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Black stem rust reduces big sagebursh 
duction 

BRUCE L. WELCH AND DAVID L. NELSON 

seed pro- 

Aufhors are principal research plant physiologist and plant pathologist with rhe USDA, Forest Service. Intemounlain 
Research Slation. Shrub Sciences Laboratoq 735 If500 E, Provo, Urah 84606. 

Abstract 

We conducted an experiment to determine the effects of a rust 
caisme on big sagebrush (Arfemisia tridentata Nutt.) seed produc- 
tion. We ranked 760 plants as to disease intensity in an estab- 
lished ‘Hobble Creek’ mountain big sagebrush (Arfemisia triden- 
tafa ssp. vaseyana Rydb. Beetle) seed-increase garden. These 
rankings were divided into 4 classes: I. very light intensity; II. 
light intensity; III. medium intensity; and IV. heavy intensity. 
Three years after planting all plants in the test showed signs of 
infection. The heavier the infection the fewer seeds produced. 
Cost of the rust disease was estimated at about $3,562 ha-l. 

Key Words: Artemisia tridentala ssp. vaseyana Rydb. Beetle, 
‘Hobble Creek’, Puccinia taneceti DC 

Big sq$~nzsh (dnenzisia midentata Nutt), provides food, nest- 
ing sites, and cover to a number of wildlife species. Animals that 
have been observed feeding directly on big sagebrush include: 
sage grouse (Cenirocerzzs zwophasianus), pygmy rabbit 
(Brachlagus idahoensis), pronghom antelope (Antilocapra ameri- 
cana), mule deer (Odocoileus hemionus hemionus), Rocky 
Mountain elk (Cerrur elaphzrs nelsoni), Rock- Mountain cotton- 
dl (Szrlviiagzrs nzznallii>, black-tailed jack rabbit @pus califomi- 
cus), dark-eyed junco (Jzmco hyenzalis), homedlark (Eremophila 
ialpesrris), white crowned sparrow (Zonot~chia lezzcophq$, Uinta 
ground squirrel (Ci~ellzzs armatzzs), domestic sheep (Ovis aries) 
and a host of arthropod species (Green and Flinders 19S0, Kufeld 
et al. 1973. Martin et al. 1951, Patterson 1952, Smith and Beale 
19SO. Welch 1993, 1995). Some of these animals such as sage 
grouse, are obligatory feeders on big sagebrush; most, such as 
mule deer, are facultative feeders. Plant parts eaten by these ani- 
mals include leaves, stems, flower stalks, seeds, and pollen. 

Big sagebrush plants provide a preferred platform for nest 
building for sage thrasher (Oreoscopres monranus), sage sparrow 
(!unphispka belli), and Brewer’s sparrow (Spizella breweri) 
Brann et al. 1976, Medin 1990,1992). 

As the range management community gradually accepts the 
idea that big sagebrush is a desirable plant, the demand for big 
sagebrush seed for use in revegetation projects has increased 
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from a few to several thousands kilograms per year. To help meet 
this demand, some seed growers have established seed-increase 
gardens of big sagebrush cultivars and selections. In a seed gar- 
den of ‘Hobble Creek’ (Welch et al. 1986) mountain big sage- 
brush (Artemisia tridentata ssp. vaseyana Rydb. Beetle), we 
observed the build-up of a rust disease. The 2 primary objectives 
of this study were: document the build-up of the disease, and 
measure the impact on seed production. Two secondary objec- 
tives were, describe the nature of damage and compare the infec- 
tion intensity of the garden to a nearby native stand of mountain 
big sagebrush and to the ‘Hobble Creek’ breeder block at the site 
of origin. 

The Rust Fungus 

The rust fungus causing the disease is Puccinia tanaceti DC 
(Arthur 1962). The disease is referred to as “black stem rust” 
because of the conspicuous and characteristic “blacking” of inflo- 
rescent stems resulting from dense sporulation of the black telial 
sot-i (fruiting structures). Arthur (1962) listed P. fanaceti as 
occurring on 35 species of Artemisia in North America. In the 
U.S. P. tanaceti occurs on Artemisia in all but 3 states west of the 
Mississippi River, Wisconsin, the 3 most southwestern provinces 
of Canada, Mexico, Central America, Europe, and Japan. On big 
sagebrush (A. rridentata), P. ranaceti has been collected in all 11 
conterminous western states except Arizona. P. tanaceti is an 
obligate parasite and all spore stages (pycnial, aecial, uredinial, 
telial) occur on one host. 

Materials and Methods 

In March of 1990, we established a ‘Hobble Creek’ mountain 
big sagebrush seed-increase garden about 3 km south of 
Bluffdale, Ut., at The Point of the Mountain. About 2,070 con- 
tainerized plants were transplanted onto the site. The container- 
ized stock was produced as outlined by Nelson (1984). Site 
preparation consisted of plowing and disking to remove all exist- 
ing vegetation. 

Elevation at this site is about 1,372 m. The average annual pre- 
cipitation is about 305 mm. Welch et al. (1986) demonstrated that 
356 mm of annual precipitation is needed for this cultivar to sur- 
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vive. Supplementary irrigation (50 to 100 mm) in the form of 
flooding or sprinkling w’as applied during the first 2 years. The 
soil on the site is Bingham gravelly loam. The soil is deep, well- 
drained and is derived from igneous and sedimentary rocks. 
About 100 mm of available water is held to a depth of 1.5 m. Soil 
ph ranges from 6.6 to 7.5. Rooting depth in this soil is less than 
50 to 76 cm (Woodward et al. 1974). The average frost-free peri- 
od is about 160 days. Permeability ranges from 102 to 160 mm 
per hour (Woodward et al. 1974). 

Once a year in the fall from 1990, we checked each plant for 
signs of the rust disease. The disease was identified by the pres- 
ence of small black fruiting bodies or telial sari of the pathogen 
(Fig. I). With heavy infections, the sari appeared as black streaks 
and spots on stems and leaves (Fig. 1). 

By the third growing year (1993), the disease had spread 
throughout the garden. The intensity of rust infection varied from 
plant to plant. We devised an ocular method of partitioning infec- 
tion intensity into 4 classes (Fig. 2). Class I represented a very 
light infection level that required some hand searching through 
vegetative and inflowcent shoots to locate the widely scattered 
telial sari. Class II represented a light infection level and required 

Fig. 1. Nature of the black stem rust disease on mountain big sage 
brush (Artemisia tridentata ssp. vaseyana). The black circular 
structures are the telial sori of the rust fungus Puccirria tonneeli 
(magnification 10x). 

Table 1. Analysis of Variance and test of significant difference among the 
seed yield of 4 classes of rust infection intensity. Each class was repro- 
sented by 10 ‘Hobble Creek’ mountain big sagebrush plants growing 
in a seed-increase garden. Data expressed as the mean of 10 plants per 
class. Seed yields given in grams of pure live seed (pts). 

Analysis of variance 
Source Degrees of freellom Mean square I- 
Among dasxs 3 3570.613 31.79 
Within classes 36 LIZ.297 
ma, 39 

Test of significant difference 
Infection class II III I” 
Gmm pts 43.L 39.3a 16.4b 4.w - 

no hand searching. Class III represented a medium infection level 
and Class IV a heavy level. Each class represented about a dou- 
bling of the infection. 

We rated all plants on the first 20 rows of the garden, amount- 
ing to 760 plants. After rating, all plants in a class were pooled 
and 10 plants per class were selected at random. These plants 
were used to measure the effect of the rust disease on seed pro- 
duction. The test plants were harvested on 15 November 1993. 

Inflorescences were removed by use of a handclipper and 
placed in plastic bags. The inflorescences were then dried by 
placing the plastic bags in a heated (20” C) greenhouse. The bags 
were left open and the inflorescences hand stirred each day. The 
main stems of the inflorescences were hand stripped of seeds, 
achenes, floral bracts, fine stems. and leaves after drying. A 14 x 
14 mesh screen was used to separate line stems and intact leaves 
from seeds, achenes, floral bracts, and broken fine stems and 
leaves. The resulting material was rubbed on a finely seated 
board to further free achenes from florets. 

Final seed cleaning was done with a small-lot air-lift seed 
cleaner. The cleaned-seed lots from each of the 40 plants were 
weighed to the nearest 0.1 gram, and used to determine seed puti- 
ty and viability. Seed purity was determined from a 0.3-gram 
sample by separating filled seeds or achenes from broken or 
aborted fruits and chaff. These 2 allotments were weighed to 
0.0001 of a gram and purity calculated. Seed viability for the 40 
seed lots was determined by using the tetrazolium staining test 
(Grabe 1972) as outlined by Meyer et al. (19X7), except that we 
immersed seeds in the buffered tetrazolium solution for 24 hours 
instead of 6. Seed lot weights, purity, and seed viability were 
used to calculate the amount of pure live seed produced by each 
plant. Data collected were analyzed using one way analysis of 
variance (&0.05). Treatments were the 4 infection intensity 
classes. Replications were the 10 randomly chosen plants for 
each class. Newman-Keul’s multiple range test was used to detect 
differences among treatment means (P<O.O5). 

We rated the rust infection intensity of 100 plants in a small 
native stand of mountain big sagebrush located about 100 m 
southwest from the seed garden. The same data were collected 
from 50 plants at the ‘Hobble Creek’ breeder block (50 by 50 m), 
or site of origin located near the mouth of Hobble Creek Canyon 
about 48 km southeast of the seed garden. This data set allowed 
us to compare the infection intensity of the breeder block (50 
plants) to a native stand growing near the garden (100 plants), 
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Fig. 2. Iltustmtion of the 4 rust fungus infection intensity Classes I, II, III, IV. Innorescent shoots (left to right) with corresponding enlarge- 
ment below showing intensity level of telial sori on leaves, stems, and florets. (l/3 actual size of inflarescent shoots, lx magnification of telial 
sari). 

and the seed-increase garden (760 plants). Data were statistically our seed yield data, a price of $88.19 per kilogram of pure live 
analyzed by means of a 3 x 4 contingency table (3 sites, 4 class- seed, and 2,250 plants per hectare (ha-‘), we estimated that the 
es). disease reduced the gross income by $3,862 ha-‘. Using the aver- 

age seed yield of Classes I and II as an estimate for unrusted 

Results and Discussion 
plants, we calculated a potential gross seed yield value of $8,252 
ha-t. The 1993 seed yield, affected by black stem rust, was calcu- 
lated by using the percentage of plants in each class and yield per 

No rust infected plants were found in the garden in 1990, signs plant (Class 14.1%; 43.9 gm; Class II 27.1%, 39.3 gm; Class III 
of disease were found on I5 plants in 1991, 247 plants in 1992, 55.9%, 16.4 gm: Class IV 12.9%. 4.0 gm) for a value of about 
and all 1,986 live plants in 1993. The 1992 increase from 15 to 49.82 kg ha-’ or a gross income of about $4,390 ha-t. 
247 infected plants represents a 16.5 fold increase vs. a 8.0 fold With heavy infection (classes III and IV), during mid to late 
increase between 1992 and 1993. summer, we observed that both ephemeral and persistent leaves 

Effect of the black stem rust disease on seed production is began to defoliate. Defoliation became severe especially on vege- 
given in Table 1. Because all plants of the seed increase garden tative shoots. and continued through fall and winter. The indeter- 
were infected, we do not know what the seed yield would be for minate growth of inflorescence shoots, enhanced by fav6rable 
uninfected plants. However, we do not believe that the seed yield moisture, continued even into flowering. With heavily infected 
of uninfected plants would be significantly different than the plants, there was a noticeable stunting of inflorescent shoots and 
yield of the lightly infected plants of Class I. an inhibition of floret development. Only a few of the late-fotn- 

The economic effect of black stem rust is dramatic. Based on ing florets on the tips of shoots eventually flowered. The contrast 
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Tab!e 2. Chi-square comparison among 3 sites for intensity of rust infec- 
tions. Classes lied represent increasing severity of rust infection from 
class I to IV. Data based on a ranking of 50 plants for the breeder 
block, 100 plants for the native stand, and 760 plants for the garden. 

Infection class 
Breeder block 

Site 
Native stand Garden 

c13ss I 20 (4Ofr)“’ 1 (I%)3 31(-I%) 
ckiss rr 19 (3%) 4-l (44%)= 206 (27.1 %) 
ClaFs m 10 (20%)” 5-l (54%) 425 (55.9%) 
chss rv 1 (29F 1 Cl%F 9s 12.9% 
Totd plxns per site 30 100 760 
Ia= Cells v&b a sipiticmt difference between observed and qected v&m at the 5% 
lW&l. 

in floret development on inflorescent shoots, with the 4 classes of 
infection intensity, is illustrated in F&we 2. Decrease photosyn- 
thetic capacity of plants by defoliation, stunting and inhibition of 
fioret development is likely the main cause of reduced seed pro- 
ductivity. Future studies are needed to quantify these observa- 
tions. 

Comparison of the black stem rust infection intensity at the 3 
sites is given in Table 2. Because the genetic composition of the 
pknts in the breeder block and seed increase garden was similar, 
and the rust fungus was widespread, the higher infection level at 
the garden can be reasonably attributed to either environinental 
site differences or differences in the genetics of the rust. Future 
studies are needed to determine the factors involved in the build- 
up of the disease. 

There appear to be at least 2 avenues for development of con- 
trol; genetic resistance and the use of fungicides. Most of the 
plants rated as Class I esqessed a hypersensitive type resistance 
rextion. It may be possible to develop a variety of ‘Hobble 
Creek’ mountain big sagebrush with some genetic resistance. 
Preliminary evaluation of several fungicides shows promise in 
controlling black stem rust 
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