I 66 21 3:1 .5Ow.95 

54 41 13 3:1 .'0....95 

29 i 24­ 5 3:1 .20-.50, 

35 'Z7 8 .3:1 .20-.50 
1$ .3 3:1 
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With P.1.192179, data are anUaba C\)nly froll the 'backcross to 

Stewart. The observed ratio of 24 segregating :5 susceptible F2 families 

will fit a 3:1 ratio. A chi square test for goodness of fit gave a 

proba.bility value of between .20 - .50. This strongly suggests the 

presence of two factors in the variety. 

The presence of two factors for resistance in C.1.7805 was 

2indicated. by the results obtained from the backcrossea, C.1.7805 x stewart

2au C.1.7805x lugget • Of 35 '2 families tested from. the backcrosses with 

stewart., 27 segregated. and S were susceptible, .nile in the backcross with 

liugget. the obserV'ed ratio of 15 segregatiDg :3 sllsceptible families was 

o'btained. In both backcrosses segregation will fit a 3:1 or a 2 factor 

backcross ratio. 

'1'abl. 10. Results from Rust Tests on F2 Populations froa the Grosses 
Involving 81',.4.04, P.1.192119 and. C.1.78e5. 

Cross or Type of 
'fest. 

Huber of plants 
Ratio ProbabilityTotal IResistant iSusceptible 

i , 
Seedling Tests 

st.464 x stewart 665 615 50 15:1 .1o-.2() 

st.464 x Nugget 340 319 2l 15:1 .50-.95 

P.I.192179 x 5t.464 159 lSO 0 e • 
C.I.7805 x st.464 I J.1() no e 0 -
C.1.7805 x P.I.192179 

t 
91 91 0 0 • 

Field Tests 

5t.464 x stewart 299 285 14 15:1 .20-.50 

51',.464- x. lugget 296 282 14 15:1 .20-.50 

'fae diallel cresse., <:.1.7805 x 8t.404, P.I.192179 Jt st.46l., 

and C.I.7805 x P.I.19217', were tested. for seedling reaction to race 15B. 



All F2 plants obtained. in each cross were as resistant as the parents 

indica.ting that the two factors tor resistance ill each 'Variety- are 

the same. 

The two factors present in. each of the varieties, 8t.464., 

P.I.1C;217' and 0.1.7805.. are indepeDdent and bve an additive etfect 

en resistance to race 1;B. One factor, wbich nll be d.esigna.ted .§rA, 

controls a type l-I: reactioD ud the otker, which ltill he designated 

SrB, a type 2 reaction. The combination at the two faeters results in 

high resistance characterized by llnersensitive tlecl:d.Dg. 

Reactions wit:b.in sorae F2 tamilies in. each backcross indica.ted 

that one or two factors were segrega.ting. In some families the reactions 

indica.ted that tltO independent factors were segregating. This was verified 

by the ratio of 1; resistant to oDe susceptible plant that was obtained 

within the families. In other families a 3:1 ra.tio was obtained. indicating 

that onlT one factor was segregating. An examination of tne reaction 

within the 'backcross families, suggested that some of the families segrega.ted. 

for the factor §!:A, while the rest segregated tor the factor ~. The 

remaind.er et the fa.mi.lies were f~ susceptihle. 

In the cross, P.I.192179 x Stewart2, of 2' F2 families testes., 

3 segregated. tor both factors, '7 segregated for the factor §.!:B, , segregated. 

tor the fa.ctor ~\ and. 5 were susceptible. This is a satistactery tit to a 

1:1:1:1 ratio which is expected when two independent factors are segregating. 

In the eross, C.I.7S05 x Stewart2, a total of 3; 12 families were 

tested, 11 of which segregated for 'beth fa.ctors, 10 segregated tor the factor 

~, 0 segregated for the factor §!:A and 8 were susceptible. Here again the 

segregation fits a 1:1:1:1 ratio giving a probability value of between .10 

and .20. 
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In only 16 F2 families of the cross,8t.464 x stewart~ was the 

reaction clear enough to determ.ine the nli1Xl1ber of factors segregating on 

the Oasis of the ratios obtained.. ()f' these 16 families, 5 segregated for 

both factors, 4 segregated for factor .§£B' 3 segregated. for the factor 

SrA and 4 were susceptible. The segregation suggests a 1:1:1:1 ratio 

supporting the evidence for the presence of two factors for resistance 

in. 5t.464. In the other backcross fa.mil.ies, the seedling tests were run 

at a different time and the reaction obtained. was not clear enough to 

aeparate the families which segregated fDr the factor SrA, or tor the 

factor .§!:B' or for both. factors. 

The data from. the tests on '2 plants (table a) corroborate 

the backcross resuts with 5t.404. In seedling tests, the erees,5t.464 x 

stewart, gave a ratio of 615 resistant : 5(') soceptible F2 plants. ()f 340 

F2 plants classified in tae cross with Nugget, 31' were resistant and. 21 

were susceptible. In both crosses, segregation fits a 15:1 ratio wtdeh 

is expecteci when 2 iD.d.e,endent factors are segregating. 

In field tests, a total of 2"'2 plants were classified. tor 

percentage intection in the eross, 8t.464 x stewart. The observed ratio 

of 285 resistant :14 sllsceptible plants is a satisfactory tit to a lS~

ratio. A chi sqaare test for goodness of fit gaY'e a proba'bilit;r n.lue of 

hetween .2() and .5('). Acldit10nal nUence was obtaiaed from. the cross with 

Nugget. The segregation obtained, 282 resis1iant :14 susceptible F2 plants, 

fits a 15:1 ratio and supports the evidence for the presence of two 

fa.ctors for resistance in st.464. 

Tae hypothesis that St.404, P.I.19217' and 0.1.7805 bave tw 

common factors for resistance to race 15B agrees wita results reported hy 

Heermann .!! .!!. (19), but the presellce of ad.ditional factors whica modi.f;r 

tae _tve plant reaction of the varieties, is not supported by'resuts 

obtained in this study. 
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'fables 11 and 12 give. tlle data obtaiaed from the crosses 

and backcrosses involving Arabian. 

The results troll the backcrossea, AraDian x stewa.rt2 aDd 

AraDian x Rugget~ are conflicting. The presence of three or tour 

factors is iDdica.ted in the bacleeress with stewart. Tae obsened. 

~tio of 84 segregating :6 susceptible F2 famUles will fit either a 

7:1 or a 1S:1 ratio. On the other hand, the results fr01ll the bacleero•• 

with Hugget.. seem 'toahow that Arabian bas oD17 t1lO factors for 

resistance. Of 12' F2 familie. iiested, '8 segregated aad ,31 were 

susceptible. This segregatioD is a goed 3:1 ratio giviag a probabilit7 

value of bet.......;0 and .'S. The d.ifference in reaction in the two 

backcross.. caD IlOt De explain.ed. The presence of two factors, both of 

which give a 2 reactioa 18 clear. Oae of the factors results in a poorer 

resistance than the other ancl is characterized. b7 a 2'"reaction. Taere is 

a possibilit,.. that Arabian. possesses ODe or two factors 1tdl1ch govera a 

1-X reaction. This was not definitely established. from 'backcross data, 

but was indicated in d1&lle1 crosses. The co.uibiu.tion of the Arabian 

factors results iD moderate resistance characterized b7 small pustules 

similar to a 1 reaction aDd the presence of definite "green isla.nd.s· 

tTPiea1 of a 2 reaction. The reaction of Arabian was designated b7 a 2-. 

Table 11. Segregation of F2 BaekcrossFamilies ill Seedliag Tests with Race 1S.8• 
.". 

liumber of rim11.ies 
Croas Total Segregatirlg!Suseeptib1e 

I ,2
Arab1an x stewart l 90 84 I 
Arab:i.all x Nqget.2 I 129 9' I '1 

Probabilitb:tie 

7:1 .8S-.J.O 
lS:l .9;-." 

.So-.9S':1 
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The presence of two factors in Arabian was also 1Diicated. b7 

results eotaiDea. when the F2 plants of crosses, Arabian x stewart and. 

Arabian x Nugget, were tested for seedling reaction to race 15B. In 

the cross with stewart, a ratio of 289 resistant :21 susceptible was 

obtaiaed., wkU. in the cross with Ifugget the ratio wa., 282 resutant 

:19 susceptible F2 plants. In. both crosses, segregation tits a 15:1 

ratio which is expected. wken tn tactors are segrega:tiiag. 

Table 12. aesults from. Rut Tests 011 F2 PopulatieDs tre. the Croas.s
Involving Arabian.

Cross or Typeot 
Test. 

Seecll:1ng Tests. 

Rumber of p1ants. 

Arab:l.an x stewart 

Arabian x Nugget 

5t.464 x Arabia. 

Field Tests. 

Arabian x ste.rt 

AraDian x Nugget 

st.464 x AraDian 

31$ 

301 

517 

269 

359 

'49 

289' 

282 

517 

245 

336 

'49 

21 

19 

0 

24 

23 

0 

15:1 .20-.;0 

15:1 .95-.99 

0 • 

15:1 .o5-.J.e 

15:1 .51-.9, 
0 • 

Results froll field tests npported the llJrpothesis tbat ArabiaD 

has oD.lJ two factors tor resistance to race lSB. Thirt7-one F2 tamU1ea 

2
of tne backcross, Arabian x Nugget, were classified tor reaction to race 

lSB. The observed ratio ot 23 segregatiag :8 susceptible will fit a 3:1 

or a 2 factor backcross ratio. 

Of 209 F2 plants classified from the cross, Arabiaa x ste_rt, 

245 were resistant and. 24 were susceptiBle, whU. in the cross with 

lIugget, 282 were resistant aDd 19 susceptible. In both cro.se., segregation 
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fits a 15:1 or a two factor ratio. 

TheF2 resuts ·of the cross, Arabian x 8t.464, suggested. the 
-, 

presence of a co_a factor in the two parents. Of .349 '2 plants 

classified for mature plant reactioa to race 15B, noae was susceptible. 

III seedling tests the same cross gave a similar result. In the F2 

generation, the reaction of resistant plaBts ranged. from a ; to a type 

2-. The absence of f~ sllSceptible plaBts clea.r17 i.Dd.icate. that the 

varieties, St.464 aad. Arabian, have oae factor ia eo_a. Since the 

preseace of a ·factor t11at conditions a 2 reactiea has been established 

i.a 'both st.404 and Arabian on the basis of backcross result., it 18 

logical to asslIDle that, the factor.§£B is COImlOR to tae tw varieties. 
+

The factor that co_ita_ a 2 reaction in Arabian wa_ designated as 

'fhe results of rust tests from crosses and. NOlteroS." in'Yolviag 

P.1.191194 are given ia tables 13 aDd. 14. 

The mM..rat. resistance of P.1.191194 was foUD.d. to be controlled. 

D7 a single factor. Results were obtained orUy ill·the backcross with 

stewart. The observed ratio of 18 segregatiag :16 susceptihle 1'2 families 

18 a good fit to a 1:1 or a oae factor backcross ratio. In a homes7Pu 

condition, the factor gives a 2+reaction. 

The seeclliag reaction of the 1'2 generaticm of' the cross, ArabiaD. 

x P.1.19U94, indicated. the presence of a cODlllOn factor in the pareJlt;s. 

No susceptible plants were found in. a total of • F2 plants exam ned. 
.+

SegreptiMl or resistant plaats ranged fro. 1 to 2 react.ion. Although 

the results are limit.ed, it appears tbat the factor 1ddch coDdit1o. a 

2+reaction in P.I.191194 is identical with the !tc factor of Arabiaa. 
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Segregation was obtaiDed in the·diallel. crosses.. P.1.1911'4 

%st.464.. P.I.192179 x P.I.1911'4 and 0.1.7805 x P.1.191194.. indicating 

that, P.I.1911'4 40es not baTe a cOllJlDOn factor with the other three 

parents. 

'fable 13. Segregation of F2 Backcross Fam1l.ies in Seedling 'fes1is with l.ace lSB. 

Cross 

2p.I.19n'4 x stevan 
Rat10 

1:1 

ProbabUit 

.50-.,S 

Table 14. Reau.l.ts troa Seedling Tests on '2 Population from tl1e Crosaes 
Involving P.I.191194. 

.'WIDer of plants 
Cross o a Res :t Suee e 

p.I.19n'4 x 8t.464 

P.I.192179 % P.I.191194 

117 

83 

112 

79 

S 

3 

C.I.7SG5 x P.I.191194 5S S3 2 

p.I.19n'4 x AraDiu. se 8) G 

The segregation of the F2 generation of crosses aDd. NCkerosS. 

i.Rv'olvi.:mg Camdi is given in tables 15 and 16. 

Evidence from. backcrosses to Stewart iBdicates that oDlJ" one 

factor for resistance to race l5i is present 1m ea-di. A. ratio of 41 

segregating :42 susceptible families was obtained in the F2 backcross 

gemeration. This is a good. 1:1 or a one factor backcross ratio. Further 

eyUlenc. was obtained. from the backcross" Camadi xliugget2• Of 28 tam1l.ies 

tested, 13 segregated aDd. 15 were susceptible. This is a good 1:1 ratio 



giving a. probability value of between .50 and .9,. 
The reaction of the '1 generatioB of the erosse., Camadi x 

Stewart and Camacii x Iugget (tables 4 ud ;), suggested tha.t th.e factor 

tor resistance present in Camadi is i.n.collplete17 dominant. In a 

h~oz7go~s condition the factor gives a 1-. 1 reaction, while in a 

heterozygous condition a X-3 reaction is typical. 

Table 15. Segregation ot '2 Backcross Families in Seedling Tests with Race l5D. 
. 

Cross 
-
Camati x Stewart2 

Camadi x )hagget2 
> 

~ I 

Ih.ber of families 
Tetal ~egregating !Susceptible Ratio lProbability 

83 41 42 1:1 .50-." 
28 1:3 15 1:1 .50-.95 

The evidence tor the presence of a single factor in Cuad! _. 

supported by field. studies. In the cross, Camad.i x Stewart, the ra.tio 

obtained, 200 resistant :76 s\18ceptiDle plants 1s a good fit to a 3:1 

ratio. In addition, 791 F2 plants of the cross with lugget were classified 

tor per cent i.m.teetion. The observed ratio of 467 resistant to 324 

susceptible '2 plants lJill not fit a 3:1 ra.tio. Difficulty was experienced 

in distinguishing tne p1aD.ts that were het,erozygous tor the Caaad.i factor 

aBO. the plants that were 8llScepti'Dle. Hisclassification of '2 plants coulcl 

explain the la.rge number in the susceptible class. 

Results obtaineEi from seedJ.iJ1g and field tests in the cross, 

Gamacii x St.4'4, are similar. In seecilimg tests, I> of 278 r2 plaDts 

tested were susceptible, Wile in field tests, 2 of 1;2 '2 plants 

classified were susceptible. In each of the two crosses, segregation fits 

a. '3:1 ratio indicating a three factor difference between the two varieties.• 



This result agrees with the conclusions t.bat Cauadi bas one factor and 

8t.464 bas t.wo factors tor resistance 1;0 race 15B. 

Tabl. 16. Results froll Rust Tests on '2 Populations from 1;he Crosses 
Involving Caacii. 

Cross or Type of 
Test. 

BtUDl:>er of pJ.aats. 

Resistant Ratio ~ba'bilit7:ktaceptibleTot.al 

Seedling Tests 
I 

.5(1)..9;Camadi x Arabian I 578 I 575 I .3 255:1 
I 63:16 .28-.588t.464 x Camdi 278 272 

I 15:1 .lO-.2t60Caradi x P.I.191194 67 7 
FieU Tests I I I 

Caadi x stnart Z'/6I 
Cauadi x Nugget I 191 

ICamadi x AraDian 25; 

8t.464- x Camad.l 152I 

16 
I 

200 I .3:1 

401 I 324­ .3:1 

25S 
I 

I 0 0 

158 J 2 6.3:1 

.20-.5' 

.01 

•
•50-.9S 

A total of 518 F2 plant. of the croe. between Camadi x ArahiaD 

were t ..ted for seedling reaction to race 151. 'I'll. observed segregation 

of 575 reaistant :3 slilSceptible plants w1ll tit a 255:1 ratio suggesting 

that. iJl addition to the Camad,l factor" tAre. factors of Arabian were 

segregating. In tiel. teat., segreption _a not obtained. in 1;he F2 

geaerat10a of the same crosa. However" the D.lI:IIber of F2 plaats te.ted. for 

_ture plant reaction _s too small to d.raw &IQ" d.efinite conol\1810118. Of 

a total of 61 F2 plants classified tor _tve plant reaction troll ta. 
cross. ea-di xP.I.191194. 60 were resistant aDd. 1 were susceptible. This 

segregation tits a 15:1 rat,io giving a prebability- value of .10-.20. Thia 

result agrees with the b.7Pothesia that each parent bas a siRgle factor 

for resistance to race lSH. 



Since it has been established. that Camadi does not possess the 

factors ~ §£A' ~ or .§£c, the factor which controls the resistance of 

the variety was designated· as ~.

e.1.7815 

The data obtained. from the crosses and. backcrosses involving 

C.1.7875 are given in tables 17 and 1S. 

Results obtained from. the backcross to Stewart suggested that 

the resistance of C.1.7875 is controlled. b7 a single dominant factor. 

or a total of 51 F2 families tested, 27 segregated and 24 were susceptible. 

Tais is a good. 1:1 ra.tio. A chi square test for goodness of fit gave a 

prooability value of between .So-.95. In a homozygous condition the factor 

gives a 1= - 1- reaction~ while in a heterozygous condition a X-2 reaction 

is obtained. 

Table 17. Segregation of F2 Backcross Families in Seedling Tests with Race I5B• 
.. 

HlIl'liber of tUil~s
Cross Total Segregatin! SusceptiblE Ratio Probability 

C.1.7P:15 2 
24­ 1:1 .50-.'5x stewart 51 27 

Crosses of 0.1.7875 with P.1.19217', st.464 and 0.1.7805 did 

not result in segregation in the F2 generation. This is taken as an 

i:nd.ica.tion of the presence of a. common factor in the four parents. 

Since 0.1.7875 gives a 1- reaction, it is logical to asswne tbat the 

factor SrA, which controls a 1 - X reaction, is present in all four 

varieties. 
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Table 18. Result. fro. Seed.ling Tests on 1'2 Population from. the Cross.s 
Involving C.I~7875. ..~

Cross 
lumber of pl.aDts 

Res1etaat SUsceptible 

C.l.7875 x 8t.4'4 lQl 1tl1 

e.l.7805 x e.1.7815 48 48 

P.I.l92119 x 0.1.7875 84­ 84 

0.1.7875 x AraD1an J.09 109 

0.1.7875 x P.I.l'1l94 68 66 
0.1.7875 x Camadi 89 85 

Bo segregation •• obtairlecl irl the J!2 geaeration of the cross 

between Arabian aDd 0.1.7875. TDia result caD not be explained. on the 

hypothesis .s18 that C.l.7lflS has oD11' the SrA factor. Asslllli.as that 

Arabian has two factors aDd. C.1.7875 lias one factor for resistance, 1 

:1n 6.3 plaat. should be susceptible ia the F2 generation. Since oDlT 80 

J!2 plants were. tested.. the cbances of Dot obtai.ni.Dg a susceptible plant 

is great. 

Tables 19 aDd 20 give the segregation of' the '2 generation of 

crosses and 'backcrosse. imrolving 0.1.7870. 

Backcross data iDdicateci that 2 factors tor resistance are 

present in o.1.7870. ()f 63 F2 families examinea from the backcross C.I. 

7St/a x stewart2" 44 segregated and. 19 were susceptiBle. This segregation 

fits a 3:1 or a two factor backcross ratio. 

Qn.eof the factors of 0.1.7870 appears to be the factor SrA 

that is also :round. in 0.1.1875, e.l.Taos" P.l.192179 and St.464. In 
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the cross.. 0.1.7870 %C.1.7875.. no segregation was obtained in the '2 

genera.tion ~ica.ting tbat the factor SrA of C.l.7ifT5 is also preseat 

in. C.1.'1870. Su.pporting evi4ence was obta~ed. from the crosses of C.l. 

7tJf10 with 8t.l+64, P.1.192179 and. C.1.7805. No susceptible plants were 

obtained in the '2 generatien. The reaction of resistant plants ramged. 

from. ; to type 2. This suggests that C.1.7870 possesses only the Sr, 

factor and not the factor.§£B of 5t.464, P.I.192179 and C.I.7S05•. 

Table 19. Segregation of '2 Backcross Families in Seedling Tests with Race 151. 

Cross 

2
C.1.'1870 % stewart 

lumber of tam~s

Ratio ProaabilityTotal Segregatinl Susceptible 

" 44 l' 3:1 .20-.50 

The restilts from. the cross between C.l.7870 and. Arabian 

indicated. a common factor in the parents. Of ll6 F2 plants classified, 

none was tul.J.y susceptible. Reaction of resistant plants in the '2 

generation ranged from ; to t7»8 2. Since it has Deen established tba,t 

the.§£a factor of 8t.464.. 0.1.7805, P.I.192179 aDd Arabian is DDt present 

in 0.1.7870, tfte possiDilit7 that the .§tC factor is comraon iD C.I.7S'16 and 

Arabian is suggested. Supporting ev1d.enee tor tftU hypothesis was given b7 

tberesults of the cross J C.I.7870 % P.1.191194. Of " r2 plants 

examined., •none was tul.l7 susceptible suggesting that the factor S£e of 

P.I.191194 is also present in C.I.787(). In the two crosses, C.I.7S76 x 

Arabian and C.I.7870 x P.I.1911'4, the number of '2 plants tested. is 

small. The eOllclusions ade troa these crossee,theretore, are not definite. 

SegregatioD was obtained. in the cross.. C.1.7870 % CaDadi 'I 

ind.icati.ag that the two varieties d.o DOt baTe a common factor tor 

resistance to race l5B. 
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Table' 20•.Result. from Seedling 'fests Oil F2 Population from the Cresses 
Involving 0.1,7870... 

Number of plaBts 
Cress Total I Resistan.t SusceptiDle 

0.1.7870 x st.4'4 

C.I.7870 x Arabian 

0.1.1870 x 0.1.7875 

P.I.192l79 x C.1.7875 

e.I.7OO5 x 0.1.7870 

C.I.7870 x P.1.191194 

e.I.7878 x Camadi 

14.3 

116 

l' 
56 

4].' 

ss 
54 

t 
1 143 
\ 

116 

13 

56 

41 
. , 

I " 
53 

o 
o 
() 

e 

o 
o 
12. 

The results of rut tests on plants from crosses a" backcrosse. 

involving C.I.813' are given in tables 21 and 22. 

2The results obtahleci from the backcross, C.l.8133 x stewart , 

are not clear. The observe4 ratio of 44 segregating :26 susceptible F2 

families d.oes not fit either a 1:1 or a 3=1 ratio. In the segregating 

'2 families, ratios of 15:1 am 3:1 were obtained sucgestiDg tbat t_ 

factors vere segregating. SupportiDg evidence for the presence of two 

factors for resistance hC.I.Sl'3 _s obtaineci from the Dackeres. with 

lugget. Of 10 '2 families tested., 8 segregated and. 2 were susceptible. 

This is a good. fit to a 3:1 ratio giving a probabUit,. of between.50 

0.1.8133 was foU11cl to possess the factor BrA which conclitlou 

a I-X rea.ctioa. This was estaDlished from the cross oetween 0.1.81.3.3 

a.ncl 0.1.7875. Wo segregation wa. obtained. in tneF2 generation of this 

cross, suggesting tbai; tne factor §tA. of C.l.7S75 is also present i.a , 
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C.~.8133. Further evidence 1I&S obtained from the cro8~es, 0.1.813.3 x 

st.464, 0.1.813.3 x P.I.192179 and C~1.8133 x 0.1.7805. or 227 F2 plaat. 

tested for seedling reaction, Dene was full.y' susceptiale, indicatiDc 

that a COlDllOJl factor is present. in all four variet.ies. Since the 

presence of the factor BrA was established in each varietT, it is logical 

to asswne that it is the CO.mDlOn factor. 

Table 21. Segregation of F2 Backcross Fam1lies in SeecUing Tests with Race JSB. 

Cross 

C.l.8133 stewart~x 

0.1.8l.33 x Nugget2 

Hl1DIber of ~lPs

Total Segregating ~U8ceptj})le

2b70 44I 

f 10 8 2 

Katio 
1:1 
.3:1 
.3:1 

PreDabUit,. 

.'2-.05 

.01-.02 

.5....95 

Tab1.22. Results from Seedliag Tests Oll F2 Population from the Crosses 
Involving 0.1.8133. 

Il1!Iber of plaat8 
Cross Total Reautaat SUe.ptiDle 

C.I.8133 x st.464 

P.l.192l79 x 0.1.8133 

150 

93 

150 

93 

o 

o 

e.I.780S x C.1.813.3 84­ 84­ o 

C.l.81.33 x ArabiaD 82 o82 

0.1.8133 x C.l.7815 66 o"
78C.l.8133 x P.I.1911'4 80 2 

C.l.8133 x C&madi 117 115 2 

C.l.7870 x C.1.8133 60 " o 

The :identity of the second factor for resistance in C.I.81.33 

bas not been established. B.eaetaa of segregating '2 fam1lies of bacle­

crosses with stewart and Nugget suggested thatC.I.8l33 possesses a 
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factor which conditions a 2 reaction in addition to a factor SrA which 

controls a l-X reaction. The results from the cross between C~1.7f178 

and. 0.1.8133 showed. that these two parents have only the factor SrA in 

common. No suscepti.hle plants were obtained. in the'2 generation, but 

plants tbat were more nsceptihle tban either of the parents were 

obtained. This ialicate. tbat the factor .§r.c wh1cb 0.1.7870 possesses 

is not present in 0.1.8133. This conclusion is supported. bJ' the results 

of the cross, C~I.8133 x P.I.l'1l'4. Segregation was obtained. in theF2 

generation, d.efinite1Jr showiDg that the varieties do not possess & 

co... factor for resistance to raCe 15B. 

or S2 F2 plants examined from the cross, 0.1.8133 x Arabian. 

none was susceptible. Reaction of resistant plants raaged from. ; to 

type 2 indicat1ag the presence of a COJDlll8. factor. This result can no1; 

be eJqUaineci since it was established tbat C.I.81.33 does not possess 

~he~ or·~c factors .f AraD1aa. The ~er of_plants· tested in the 

F2 generation kowever, was far too small to allow ~ detinit.e 

conclusions to be _de. 



DISCUSSION 

The results obtained in this stlld7 are valuable to a plant 

breeder who is interested in using any of the varieties investigated in 

a breeding program. A number of factors for resistance to race 15B were 

found to 'be present in the varieties studW. 

The varieties. 5t.464, P.1.192179 and e.I.7S05 appear to be the 

best sources of resistance to raee lSB. The combination of the factors• 

.§.£A &11<1 Srlb results in near im.unity to the rust in the seedl.hg and mature 

plant stage. Individuall7. BrA. which coDditiou a l ..X reaction, results 

in abetter resistance than the factor ~, which controls a. 2 reaction. 

The value of the purple seeded varieties, Camadi, C.1.7805, 

C.l.S133 aDd. C.1.7870, as parents in a breeding program, is questionable. 

An amber see<ied. du.rum. is .desirable for the manufacture of macaroni and 

relate<! pre<iucts. Preliminary stu.dy on the inheritance of the purple seed 

color of Camadi indicated that the character is domiDant and is inherited 

in a complex ma.rmer. In the segregating generation of a cross between 

Ga_<ii and Nugget or stewart, a large number of plants wOuld haTe to be 

grown to obtain the combination of amber seed color and rust resistance. 

lil most breeding programs this would be impractical. By using a 'backcross 

program this problem can be avoided. Arter backcrossiDg to Nugget or 

stewart for several generations and selecting for amber seed eolor, the 

purple seed character can be eliminated.. 

The resistance of Ara.bian is sufficient to be of value as a 

parent in a program. to develop a high. quality <iurum variety resistant to 

race JSB. In field tests, the variety gives from 5-10% stem rust infection. 

The variety, P.I.lc;1l94, which possesses only the.§!:c factor of Arabian" 

is :interior as a source of resistance to race 15B. Furthermore" the variety 
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is mueh later in maturity than Arabian. 

The reactions obtained in seedling aDd. field tests were 

comparable. The field. tests, however.J are not very reli.a.ble for 

determining the nwnber of factors for resistance present in the parents 

of a particular cross. Plants in the segregating population usually.. 

show a continuous variation from resistance to susceptibility. In addition.. 

JDaJ11' environmental factors influence the rust reaction of individual 

plants so that their correct classification is difficult. Field tests.. 

however, are useful in testing the reaction of diallel crosses and thereby, 

establish tne presence or absence of common factors in the parents of a 

cross. In greenhouse tests, the number of plants that can be tested for 

seedling reaction is limited. by the space avaUable. This limitation is 

not present in field tests. In. this study, most of the diallel crosses 

were tested for seedling reaction to race 15B in the greenhouse. As a 

result the number of F2 generation plants tested from some of the di&llel 

cross was far too small to indicate the relati0nship of the factors for 

resistance in the parents. 

Rust tests are being continued to clarify the .inheritance of 

resistance in some of the varieties. Additional '2 families of the 

backcrosses, C.I.7870 x Stewart
2 

and C.l.Sl33 x stewart~ are being tested 

for seedling reaction to race 15B in the greenhouse. Furthermore, critical 

diallel crosses are being tested. for seedling reaction•. The results of 

these tests are not available for this report. Additional field tests will 

be conducted to obtain more information on tne mature plant reaction of 

the F2 generation, of diallel crosses and backeroases itlvolving varieties 

of which the inheritance of resistance is not clear. 

A limitation of this study is that only one race of stem. rust 

was used. Race l5B was selected because it is the most prevalent and the 
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most virulent race attacking tb. commercially grown aurum. varieties 

in Western Canada. Originally, -t was intended to use race 56 as 

well, but no variety 8usceptibl to the race could be obtained. The 

possibUity that the establislle factors in the variety investigated. 

give resistance to other ra.ces s not studied. 



1. Nhe varieties, 5t.464, cii, Arabian, 0.1.8133, C.1.7805, 

nal Rust NursU17, vere staied for

inheritance of resistance race l5B.

2. Seedling and mature plant r cticn of the va.rieties were obtained. 

from field. and greenhouse s ··ud.ies. All nine varieties showed. good. 

resistance to race l5S at b th stages of growth. 

3. Eaeh variety was crossed. Dackerossed to Nugget and stewart, 

both of which are very- sue ptib1e to race 15B. In addition, 

diallel crosses were made b tween the resistant varieties, involving 

a total of 36 crosses.

4. The '2 of all available d1a el crosses and backerosses was tested 

for sture plant reaction the field.. Ia addition, seedling tests 

with race l5B have been ear led out on F2 famllies from the majority 

of diallel crosses and bac 

5. st.4b4, P.I.192179 and. C.I. 805 were found to bave two common factors 

for resistance. GAe factor, ~, conditiou a 1-X reaction and· the 

second factor §!B, controls a 2 reaction in the seecUing stage. The 

combination of the tlft') fact rs results in aigh resistanee characterized. 

by a hypersensitive flee· at ooth stages of growth. 

6. The presenee of two factors for resistance was definitelJr estaolished 

in Arabian. One tactor is S which is also present in st.464, P.l• 
...

192179 and C.1.7805. The ot er tactor, Sre, conditions a 2 reaction 

in the seedling stage. The ombinatiou or the Arabian factors result,s 
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7. The moderate resistance of .l.l,n'4 is controlled bY' a single 

factor ~~ which is also f, in Arabian. 

8. Ca.mad.i was foud. to possess incompletelY' dominant faetor which 

in a homozygous condition r sults in a 1-- 1 reaction and. in a 

heterozygous condition a:1- reaction. The factor designated. .§!:D. 

,. The presence of tb.e factor A. was established in C.l.7ff75. 

J.(). The varieties, C.l.7S70 and .1.8133, have two factors for resistance 

to race 15B. Both varieties bave the factor .§£A. Some evicience was 

obtained to show that the s cond factor of C.I.7870 is .§!:e which is 

also present in Arabian and .1.1'11'4. The identitY' of the aecoBd 

factor of C.l.8l33 was not stablished.. The variet)" appeared to 

possess a tacter which cond· ions a 2 reaction, but is not ~ or §Ac. 
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