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The physiologic specialization of nine isolates of stripe rust

(Puccinia striiformis West.) collected in the Pacific Northwest

was determined. The separation of races was based on the differ-

ential susceptibility of the following wheat varieties: Cappelle

Desprez, Chinese 166, Dippes Triumph, Druchamp, Etoile de

Choisy, Flamingo, Gaines, Golden, Ibis, Leda, Michigan Amber,

Moro, Omar, Rubis and Suwon x Omar 4.

Four race groups were identified on the differential wheat

varieties when grown at a constant 18 C temperature; however,

eight races could be identified when the temperature was lowered

to 2C during the 10 hour dark period (2/18 C cycle). Race groups

could be identified in the 18 C growth chamber using only five

commercially grown Pacific Northwest wheat varieties (Gaines,



Omar, Golden, Moro and Druchamp). Seven of the eight isolates

tested under the 2/18 C temperature cycle could be identified using

these same five commercial varieties.

The reaction type of certain wheat variety-race combinations

is changed with a change in incubation temperature from 18 C to

2/18 C. Thus, by growing differential varieties at these two

temperatures and using changes in reaction type as a distinguishing

factor all eight isolates could be separated into distinct races.

Pre- or postinoculation growth temperatures influenced the

reaction types of three of the differential wheat varieties. The

reaction on Dippes Triumph became more resistant when the post-

inoculation incubation temperature was lowered (RT, 3 to 2).

Suwon x Omar4 gave a more susceptible reaction when the temper-

ature was lowered (RT, 1 to 2). The reaction type on Flamingo

varied depending on the pre- and postinoculation incubation

temperature combination.

Reaction types produced on the first and second seedling

leaves did not differ at either temperature. Rust prevalence on

the first seedling leaves was reduced from usually 100 percent

at 18 C to as low as 12.5 percent with certain race-variety com-

binations when incubated at the 2/18 C cycle. There was no change

in prevalence on the second seedling leaves with a change in

incubation temperature.



The latent period was extended 6.4 days when the incubation

temperature was changed from a constant 18 C to 2/18 C. There

was no correlation between races of stripe rust and a change in

the latent period. The more resistant varieties exhibited latent

periods of 10.3 t o 14.3 days whereas the latent periods were

9.0 to 10.2 days for the more susceptible varieties.

A determination of the apparent infection rate (r) of three

races of stripe rust under field conditions gave significant differ-

ences on Baart and Federation spring wheats. The differences on

Baart wheat were: r = 0.0953, r = 0.0552, and r = 0.0541 for

races SW-2-1, SB-40 -1 and SW-7-1, respectively.
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Physiologic Specialization of Stripe Rust
( Puccinia striiformis West.) in the

Pacific Northwest

INTRODUCTION

Physiologic specialization of stripe rust (Puccinia striiformis

West.) has been under extensive investigation in Europe for a number

of years (Gassner and Straib, 1932; Fuchs, 1960; Manners, 1950;

Zadoks, 1961). Prior to the severe 1960-1961 epidemics of

stripe rust in the Pacific Northwest, little attention had been paid

to this disease in North America. Only a few workers in the

United States and Canada have attempted to determine the nature

of physiologic specialization of stripe rust (Hungerford and. Owens,

1923; Newton and Johnson, 1936; Bever, 1934b). Since 1960, a

renewed effort has been made by several workers to elucidate the

nature of specialization of stripe rust in the western United States

(Purdy and. Allen, 1962, 1966; Sharp, 1965; Tollenaar and Houston,

1967; Beaver and Powelson, 1969).

The main wheat growing areas of the Pacific Northwest are

the Columbia Basin in Oregon and the Palouse area of southwestern

Washington. Wheat is also grown in the Willamette Valley of

Oregon and in various areas in northern Idaho (Figure 1).

The Columbia Basin area in Oregon is bounded on the north



Figure 1. Wheat growing regions of the Pacific Northwest
showing the six areas from which stripe rust
collections were made.
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by the Columbia River, by the Cascade mountains on the west and the

Blue mountains on the east. This area includes the counties of

Wasco, Sherman, Gilliam, Morrow and Umatilla.

The Grande Ronde Valley wheat growing area of Oregon lies

between the Blue and Wallowa mountains in the northeastern corner

of the state. The Willamette Valley is located between the Cascades

and the coast mountain range in Oregon. The valley is narrow and

elongated and runs in a north and south direction from just south of

Portland to Eugene.

The Palouse area of Washington is not distinctly separated

from the Columbia Basin wheat growing area of Oregon. The two

are separated only by the Columbia and Snake Rivers. The Palouse

area extends north to within 25 miles of Spokane. On the east it

extends to the Washington-Idaho border and on the west to the

Moses Lake-Othello area.

The wheat growing area in northern Idaho is located along the

western edge of the state adjacent to the Palouse area of Washington.

The area of interest in this study is a small isolated valley near

Bonners Ferry. This wheat growing area is bordered on the west

and south by the Kootenai River and on the east by the Moyie River.

The northern limit is near the Canadian border. The entire area is

surrounded by forest and range land.

Wheat production in the Pacific Northwest for 1967 was



5

approximately 148 million bushels of which approximately 10.5

million was spring wheat. Washington produced 80 percent of

the winter and spring wheats. Oregon produced 19. 2 percent and

northern Idaho produced the remaining 0.8 percent.

The precipitation on the wheatland of the Columbia Basin in

Oregon ranges from 10 to 20 inches annually. Of the nearly one

million acres of wheat planted in the Columbia Basin and adjacent

areas in Oregon in 1967, approximately 53, 000 acres were under

irrigation. Wheat lands in Washington receive 15 to 25 inches of

precipitation annually with nearly 200, 000 of the two million acres

of wheatland under irrigation in 1967. Northern Idaho receives

about 20 inches of precipitation annually and irrigates 10, 000 of

its 250, 000 acres of wheatlands for the same period.

The persistance of stripe rust throughout the wheat growing

areas of the Pacific Northwest since 1960 has presented problems

in the breeding and maintaining of resistant varieties of wheat.

Knowledge of the extent of physiologic specialization of stripe

rust is of importance in the wheat breeding program in this area.

New and adapted biotypes of stripe rust are continually being

selected from the rust population by the introduction of new

varieties of wheat.

Native grasses have also been implicated in the epidemiology

of stripe rust in California (Tollenaar and Houston, 1967). Isolates
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of stripe rust from grasses in California are considered to be the

same physiologic race as isolates from wheat.

The objective of this study was to determine whether physio-

logic specialization occurs in isolates of stripe rust found on

wheats and grasses in the Pacific Northwest,
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REVIEW OF LITERATURE

Puccinia striiformis West. was described by Ericksson

and Henning in 1890 and was first identified in the United States by

F. Icf6p lin Ravn in 1915 (Humphrey and Johnson, 1916). Prior to

1890 it had been confused with P. dispersa, P. graminis and. P.

coronata. Thus it has been difficult to determine the extent of

stripe rust in this country prior to 1915.

Stripe rust is found throughout the world with the exception

of Australia (Zadoks, 1961). Its distribution within the United

States is mainly limited to the western states of Washington,

Oregon, Idaho, Montana and California.

The Stripe Rust Fungus

Schmidt first described the uredial stage of Puccinia

striiformis in 1818 as Uredo glumarum. The telial stage was

observed by Westendorp in 1854. At that time he placed it in

the genus Puccinia, naming it Puccinia straeiformis. Eriksson

and Henning reapplied Schmidt's specific epithet, naming the

fungus Puccinia glumarum in 1896. This name was used until

1953, when Hylander et al. (1953) contended that Westendorp's

name was the valid one according to the Rules of Nomenclature.

Cummins and Stevenson (1956) used Puccinia striiformis in their
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Check List of North American Rust Fungi. A detailed discussion

on the nomenclature of this fungus is given by Hassebrauk (1965).

Since 1956, Puccinia striiformis has been used in the majority of

the literature.

The uredospores and teliospores are produced on

gramineous hosts. Although the teliospores will germinate readily

in the laboratory, they are believed to be functionless in the life

cycle of the fungus since no alternate host has been found. The

uredospore is the only functional spore stage produced by this

rust fungus.

Host Range

Puccinia striiformis has been reported on various Gramineae

from around the world (Hassebrauk, 1965). Only those sources

within the Pacific Northwest will be considered here. The host

range for the fungus in the United States, and specifically in

Washington, Oregon and Idaho, has been reviewed by Hungerford

and Owens, (1923); Humphrey, Hungerford and Johnson, (1924);

Fischer et al., (1942); and Sanford and Broadfort, (1932).

Shaner (1969) conducted a thorough search for stripe rust on

grasses in the state of Oregon. His host list includes Agropyron

cristatum, A. _elognatum, A. riparium, A. sibiricum, A.

spicatum, A. trachycaulum, Bromus marginatus, Bromus
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Elymus canadensis, E, cinereus, E. glaucus, E.. sP. , Hordeum

brachyantherum, Poa ampla and. Poa sue. Other species located

in the mycological herbarium at Oregon State University include

Hordeum vulgare, H. gussoneanum, H. jubatum, and. Sitanion

hystrix. This list included species found in their native habitat

as well as those located at the Hyslop Agronomy Farm and a grass

nursery on the Oregon State University campus. Rust isolates

from wheat will infect many of the grasses and isolates from

Bromus marginatus, Elymus glaucus and Hordeum nodosum

(brachyantherum.-1/) are virulent on wheat (Hungerford and Owens,

1923). The host lists for Puccinia striiformis found on grasses

in their native habitats is much shorter than those given by

Hungerford and Owens (1923) and Shaner (1969). Hungerford and.

Owens (1923) also give an extensive list of susceptible and resistant

wheats grown at the Oregon State University Experiment Station.

Physiologic Specialization

Little is known of the physiologic specialization of stripe

rust in the United States. Bever (1934b) reported that a Montana

isolate differed distinctly from an Idaho isolate, both of which

were commonly present in their respective localities. Tollenaar

and. Houston (1967) reported that only one race was present in

1/ Hitchcock, (1950) states that nodosumis a misnomer for
brachyantherum in this country.
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California. In Washington, Purdy and Allen (1966) demonstrated

the presence of two distinct races based on the reaction of the

variety Suwon 92 x Omar 3. Sharp (1962, 1965) has reported a

race of stripe rust which differed from those previously reported

from the United. States and Europe. Unfortunately, no comparisons

of the reported races can be made since workers in the United

States have not utilized the same set of wheat varieties charac-

terized by their differential susceptibility to various isolates of

the pathogen (differential varieties). European workers, for the

most part, have based their race identifications on a set of stan-

dard differential varieties employed by Gassner and Straib (1932,

1934a, b) and. Straib (1935, 1937, 1939).

Rudolph (1929) tested a number of wheat varieties to

Puccinia striiformis in Germany and found that some wheat var-

ieties which Hungerford had classified as resistant in the United

States were susceptible in Germany. He thus concluded that the

form of stripe rust in Germany was distinct from that found in

the United States.

Using Gassner and Straib's standard set of differential

varieties, Fuchs (1960) described a total of 12 races of stripe

rust from 18 countries. Of these 12 races, only four races were

considered well recognized. Fuch's work summarizes the routine

identification of races carried out on seedlings under controlled
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greenhouse conditions.

Zadoks (1961) discussed in detail individual races identified

at Wageningen. These were compared with the Braunschweig races

and showed a close similarity. He found 17 field races and five

additional populations within the seven races identified in the green-

house at both Braunschweig and Wageningen.

Manners (1950) reported 13 races from Great Britain. These

races were identified using the standard set of differential varieties

of Gassner and Straib plus the variety Wilma, which would differ-

entiate a race not detectable on the original 11 varieties.

Physiologic forms of stripe rust were identified for the first

time in Canada in 1932 (Newton, Johnson and Brown, 1933). At

that time two forms varying in virulence were described. Subse-

quently, Newton and Johnson (1936) described two races of stripe

rust in Canada using the Gassner and Straib differentials. These

two races were similar to races found in Idaho and California in

the United States. Isolates from various native grasses as well

as barley were identified as either one or the other of the two

wheat races found in Canada.

Physiologic specialization of stripe rust at the generic level has

been demonstrated by several workers (Zadoks, 1961; Britton and

Cummins, 1956; Manners, 1960). Zadoks (1961) investigated physio-

logic specialization of P. striiformis on grasses in the Netherlands
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Clones of Agropyron repens varied in their susceptibility to one

isolate of stripe rust, indicating resistance was not uniform

throughout the species. Manners (1950) reported similar

findings in Britain. This evidence indicates the necessity for

great care in designating physiologic specialization at the generic

level.

Isolates from Poa pratensis have infected only Poa sue. and

two species of Alopecurus (Britton and. Cummins, 1956). Stripe

rust on Dactylis glomerata in European countries was raised to

varietal status by Manners (1960) on the basis of morphological

characters. This rust is confined to D. glomerata. There are no

reports of stripe rust on D. glomerata from the United States and.

Canada.

Zadoks (1961) reported rust from Agropyron repens attacked

some cereal varieties but wheat isolates failed to infect A. repens.

Considering this and findings of other workers he concluded that

the designation P. striiformis f. sp. agropyri was useful for

European stripe rust once the versatility of some of its races was

recognized. He also felt that stripe rust on A. repens from the

Netherlands was in no way related to epidemics of stripe rust on

wheat. Zadoks (1961) felt that the use of f. sp horedei is justified

since races that attack barley are largely limited to the genus

Hordeum.
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Stripe rust from many grass genera has been shown to infect

wheat (Hungerford and Owens, 1923; Hendrix et al., 1965; Tollenaar

and Houston, 1967; Zadoks, 1961). Whether the grass isolates were

identical to wheat isolates has not always been determined. Hen-

drix et al. (1965) found stripe rust on several species of grasses

in the genera Agropyron, Bromus, Elymus, ,Hordeurn. Poa, and

Sitanion, but no mention was made of tests to determine if these

isolates would infect wheat, even though they implied that the

grass and wheat isolates were similar races.

Tollenaar and Houston (1967) reported only one race of

stripe rust from wheat and grasses in California. They felt that

grasses were an important reservoir for the oversummering of

stripe rust in that state. Manners (1960), on the other hand,

failed to find an isolate of stripe rust from any grass that would

attack wheat in Britain.

Influence of Environment

Stripe rust uredospore germination and fungus-host com-

patability have been shown to vary with several environmental

factors (Shaw, 1963; Sharp, 1965; Zadoks, 1961). Pre-

inoculation growth temperatures may influence the type of host

reaction (reaction type),. Sharp (1962) found that growing wheat

or barley at 15 C rather than at 24 C for two weeks prior to
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inoculation gave better infection and a more susceptible reaction.

According to Sharp, wheat varieties can be separated into four

groups on the basis of reaction types after host preconditiOning

at 15 C and 24 C. He found that some varieties were susceptible

at both temperatures, some were resistant at both, some were

susceptible at the lower and resistant at the higher temperature

and some varieties exhibited a reverse effect. Stubbs (1967) has

pointed out that light during the postinoculation period was critical

in determining the reaction types of some varieties of wheat. The

effect was an increase in reaction type with a reduction in light

intensity.

Sharp (1967) demonstrated that atmospheric ions influenced

the ability of uredospores of stripe rust to germinate. He found

that as the percentage of ions of intermediate size (mobility

exceeding 0.03 cm 2 volt-1 sec. -1) ) ncreased, the percentage of

spore germination decreased. A similar atmospheric effect was

no ted b y Schioder and Hassebrauk (1964). Uredospore germin-

ation has been reported to be higher when the spores are more

densely aggregated (Manners, 1950; Tollenaar and Houston, 1965).

Temperature and light cause pronounced effects on spore

germination, though these effects are variable due to temperature-

light interaction phenomenon. Tollenaar and Houston (1966)

reported that an increase in temperature from 6 C to 11 C under



15

a constant light promoted spore germination, while incubation at

15 C rendered the uredospores insensitive to the effects of light.

They also reported that exposure of uredospores to light during

germination inhibited germination at 6 C but promoted germination

at 11 C while exposure of spores to light prior to germination en-

hanced the response at 6 C. McCracken and Burleigh (1962) showed

uredospores would germinate in the dark and under fluorescent

lights at various temperatures (2-20 C), Germination also oc-

curred under colored lights at two temperatures (2 C and 13.5 C),

with unfiltered and blue light giving the highest germination per-

centages. In general, Manners (1950) showed that an increase

in temperature from 0 C to 25 C caused an increase in germin-

ation percentage in in vitro experiments with the Dactylis race,

with the optimum germination at 22.5 C.

Light and temperature also influence the development of the

uredial stage of stripe rust. Bever (1934a) reported that day

length and light intensity influenced the incubation period of the

fungus; the lower the light intensity the longer the incubation

period. He also pointed out that under controlled temperatures both

day length and light intensity influenced the reaction type. Days

longer than 12 hours changed the reaction type (RT) of certain

varieties from 4 to 0, while increasing light intensities had the
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same effect. Stubbs (1967) reported similar findings for several

wheat varieties, but noted a reverse effect of light on the barley

variety Topper. He found the postinoculation period to be the most

sensitive to light intensities for the wheat varieties Carstens V,

Chinese Spring, and Cappelle Desprez, while Michigan Amber and

Vilmorin 23 were photostable.

Temperature has the greatest influence on reaction types and

sporulation of stripe rust. Tollenaar and. Houston (1966) list

sporulation as occurring between 0.5 C and 24.5 C. Shaner (1969)

showed that temperatures of 31 C for 10 hours per day for more

than five days would stop or prevent sporulation and presumably

kill the fungus in the host tissues. Sharp and Hehn (1963) reported

no new rust lesions under field conditions in Montana from Novem-

ber 5 to April 12, suggesting that the cold temperatures prevailing

during that period prevented sporulation. Sharp (1963) found that

changes in diurnal temperatures from 36/65 F to 60/75 F caused

a resistant reaction in varieties that were susceptible at the lower

temperature profile. He also found some varieties to behave in a

reverse manner. Newton and Johnson (1936) reported that nine

varieties of wheat susceptible to stripe rust at 12. 9 C were

"completely resistant" at 25.3 C.
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MATERIALS AND METHODS

Uredospore Collection

Uredospores of Puccinia striiformis West. were collected

from naturally infected wheat and grasses from various locations

in Washington, Oregon and northern Idaho. The fresh sporulating

plant tissue collected in the field was either placed in an envelope

and allowed to dry or placed in stoppered test tubes each of which

contained two ml of benzimidazole solution at a concentration of

60 ppm. The benzimidazole solution delayed senescence of the

leaves and more stripe rust uredospores were obtained from the

leaf samples.

The hosts, locations and dates of collection of the isolates

used in this study are given in Table 1. The letters W, E, B and

H represent the hosts, wheat, Elymus, Bromus and Holcus,

respectively, for the isolate designation. The letter S represents

a single spore isolate and the figures identify the different isolates,

Inoculation Techniques

Depending upon the amount and source of inoculum, three

inoculation techniques were used. When the amount of inoculum

was small a scalpel was used to remove the spores and spread
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Table 1. Stripe rust isolates.

Isolate Nearest town

Collection data
a/Area Host Date

W-7
SW-7-1
SE-2-1
SW-2-1
SW-4-12
SB-40-1

SW-47-1
SH-2-1

W-49
W-54
W-57

Corvallis, Oregon
Corvallis, Oregon
Corvallis, Oregon
Moro, Oregon
Lind, Washington
Burns, Oregon

1 Baart wheat
1 Baart wheat
1 Elymus cinereus
2 Gaines wheat
4 Omar wheat
6 Bromus margin-

atus
Corvallis, Oregon 1

Corvallis, Oregon 1

Independence, Oregon 1

La Grande, Oregon 3

Bonners Ferry, Idaho 5

Omar wheat
Holcus

lanatus 12/
Gaines wheat
Gaines wheat
Moro wheat

July 1964
July 1964
June 1965
April 1967
June 1967

Aug. 1967
Oct. 1967

Oct. 1967
May 1968
June 1968
July 1968

a/ Refers to Figure 1.
b/ would not reinfect Holcus lanatus in greenhouse.

them over fresh leaves to be infected. Another method was to

lightly rub a single sporulating leaf across leaves of plants to be

infected. This technique proved to be less injurious to the leaf

surface. For all other work, a suspension of uredospores in

freon-113 (trichlorotrifluoroethane) was used (Miller, 1965).

Uredospores form a uniform suspension in freon-113 and

when plants are sprayed from a distance of 8-12 inches with a

DeVilbiss #15 atomizer, the Freon evaporates before contacting

the foliage giving an even distribution of dry spores over the leaf

surface.,
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For all race identification tests, 3-4 mg of uredospores

were suspended in 10 ml of freon-113 andatomized onto the first

leaves from several directions to assure uniform coverage. This

technique gave a density of 600-800 uredospores per cm 2 of leaf

surface when applied to 15 pots of wheat containing 8-10 plants

per pot. One plant per pot was covered during inoculation to

serve as a control.

The inoculum used was fresh or had been stored no longer

than six weeks. Germir aH.on. tests on stored spores
showed a minimum germination of 85 percent at the time of inocu-

lation.

Dew Treatment

Puccinia striiformis requires free moisture for infection.

The optimum temperature for infection is 10-12 C and the maximum

is near 21 C (Bever, 1934a). For inoculation and infection, a dew

chamber was constructed from a 32 gallon galvanized metal garbage

can. The can contained an adjustable wire mesh rack and a

thermostatically controlled heating cable submersed in approxi-

mately six inches of water. The water was heated to 25 C and an

air temperature of 12 C was obtained by placing the can in a 3 C

cold room. Under these conditions a fine layer of moisture

formed over the surface of the leaves within a half hour after
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being placed in the dew chamber. The plants were left in the dew

chamber for 7-12 hours, depending on the experiment. They were

then returned to the greenhouse or growth chamber where symptoms

could develop.

Inoculum Increase

Isolates of stripe rust were increased on a mixture of Gaines

and Omar seedlings which were grown in soil in 4-inch plastic pots

and watered with tap water. The plants were grown in the green-

house or in a walk-in growth chamber. Greenhouse lighting was

supplemented and day-length extended during winter months by

banks of Gro-lux fluorescent lights. A minimum of 800 foot-candles

of light for 14 hours was maintained with the fluorescent lights.

The temperature ranged from 15 C to 30 C with a mean maximum

temperature of 21 C. The relative humidity varied from 50 percent

to 80 percent.

The walk-in growth chamber was programmed for 18 C constant

temperature. The light intensity was 2000 foot-candles at bench

level for 14 hours a day. The relative humidity varied from 40

percent to 65 percent.

Uredospores were harvested directly with the aid of a cyclone

spore collector (Tervet, 1950). The spores were then stored in

3-4 mg lots in ampules at 50 percent relative humidity until needed.
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A special effort was made to prevent contamination of the isolates.

The plants were sub-irrigated to prevent free moisture on the

foliage. Plants inoculated with different isolates were kept

separated and uninoculated plants were grown separately from

inoculated plants.

Single Spore Isolates

To obtain single spore isolates, seedings of Gaines wheat

were grown in vermiculite in 17 x 95 mm plastic disposable test

tubes which were punctured at the bottom to permit sub-irrigation.

A single uredospore of stripe rust was placed on each primary leaf

with the aid of a dry needle (Fleischmann et al., 1966). The

plants were then placed in a dew chamber. After a 12 hour dew

period the plants were transferred to a Percival E-57 growth

chamber programmed for 18 C constant temperature.

When pustules began to form under the leaf epidermis, the

leaf was removed from the plant and washed in 100 ppm Tween 20

in distilled water to remove any contaminating spores. It was

then rinsed twice in distilled water and placed in a test tube con-

taining 3 ml of 60 ppm benzimidazole in distilled water (Browder,

1964). The tube was stoppered with a polyurethane foam plug and

returned to the growth chamber until extensive sporulation. occurred.
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The spores were then harvested and increased in the usual manner

for future use.

Spore Preservation

After harvesting, uredospores were stored in one of two ways.

Spores to be used within a period of four to six weeks were placed

in cotton-stoppered 1 ml ampules and stored in sealed screw-

capped jars at 3 C. A small beaker of 45 percent sulfuric acid was

also placed in the jar to maintain a relative humidity of approxi-

mately 50 percent.

For long term storage of uredospores, liquid nitrogen was

used. The spores were placed in 1 ml ampules over Dri-rite for

12 hours and then flame sealed. The sealed ampules were then

placed directly into liquid nitrogen in a Biostat 1000 liquid nitrogen

refrigerator. When the spores were retrieved for use, they were

heat shocked at 40 C for two minutes in a water bath prior to

inoculation (Logering et al., 1961, and Logering and Harmon,

1962).

Differential Wheat Varieties

The following 15 wheat varieties were selected on the basis

of their differential susceptibility to local isolates of stripe rust

for stripe rust race identification:
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Cappelle Desprez Flamingo Michigan Amber

Chinese 166 Gaines Moro

Dippes Triumph Golden Omar

Druchamp Ibis Rubis

Etoile de Choisy Leda Suwon x Omar

The selections are from both commercially grown wheats of the

Pacific Northwest and the European set of stripe rust differential

varieties. The seed for the differential varieties was supplied by

Dr. W. E. Kronstad of the Farm Crops Department at Oregon

State University. The foreign varieties were selected from field-

harvested European stripe rust differentials and the commercial

varieties were selected seed sources being used for research

purposes. All seed was as pure as could be obtained at the time

this study was initiated.

Plants were grown in vermiculite in 4-inch plastic pots and

sub-irrigated with a nutrient solution (Table 2). The plants were

grown in a Percival E-57 growth chamber programmed for 14

hours of light with 1000 foot-candles at plant level. The tempera-

ture was held at either 18 C constant temperature or 2 C during

the dark period and 18 C during the light period. The relative

humidity was approximately 80 percent at 18 C and 70-90 percent

at the 2/18 C cycle. The differential varieties were inoculated with
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Table 2. Nutrient solution used for plant culture in the growth
chamber.

Stock solution (1 molar) Stock solution per 20 liters

KNO
3

Ca (NO3)

MgSO4

KH
2
PO4

Fe/

Micro nutrients12/

NH
4

NO3

mis.

100

100

40

20

20

20

100

a/ FE as FeEDTA, 5 mg per ml stock solution.
b/ Micronutrient stock solution of 2.86 g H3B03, 1.81 g MnC12'

4H20, 0.11 g ZnC1
2'

0.05 g CuC 1 2' 2H 20, 0.025 g Na 2
Mo04'

2H 20 per liter.

various stripe rust isolates when the second leaf began to emerge.

This occurred at about 6 and 14 days after planting for 18 C and

the 2/18 C cycle, respectively.

Field Plots

Field plots planted at the Hyslop Agronomy farm consisted

of 32 plots each of Gaines and Omar winter wheat. The plots were

six feet square and contained five rows of the selected variety plus
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two border rows of Druchamp wheat, a stripe rust resistant

variety. The plot order was randomized and the plots were

planted on October 31, 1967. The plots were inoculated on

March 31, 1968 with seven different isolates of stripe rust

(Table 3). Each isolate was replicated four times for each of the

two varieties of wheat.

Table 3. Use of isolates.

Differentials Field evaluation
North

Isolate 18 C 2/18 C Willamette Hyslop

W-7 X X X

SW-7-1 X X X X

SE-2-1 X X X

SW-2-1 X X X X

SW-4-12 X
SB-40-1 X X X X

SW-47-1 X X
SH-2-1 X

W-49 X

W-54 X X
W-57 X X

Inoculation was carried out by staking a large paper bag,

open end down, over the center 12 inches of the middle row in

each plot (Figure 2). A small hole was punched in the top of the

bag and a freon-113 suspension of uredospores was atomized

onto the covered plants. The bags were removed after six hours

and dew was allowed to form on the plants naturally during the night.



Figure 2. Inoculation technique (A) and plot layout (B) used in the
field evaluation study of stripe rust isolates.
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A

B
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Field plots at the North Willamette Experiment Station were

set up in the same manner as above except Baart and Federation

spring wheats were used. Sixteen plots of each variety were

planted using a spring barley as spreader rows. The plots were

planted on April 8, 1968 And were inoculated on May 16, 196$

with three different isolates of stripe rust (Table 3).

In both cases the plots were treated with Karmex to prevent

weed growth and they were fertilized with a total of 120 lb. /acre

of urea.
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RESULTS AND DISCUSSION

Seven isolates of stripe rust from wheat and two from grass

were selected for this race identification study (Table 1). The

reaction types on a selection of 15 varieties of wheat were used to

detect differences in the pathogenicity of the various isolates

(Table 4). Comparisons were made at two temperature regimes,

18 C constant temperature and 18 C during the light period and 2 C

during the dark period.

When the observed results differed more than 1 reaction

type (RT) unit, the range was recorded; otherwise the highest RT

observed was recorded. The classification of the different races

was based solely on distinct RT's and the host-pathogen combina-

tions which gave variable RT's were included for information only.

The reaction types were recorded using the scale of Gassner

and Straib (1932) with some modification (Table 5, Figure 3).

Race. Identification at 18 C

Four races were identified based on their reaction types at

18 C (Table 6). Isolates SE-2-1, SW-2-1, W-54 and SW-47-1 gave

similar RT's on the 15 differentials. Isolates SW-7-1 and W-7

also were similar but differed from the above isolates by their

virulence on Chinese 166. The isolate SB-40-1 was separated



Figure 3. Range of reaction types used for race identification.





Table 4. Reaction types of 9 isolates of stripe rust on 15 differential varieties of winter wheat at
2 temperature regimes,. a/

Variety

SE-2-1

18C 2/18C

SB-40-1

18C 2/18C

W-7

18C 2/18C

SW-7-1

18C 2/18C

SW-47-1

18C 2/18C

Cappelle Desprez 00-1 i 2 00 00 00 00 i 00 00

Chinese 166 oo-2 00 oo-00 00 3 3 3 00-2 3 3

Dippes Triumph 3 4 3 3 3 3 3 00 -2 3 3

Druchamp 00 i 2 i-2 00 i 00 00-1 i
Etoile de Choisy 3 4 3 3 3 3 3 3 3 i
Flamingo 00-1 i-2 00-1 i-2 00 3 00 00 0 i

Gaines 3 4 3 4 4 4 4 4 3 i
Golden 3 3 4 i 4 i 3 3 3 i
Ibis oo-0 i 00 i-3 00 00 00 00 00 i

Leda 3 i-3 4 i 3 3 3 2 3 i
Michigan Amber 3 3 3 4 4 3 3 4 3 i
Moro oo i oo i oo 00 00 00 oo i

Omar 3 i 3 3 4 3 3 4 3 i

Rubis 3 3 4 3 4 4 3 3 3 4

Suwon x Omar4 oo i 0 i-3 00 00 00 oo i-2 i

a/ Average of 3 different replicated tests. Isolate SW-4-12 evaluated only once but tested twice
on Moro. Continued



Table 4 --Continued.

Variety

SW-2-1

18C 2/18C 18C

W-57

2/18C

SW-4-12

18C 2/18Cb/

W-54

18C 2/18C

Cappelle Desprez 0 00 0-3 0-4 0 00 On

Chinese 166 00 00 00-3 00 3 00 00

Dippes Triumph 3 i 3 3 3 1-3 2

Druchamp 00 i 00-2 0-4 00 On 00

Etoile de Choisy 3 i 3 4 3 3 3

Flamingo 0 2 00 i-3 00 oo-2 On

Gaines 4 2 3 4 3 3 3

Golden 3 i 3 4 3 3 3

Ibis oo 3 oo-3 i -3 00 1 00

Leda 3 3 3 i -3 3 3 3

Michigan Amber 3 4 3 3 3 3 3

Moro 00 00 3 4 3 i 00

Omar 3 00 3 3 3 3 3

Rubis 4 4 3 4 3 3 4

Suwon x Omar4 0-2 00 00 i-3 0 i°1 00

b/ SW-4-12 not evaluated at the 2/ 18C temperature profile.
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Table 5, Reaction Types

00 - no pustules, only minute chlorotic flecks

00 no pustules, only small angular chlorotic or necrotic
patches

0 - no pustules, only general chlorosis or necrosis

- some separated, very small pustules accompanied by
chlorosis or necrosis

2 - a few pustules, also chlorosis, perhaps necrosis

3 - normal pustule formation, also chlorosis

4 - normal pustule formation without chlorosis

i - no symptoms observed

from all other isolates by its pathogenicity on the varieties

Druchamp and. Cappelle Desprez.

The isolates W-57 and SW-4-12 differed from the other

isolates by their pathogenicity on the variety Moro. W-57 is

a new isolate recently identified as pathogenic on the variety

Moro (Beaver and Powelson, 1969), and SW-4-12 is a single

spore isolate from an Omar collection made in 1967. These two

isolates were similar in their pathogenicity on Moro but differed

slightly in their RTIs on Cappelle Desprez and Chinese 166. Since

the location and date of collection were different for SW-4-12 and

W-57, the differences in their RTts on Cappelle Desprez and
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Table 6, Specific host reactions which separate the isolates at
18 C a/

c.) .41

Cl) Cr)

1...4

I

N
I

Cl)

rl
f

N
'41

I

U)

..-1
I

("1
I

t'i-

(NI
e.-I

I

714 't
L o

SE-2-1
bN/ NN X X N N N

4 2 2 12 12

SB-40-1 V V V V V N N V

4 4 4 4 4 12 12 4

W-7 V-1 N X X X N N X

SW-7-1

2 4

cV/
N X X X

12

N

12

N X

2 4 12 12

SW-47-1 X N X X X N N X

4 12 12

SW-2-1 X N X X X - N N X

4 12 12

W-57 V V V V V V - X V

12 12 12 12 12 12 12

SW-4-12 V V V V V V X - V

12 12 12 12 12 12 12

W-54 X N X X X X N N -
4 12 12

a/ Each isolate in the left-hand column is separated from each
isolate at the top of the page by its pathogenicity on the indicated
variety, i. e., SE-2-1 is separated from SB-40-1 by its non-
virulent reaction (N) on the variety Druchamp (4).

b/ N = nonvirulent; V = virulent; X = no difference between
isolates; 2 = Chinese 166; 4 = Druchamp; 12 = Moro.

c/ No difference between isolates when based on commercial vari-
eties only.
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Chinese 166 indicate that one or more biotypes of stripe rust cap-

able of attacking Moro may exist. SW-4-12 and W-57 have existed

in the rust population in the Pacific Northwest but have remained

unnoticed until they were screened from the population by the

selection pressure of the variety Moro. On susceptible varieties

other than Moro, SW-4-12 and W-57 have unnecessary genes for

virulence and as a result are suppressed in the stripe rust popu-

lation. This is analagous to the theory of stabilizing selection

presented by van der Plank (1968).

Three of the four races identified at 18 C can be identified

using only commercial varieties grown in Oregon (Table 6). These

varieties are Gaines, Golden, Omar, Druchamp and Moro. In

this case SW-7-1 and W-7 appear to be similar to SE-2-1, SW-47-1,

SW-2-1 and W-54. The basis for the differential ability of the com-

mercial varieties may arise from selection pressures placed

on particular biotypes of the rust population by the different com-

mercial varieties. Thus a biotype in a rust population is selected

for and increases in the population and becomes evident as a new

race of the pathogen.

The effects of this can be seen in the commercial varieties

grown in Oregon. Prior to the epidemic of 1960-1961, stripe rust

was not a severe problem. The varieties Golden and Omar were

both grown with little concern for stripe rust. During the 1960-61
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epidemic, Omar proved to be extremely susceptible to stripe rust,

but Golden remained resistant for the next two years. In 1963-64

Golden became highly susceptible to natural populations of stripe

rust in Oregon. Moro was introduced in 1965 as a highly resistant

variety. It remained resistant until 1968 when a field of Moro in

northern Idaho was found heavily infected with stripe rust (Beaver

and Powelson, 1969). The stripe rust population increased to

epidemic proportions under favorable climatic conditions on the

susceptible variety Omar. Later, Golden and Moro selected out

biotypes within that population which are now common within the

stripe rust populations of the Pacific Northwest. The varieties

Gaines and Druchamp have not changed in resistance since their

introductions. The "mature plant resistance" of Gaines appears

to be of the polygenic type and has given a 1-2 RT in the field

since its introduction in 1960. Druchamp has given a highly re-

sistant reaction (RT = 00) in the field since 1952.

The isolate W-54 exhibits a small difference from all other

isolates at 18 C. It gives an RT of 1 on Ibis compared to an oo-3

for the other isolates. I feel this difference is of questionable

significance and the classification of W-54 as a distinct race

should be left open to further testing. Thus, in a growth chamber

at 18 C the nine isolates tested can be classified into the following

distinct race groups:
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Group I, SE-2-1, W-54, SW-47-1, SW-2-1.

Group II, SW-4-12, W-57.

Group III, W-7, SW-7-1.

Group IV, SB-40-1.

The grass isolates SE-2-1 and SB-40-1 will be discussed in

more detail in a following section.

Race Identification at_.the 2/18 C Cycle

All eight isolates compared at the 2/18 C cycle can be separ-

ated by their RT's on the 15 differentials (Table 7). W-57 is

separated from all other isolates by its virulence on the variety

Moro. Of the remaining isolates,SE-2-1 differs from SB-40-1 by

its virulence on Golden. SB-40-1 differs from SW-47-1 and

SW-2-1 by its virulence on Gaines and Omar, respectively.

W-7 and SW-7-1 are separated by the latter's virulence on

Golden. Since SW-7-1 is a single spore isolate of W-7, this

difference supports the theory that several races may be present

in any given natural stripe rust population.

W-7 is further separated from SW-47-1 and SW-2-1 by its

virulence on Gaines and Omar, respectively. It is separated from

W-54 by its lack of virulence on Golden.

The virulence of SW-7-1 on Golden separates it from SW-47-1
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Table 7. Specific host reactions which separate the isolates under
the 2/18 C cycle. a/

SE-2-1 -Nb/
13

SB-40-1 V
13

W-7 V V
13 10

c /

SW-7-1 V V

13 8

SW-47-1 N N
8 7

SW-2-1 N N
8 13

W-57 V V

SW-4-12

t'T

I
N

I

Cl)

.--i
I

N
.14

I

Cl)

.--1
I

n1
1

rn

n1

1

N. .41
tr, 1

vii

'44
in

N
13

cN/

N
13

NV

V
8

V
8

V

N
12

N

13

10 8 7 13 12 8

NV V N

V

8 7

V

13

V

12

N

8

c /V
8 8 8 12 2

N N N N
7 8 7 12 7

N N V

13 8 7 12 8

V VV V V

12 12 12 12 12 12 12

W-54 V V V NC/ V V N

13 8 8 2 7 8 12

a/ Each isolate in the left-hand column is separated from each
isolate at the top of the page by its pathogenicity on the indicated
variety, i. e., SE-2-1 is separated by SB-40-1 by its nonvirulent
reaction (N) on the variety Omar (13).
b/ N = nonvirulent; V = virulent; 2 = Chinese 166; 7 = Gaines;
8 = Golden; 10 = Leda; 12 = Moro; 13 = Omar.

c/ No difference between isolates when based on commercial
varieties.
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and SW-2-1 and its virulence on Chinese 166 separates it from

W-54. SW-47-1 is separated from SW-2-1 and W-54 by its lack

of virulence on Gaines. SW-2-1 differs from W-54 by its lack of

virulence on Golden.

If only the five commercial varieties are used as differentials

at the 2/18 C cycle, seven races can be identified (Table 7). In

this case W-7 and SB-40-1 appear similar, while the remaining

six can be differentiated. This generally supports the finding for

the commercial varieties used as differentials at 18 C.

Race Identification Based on Changes in
Reaction Type

Thirteen of the differential varieties exhibited different RT's

when grown at the 2/18 C cycle as compared to 18 C. This change

in RT can be used to identify races of stripe rust (Table 8).

At the 2/18 C cycle all of the eight isolates could be identi-

fied as distinct races based on RT's. The use of the change in RT's

also permits differential separation of the eight isolates. SE-2-1,

SB-40-1, SW-7-1 and SW-47-1 can be separated from all other

isolates by their decreased virulence on Omar, Cappelle Desprez,

Chinese 166 and Michigan Amber, respectively, at 2/18 C. Both

SW-2-1 and W-57 can be separated from all other isolates by
4their increased virulence on Ibis and Suwon x Omar, respectively,



Table 8. Separation of stripe rust isolates based on a change in RT between incubation temperatures
of 18C and 2/18C.

Isolate

Variety SE-2-1 SB-40-1 W-7 SW-7-1 SW-47-1 SW-2-1 W-57 W-54

Cappelle Desprez 0a/
0 0 0 0 0 0

Chinese 166 0 0 0 0 0 0 0

Dippes Triumph 0 0 0 0 0 0

Druchamp 0 0 0 0 0 0 + 0

Etoile de Choisy 0 0 0 0 0 0

Flamingo 0 0 + 0 0 + + 0

Gaines 0 0 0 0 0 0

Golden 0 0 0 0

Ibis 0 0 0 0 0 + 0 0

Leda 0 0 0 0 0 0

Michigan Amber 0 0 0 0 0 0 0

Moro 0 0 0 0 0 0 0 0

Omar - 0 0 0 0 0

Rubin 0 0 0 0 0 0 0 0

Suwon x Omar4 0 0 0 0 0 0 + 0

a/ 0 = no change in RT, - = more resistant RT and + = more susceptible RT when inoculated at
the 2/18C profile.
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at 2/18 C. W-54 exhibits no change in virulence at 2/18 C which

separates it from the other seven isolates. W-7 is separated

from all but SW-2-1 by its increased virulence on Flamingo at

2/18C. It is separated from SW-2-1 by the latterrs decrease in

virulence on Gaines at 2/18 C.

These results indicate that the change in RT caused by a

change in the temperature at which the wheat variety was grown

was not governed by that variety alone. If the change in RT was

governed solely by the differential variety, one would expect the

same change to occur for all isolates of stripe rust inoculated onto

that variety. This did not occur. Also, if the change in RT was

governed solely by the effect of temperature change on an isolate

of stripe rust, one would expect the same change to occur on all

differential varieties inoculated with that isolate. This did not

occur for all differential varieties inoculated with the same isolate.

The host-pathogen interaction may be differentially temperature

sensitive and this characteristic can be used to distingush differ-

ent physiologic forms of the fungus. Thus the selection of a set

of differential wheat varieties that will exhibit RT's that are

temperature stable for all isolates of stripe rust seems highly

unlikely.
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Grass Isolates

Stripe rust occurs on grasses as well as wheat in Oregon.

Characterization of the races of stripe rust on grasses may help

to elucidate the role native grasses play in the oversummering of

this rust.

Two grass isolates were selected. One was from a non-

wheat growing region near Burns, Oregon (SB-40-1) , and one

was from the Willamette Valley (SE-2-1). SB-40-1 represents a

single spore isolate from Elymus canadensis. A comparison of

these two isolates shows that they are both capable of infecting all

of the commonly susceptible varieties of wheat used in the set of

differentials.

The varieties Gaines and, until recently, Omar are grown

extensively through the wheat growing regions of the Pacific North-

west. These varieties are very susceptible in the seedling stage

to both grass isolates of stripe rust. SB-40-1 also has the capa-

bility of attacking the resistant commercial variety Druchamp under

growth chamber conditions. Thus, grasses are capable of harboring

isolates of stripe rust which are pathogenic on commercially

grown wheat.

The isolate SB-40-1 demonstrates that grasses can apply

selection pressures on stripe rust similar to those applied by
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wheat varieties. Thus, new races which are virulent on wheat

may arise on grasses; however, no isolate similar to SB-40-1

has been found on commercial wheats.

Effect of Pre- and Postinoculation Tenaperatu.re
on RT

To determine the effect of preinoculation temperature on

RT's, 15 differential varieties were grown at 18 C and the 2/18 C

cycle. The differentials were inoculated with isolate W-54 and

given a 12 hour dew period. After the dew treatment one group of

plants was returned to each of the original temperature regimes

and the other two groups of plants were returned to the opposite

temperature regime. The RT's which developed are given in

Table 9.

Twelve of the 15 varieties showed no or only slight changes

in RT's under the modified temperature regimes. The RT of

Dippes Triumph was influenced by the postinoculation incubation

temperature only. Postinoculation incubation at 2/18 C reduced

the RT from three to two. Flamingo gave a varied reaction to

changes in the temperature regime. At the 18:18 C regime it

gave an RT of two which was changed to an RT of 1 at the 18:2/18 C

regime. The reduction in RT was related to a reduction in average

temperature after infection. Under the 2/18:2/18 C regime
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Table 9. Effect of pre- and postinoculation temperatures on
reaction types. a/

Reaction type under four temperature regimes
Variety 18:18 Cb/ 2/18:2/18 C 18:2/18 C 2/18:18 C

Cappelle Desprez OOn On oo 00
Chinese 166 00 00 00 00
Dippes Triumph 3c 2 2 3c
Druchamp On OOn OOn OOn

Etoile de Choisy 3c 3 4 3

Flamingo 2c On-3 1 3

Gaines 3 3 3 3

Golden 3 3 3 3

Ibis 00-3 00n OOn 00-3
Leda 3 3 4 3c
Michigan Amber 3 3 4 3

Moro 00 00n OOn i
Omar 3 3 3 3

Rubis 3 4 3 3

Suwon x Omar4 1 00 2 00

a/ Inoculated with isolate W-54 and given 10.5 hours of dew.
b/ Preinoculation:postinoculation temperature.

Flamingo gave an RT of On-3. This variable RT was changed to

an RT of 3 under the 2/18:18 C regime. This is opposite to what

happened above in that the RT is increased as the average incuba-

tion temperature is increased. The fact that the 2/18:18 C regime

does not result in the same RT as the 18:18 C regime suggests

the preinoculation temperature has some effect on the final RT

of this variety. The 2/18 C preinoculation temperature gave the

higher RT when accompanied by the 18C postinoculation temperature

for Flamingo.
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Suwon x Omar4 gave a 00 RT under both the 2/18:2/18 C

and the 2/18:18 C temperature regimes. The 18:18 C regime gave

a RT of 1,but when the 18 C preinoculation temperature was

accompanied by the 2/18 C postinoculation temperature the RT

increased to 2.

These results show that with certain host-pathogen combin-

ations the reaction types may be changed by both preinoculation

and postinoculation incubation temperatures.

Comparison of RT and Prevalence on First and
Second. Leaves

To determine if the RT's and prevalence given by the first

and second seedling leaves were the same, a set of 15 differential

varieties were inoculated after the second leaf had fully emerged.

The results are given in Table 10. The data for 18 C is not

shown since no differences in RT were observed between the first

and second leaves and both gave a prevalence of approximately

100 percent. For this study, prevalence indicates the number of

leaves showing infection as a percent of the total leaves evaluated

for the variety.

No difference in RT was noticed between the first and second

leaves at the 2/18 C cycle, but the prevalence was less on the

first leaves as compared to the second leaves in some cases.
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Table 10. Reaction type and prevalence on the first and second
seedling leaves for 15 differential varieties inoculated
with isolate W-54 and grown at 2/18 C.

Variety
First leaves Second leaves

RT Prevalance RT Prevalence
Percent Percent

Cappelle Desprez On 75,0 On 100
Chinese 166 00 62.5 00 100
Dippes Triumph 2 87.5 3 100

Druchamp 00 25.0 OOn 100
Etoile de Choisy 3 71.4 3 75.0
Flamingo On 75.0 On 100
Gaines 3 100 3 100
Golden 3 50.0 3 100

Ibis 00 100 OOn 100
Leda 3 100 3 100
Michigan Amber 3 100 3 100
Moro 00 42.9 OOn 100
Omar 3 80.0 3 100

Rubis 4 100 4 100

Suwon x Omar 4
00 12.5 00 100

The first leaves of seedlings grown at 2/18 C showed a lower

prevalence than those grown at 18 C. The reduction in prevalence

on the first leaves is apparently due to some inherent character

of those leaves which functions in relation to the 2/18 C tempera-

ture cycle. This difference in prevalance was exhibited by all

the differential varieties except Gaines, Ibis, Leda, Michigan Amber

and Rubis which consistently gave a prevalence of near 100 percent.

The factor responsible for the reduction in prevalence on

the first leaves must function both before and after inoculation since



some reduction in prevalence was seen at the 18:2/18 C and the

2/18:18 C regimes.

Incubation and Latent Periods

48

The incubation period is the time from penetration of the host

by the pathogen until symptoms become visually evident. The

latent period is the time interval from penetration of the host

by the pathogen until the infected tissues become infectious. In

the case of stripe rust this is the time from penetration until the

pustules open.

The incubation period and the latent period for each of the

isolates used was recorded on the variety Gaines at both tempera-

ture regimes and the least significant difference (LSD) was calcu-

lated for each (Table 11).

SW-47-1 exhibited a mean latent period and mean incubation

period of 5.6 days and 9. 6 days, respectively, at 18 C and 12.5

days and 16.0 days, respectively, at 2/18 C. These were the

longest incubation and latent periods for the nine isolates. The

incubation periods for SW-47-1, SE-2-1, W-54, SW-2-1 and SW-7-1

were not significantly different at 18 C. With the exception of

SW-7-1 these isolates appeared as one race group at 18 C. W-57

and SW-4-12 also appeared as a race group at 18 C but there was

no significant difference between their incubation or latent periods



Table 11. Incubation and latent periods for 9 isolates of stripe rust on Gaines wheat at
2 temperature regimes.

Incubation period in clays Latent period in days

18C 2/18C 18C 2/18C

Isolate Mean-a/ Isolate Mean Isolate Mean Isolate Mean

SW-47-1 5.0111 SW-47-1 12.5 SW-47-1 9.6 SW-47-1 16.0
SE-2-1 5.3 SW-2-1 12.0 SW-2-1 9.6 SB-40-1 15.0
W-54 5.3 SE-2-1 10.5 SE-2-1 9. 3 SW-2-1 15.0
SW-7-1 5.0 W-57 10.5 W-54 9. 3 W-57 14.5
SW-2-1 5.0 SB-40-1 9.5 SB-40-1 9. 0 SE-2-1 14.0
SB-40-1 4.6 W-7 9.5 W-7 9. 0 W-7 13.5
W-57 4.3 SW-7-1 9. 0 SW-4-12 9.0 SW-7-1 13.5
W-7 4.0 W-54 7.5 W-57 8.6 W-54 13.0
SW-4-12 4.0 SW-4-12 SW-7-1 8.6 SW-4-12

Average 4.8 10.1 9. 1 14.3

LSD
05

1.00 2.20 0.74 2.70

a/ Mean is the average of 3 replications.
b/ Means included within the vertical lines are not significantly different at the 5% level.
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for the same temperature profile. No correlation could be made

between incubation or latent period and race differentiation for

the remaining isolates at either temperature regime.

No consistent correlation could be made between the incuba-

tion or patent periods for an isolate of stripe rust and its charac-

terization as a race.

Differences in incubation periods between isolates were less

at 2/18 C as compared to 18 C, The isolates could be separated

into four groups based on incubation periods at 18 C while three

groups were separated at 2/18 C. Only two groups could be

separated at 18 C and 2/18 C based on latent periods.

The mean incubation period for all isolates was increased

5. 3 days when the temperature regime was changed from 18 C to

2/18 C. The mean latent period for all isolates was increased by

5. 2 days for the same temperature change. The difference between

the mean incubation period and the mean latent period was 4.3 and

4. 2 days for 18 C and the 2/18 C cycle, respectively. Thus a

temperature change has little influence on the length of time be-

tween symptom development and sporulation but is the main factor

influencing the length of the latent period by changing the length

of the incubation period.

The length of the latent period was associated with varietal

resistance. Table 12 gives the average latent period of the nine



51

Table 12. Latent periods for nine isolates of stripe rust inoculated
on 15 differential varieties grown at 18 C.

Variety
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I c
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.--1
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N
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1

N
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I

41
I

cn

714
LII

I

Id
a)

Cappelle Desprez a/11 11 9 10.3b/

Chinese 166 9 11 11 9 11 10.2
Dippes Triumph 11 9 9 9 11 10 9 11 16 9.4b/
Druchamp 9 17 9 11.6
Etoile de Choisy 11 9 10 9 10 12 9 11 16 10.85/
Flamingo 12 9 I0.5
Gaines 9 9 9 9 9 9 9 9 9 9.0
Golden 10 9 10 9 11 10 9 9 14 10.1 b/
Ibis 9 16 12.5
Leda 11 9 10 11 10 10 9 11 14 10.5
Michigan Amber 10 9 9 9 9 10 9 9 10 9.3b/
Moro 9 13 11.0
Omar 10 9 9 11 9 11 9 11 14 10.6
Rubis

4 10 9 9 11 9 11 9 9 12 9.9b/
Suwon x Omar 12 14 17 14.3

a/ Days, average of 3 replicates to nearest whole number.
b/ Total means for the most resistant varieties.

isolates on the 15 differential varieties at 18 C. The more resis-

tant varieties, Cappelle Desprez, Chinese 166, Druchamp,

Flamingo, Ibis, Moro and Suwon x Omar4 (based on RT for the

nine isolates), exhibited a longer latent period than the remaining

more susceptible varieties. The average latent period for Gaines

and. Michigan Amber was 9. 0 days and 9. 3 days, respectively,

while that for Suwon x Omar4 was 14.3 days. The difference in

latent period between Gaines and. Suwon x Omar4 was 5.3 days and

was the largest difference between any two varieties. The
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difference between Michigan Amber and Suwon x Omar4 was 5.0

days. Based on RT's for the nine isolates, Gaines and Michigan

Amber are the most susceptible varieties while Suwon x Omar
4

is the most resistant at 18C. These results support the figures

published by Shaner (1969). The implications of an increase in

latent period to the epidemiology of stripe rust are discussed

by van der Plank (1963).

Field Evaluation of Seven Isolates of Stripe Rust

Field plots of two winter and two spring wheats were estab-

lished to evaluate possible differences between isolates of rust.

The winter wheats were grown at the Hyslop Agronomy Farm near

Corvallis and the spring wheats were grown at the North Willamette

Experiment Station near Aurora, Oregon.

Seven isolates were used to inoculate the winter wheats and

three isolates were used for the spring wheats. The isolates used

at these locations are given in Table 3.

The plants in a one-foot section of the center row of each

plot were inoculated. The apparent infection rate (r) was calcu-

lated for each isolate (Table 13). The r value is determined by

calculating the regression coefficient for a regression line fitted

to a series of logit values plotted against time (van der Plank,



Table 13. Apparent infection rates for seven isolates of stripe rust on two winter and two spring wheats
at the Hysolp and North Willamette sites, 1968.

Isolate

Hyslop a/ North Willamette 12-/

Omar Gaines Baart Federation
r r r r

SE-2-1 0. 1420 -0. 0088
W-7 0. 1414 -0. 0115
SH-2-1 O. 1313 -0. 0450
SW-2-1 0. 1468 -0. 0211 0. 0953 O. 1000
SW-7-1 0. 1246 -0. 0281 O. 0541 0. 0828
SB-40-1 O. 1199 -0. 1468 O. 0552 O. 0557
W-49 0. 1470 -0. 0014

F(obs. )/F. O. 244/3. 50 1.598/3.50 7.16/4.35 7.19/4.35

a/ Winter wheat site.
b/ Spring wheat site.
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the decimal fraction of leaf surface attacked.

No significant differences in apparent infection rates were

detected between isolates on the winter wheats. The r values

for the Omar plots compared favorably with data presented by

Shaner (1969) for an Omar field in northeastern Oregon in 1964,

indicating that these values are realistic. The negative r values

for Gaines results from the mature plant resistance for this

variety.

There were significant differences between the three isolates

tested on the spring wheats. SW-2-1 gave the highest r value

for both Baart and. Federation. SB-40-1 gave the next highest

r value followed by SW-7-1 on Baart and the reverse order was

followed on Federation. These differences suggest that races of

stripe rust may possess different aggressive capabilities on a

wheat variety.

The failure of the winter wheats to show any significant

differences in r values between the seven isolates may be due to

the lack of ability of these susceptible varieties to react differently

to the isolates used under field conditions. It is more likely,

however, that the effect of a heavy powdery mildew infection just

after the plots were inoculated concealed any differences that

might have been observed. In addition to this, the climatic
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conditions in 1968 were not favorable for good stripe rust develop-

ment. This factor undoubtedly influenced the performance of the

stripe rust isolates in the field.

Growth chamber identification of races of stripe rust is a

sensitive measure of physiologic specialization, but it gives no

indication of its epidemilogical significance in the field. Deter-

mination of r values may be a useful tool in the evaluation of

physiologic specialization in stripe rust.
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1.

SUMMARY

Eight races of stripe rust were identified from collections

made in the Pacific Northwest.

2. Four race groups were identified based on their reaction

types on 15 differential wheat varieties grown at 18 C.

3. Three race groups could be identified at 18 C using only

the five commercially grown Pacific Northwest wheat

varieties--Gaines, Omar, Golden, Moro, and Druchamp.

4. All eight isolates of stripe rust compared on the 15 differ-

entials under the 2/18 C temperature cycle could be identified

as separate races.

5. Seven of the isolates tested under the 2/18 C cycle could

be identified as separate races using the five Pacific North-

west wheat varieties.

6. The eight isolates could also be separated into races based

on a change in reaction type due to a change in incubation

temperature from 18 C to 2/18 C.

7. Pre- or postinoculation growth temperatures influenced the

reaction types of three differential wheat varieties, Dippes



Triumph gave a more resistant reaction with a decrease in

the postinoculation incubation temperature. Suwon x Omar

gave a more susceptible reactione.s the postinoculation in-

cubation temperature was lowered while the reaction types

for Flamingo varied depending on the pre- and postinocula-

tion incubation temperature combination.

57
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8. Reaction types were the same on the first and second seedling

leaves of the differential wheat varieties. Prevalence was

reduced on the first seedling leaves as compared to the

second seedling leaves under the 2/18 C cycle.

Incubation and latent periods were extended under the lower

temperature cycle, but no correlation could be made between

these changes and the stripe rust races. The more resistant

wheat varieties exhibited the longer latent periods.

10. Three isolates showed significant differences in apparent

infection rates on spring wheats under field conditions.
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