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Growth habit, occurrence, and use.    The genus Grayia Hook. & Arn., named for the 
American botanist Asa Gray, contains a single species–spiny hopsage (table 1). Plants are erect to 
rounded, summer-deciduous shrubs 0.3 to 1.2 (1.5) m tall. Branches are divergent and thorn-
tipped, with whitish gray to brownish bark that exfoliates in long strips. Leaves are gray-green, 
alternate, entire, and fleshy, sometimes turning bright red before abscising. Pubescence of young 
twigs and leaves consists of simple or stellate hairs. Prominent globose, gray-green overwintering leaf 
buds develop prior to summer leaf fall.   

Widely distributed in the western United States (table 1), spiny hopsage is a common 
associated species in Wyoming big sagebrush, salt desert shrub, pinyon–juniper, Mojave Desert, and 
Great Basin–Mojave Desert transition communities, but it rarely grows in monocultures (Welsh and 
others 1987). The species occurs at elevations ranging from 160 to 2,130 m on soils that are silty to 
sandy, neutral to strongly basic, and often high in calcium. It also grows on sand dunes. Growth and 
nutrient content of vegetation growing near spiny hopsage are enhanced by the accumulation of 
litter rich in potassium and other cations (Rickard and Keough 1968).   

Spiny hopsage provides cover for birds and other small animals; spring and early summer 
forage for big game and livestock, and soil stabilization on gentle to moderate slopes (McCullough 
1969; USDA SCS 1968). The species was first cultivated in 1897 (Rehder 1940). 

Geographic races and hybrids.    Spiny hopsage is tetraploid (4x equals 36) (McArthur and 
Sanderson 1984). Natural hybridization between spiny hopsage and related chenopods has not been 
observed. However, Drobnick and Plummer (1966) were successful in fertilizing female flowers of  
fourwing saltbush–Atriplex canescens (Pursh) Nutt.–with spiny hopsage pollen and obtaining viable 
progeny.  

Flowering and fruiting.    Plants are monoecious or dioecious, with the percentage of each 
varying among populations (Goodrich and Neese 1986; McArthur and Sanderson 1984). 
Inflorescences develop on floral shoots that die back following fruit dispersal. Flowers are 
inconspicuous. Staminate flowers, each consisting of a 4- or 5-lobed perianth and 4 or 5 stamens, 
develop in glomerate spikes. Pistillate flowers develop in dense bracteate spikes, racemes, or panicles 
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with 1 to several flowers in the axil of each bract. Some flowers are commonly vestigial. Each flower 
consists of a single pistil enclosed in 2 cordate to orbicular bracteoles united along their length 
except for a minute apical opening. Bracteoles enlarge in fruit, forming a papery, dorsally wing-
margined sac 9 to 15 mm in diameter (Shaw and others 1996) (figures 1 and 2). Mature bracteoles 
are white, green, or parchment-colored and are sometimes suffused with pink or red.  

Fruits are utricles with the thin, papery pericarp free from the seed (Shaw and others 1996) 
(figures 3 and 4). Seeds are vertical, disk-shaped, and 1 to 2 mm in diameter (figures 3 and 4). The 
seedcoat consists of a thin, dark brown outer layer and a tough, elastic inner layer. A well-developed 
embryo with pale yellow cotyledons and an elongate, inferior radicle encircles the perisperm (figure 
4). 

During a prolonged drought, spiny hopsage shrubs developing from a southern Idaho 
seeding did not begin flowering until they were 4 years of age (Shaw 1992b). Flowering occurs in 
late winter or early spring (table 2) and may be triggered by photoperiod (Ackerman and Bamberg 
1974). Flowers are wind-pollinated. Fruits mature in late spring or early summer and are usually 
dispersed within 1 or 2 weeks, but high winds accompanying summer storms can rapidy remove all 
mature fruits. Herbage, flower, and fruit production are dependent upon the availability of soil 
water and other environmental factors and vary widely among years (Rickard and Warren 1981; 
Wallace and Romney 1972). In dry years, plants may remain dormant, producing neither leaves nor 
flowers. 

Collection of fruits.    Size and quality of the developing seed crop at prospective collecting 
sites should be estimated prior to the harvest season. Mature utricles can be harvested by hand 
stripping or by beating the shrubs with paddles or tennis rackets. Freshly harvested utricles should be 
spread in a thin layer over drying racks or screens in an enclosed area with good ventilation. Utricles 
dried outdoors or in open buildings must be covered with netting or wire screens as they are easily 
scattered by light breezes. The hygroscopic bracts absorb water rapidly if exposed to environments 
with increased humidity. 

Seed extraction and cleaning.    Preliminary separation of harvested seedlots with an air-
screen machine removes twigs, large leaves, and other coarse material. Some empty bracts can also be 
separated by this process. Bracteoles may be removed, if necessary, by threshing them with a 
hammermill (King 1947) or a barley debearder (Jorgensen 1992). A seed scarifier, seed de-winger, or 
rubbing board may be used to thresh small collections (Shaw and Haferkamp 1990). Threshing 
generally results in complete removal of bracteoles and partial to complete removal of the pericarp, 
leaving seeds as the product. Some embryos may be damaged during threshing as the radicle tip is 
vulnerable to abrasion (figure 4). 

Threshed seeds may be separated from chaff using an air-screen machine or a seed blower. 
Removing the chaff is necessary only when it is desirable to reduce bulk for storage or shipping. 
Otherwise, the chaff can serve as a diluent for the small seeds as it will feed through most seeding 
mechanisms when dry. Smith (1974) obtained 1.2 kg (2.6 lb) of cleaned seeds from 45.4 kg (100 lb) 
of fruits. Number of bracted utricles and seeds per weight and seed fill data are provided in table 3.   

Storage.    Kay (1976) and Kay and others (1977, 1984, 1988) found that total germination 
percentage of seeds dried to a water content of 5.1% and stored at –15 or 4 °C or room temperature 
in sealed glass containers containing a silica gel desiccant did not decline from the initial value of 
42% after 14 years (Kay 1976; Kay and others 1977, 1984, 1988). Germination of air-dried seeds 
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stored in cloth bags in a warehouse decreased to about 20% after 1.5 years and to 0% after 7 years. 
All germination tests were conducted at 15 °C. Thus, for long-term storage, it is recommended that 
seeds be dried to a water content below 10% and kept in sealed containers.  

Pregermination treatments and germination tests.    Dormancy of freshly harvested utricles 
of many woody chenopods can be reduced by dry afterripening, whereas the response to wet 
prechilling and temperature is regulated by the environmental conditions in which they were 
produced (Ansley and Abernethy 1985; Kay and others 1988; Springfield 1972). However, the 
response of spiny hopsage seeds to dry afterripening is poorly known and may vary with seedlot and 
with seed age. Shaw and others (1994) found that field germination and seedling establishment of 2 
spiny hopsage seed collections from the northern shrub steppe were similar after 2 and 4 years of dry 
storage at room temperature. By contrast, King (1947) found an additional 2 years of dry 
afterripening decreased the wet prechilling requirement for eastern Washington seeds from 12 weeks 
at 5 °C for 4-year-old seeds to 2 weeks for 6-year old seeds.   

Spiny hopsage seeds produced in the northern shrub steppe are generally more responsive to 
wet prechilling than seeds produced in the Mojave Desert (Shaw 1992a; Wallace and Romney 1972; 
Wood and others 1976). Shaw (1992a) examined the effect of a 45-day wet prechill at 3 to 5 °C on 
2 northern shrub steppe collections. Prechilled bracted utricles and cleaned seeds of each collection 
were incubated over a wide range of constant (10, 15, 20, 25 or 30 °C) and alternating (15/5 and 
10/2 °C [8/16 hours]) temperatures. Prechilling increased germination from 9 to 64% and reduced 
days required to reach 50% germination from 40 to 29. Based on these results, she recommended 1 
to 2 months of wet prechilling for northern shrub steppe seedlots.  

Wood and others (1976) examined the germination response of 4 Nevada (Great Basin) and 
1 California (Mojave Desert) spiny hopsage seedlots at 55 constant and alternating temperatures. 
Prechilling was not required as the seeds were nondormant. After 1 week germination of seed lots 
incubated at constant temperatures was greatest at 10 and 15 °C (66 to 74%). For a seedlot 
collected at Dayton, Nevada, a 5 °C low temperature alternating with high temperatures between 10 
and 30 °C, inclusive (8/16 hours alternations), provided the greatest germination percentages (85 to 
90%). Maximum seedling elongation for this seedlot occurred after 1 week at 5, 20/15, 20, or 25/5 
°C. 

Wood and others (1976) also found that the presence of bracts did not affect germination of 
Nevada and California seed collections exposed to favorable incubation conditions. At low water 
potentials, greater germination of bracted utricles compared to seeds was attributed to the presence 
of the hygroscopic bracteoles. Shaw (1992a) found that prechilling enhanced subsequent 
germination of seeds more than bracted utricles from northern shrub steppe populations when 
placed under favorable incubation conditions and speculated that enhancement might be due to 
improved oxygen uptake by the seeds.  

The following techniques and criteria recommended for laboratory analyses by Belcher 
(1985), Dueleheimer (1992), and Shaw (1992a):  
 

Germination–Incubate seeds at 15/5 °C (8 hours/16 hours) or 15 °C. First count is taken at 
7 days, last count at 14 days. Wet prechilling for 30 to 60 days at 3 to 5 °C is recommended for 
northern populations. Normal seedlings are epigeal, with a thin, 10- to 15-mm-long hypocotyl; 
small, narrow cotyledons; short epicotyl; and well-developed roots hairs (figure 5).  
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Embryo excision–Soak seeds in water at 28 °C for 12 hours, then drain; excise embryos with 
sharp needles. Spiny hopsage embryos germinate rapidly at 15/5 or 15 °C. Evaluate as described for 
germination of seeds. 

Viability testing–Soak seeds in water at 28 °C for 12 hours, then drain; pierce seeds through 
perisperm with a sharp probe or needle; soak in a 1% 2,3,5-triphenyl tetrazolium chloride solution 
for 4 to 8 hours at 28 °C. Excise embryos with sharp needles and evaluate as described by Grabe 
(1970) for dicotyledonous species other than legumes.  

X-radiography–Shoot at 12 kV for 30 seconds for Kodak AA film and Industrex paper or at 
12 kV for 60 seconds for Polaroid film. Filled, empty, and abnormal development will be visible.  
 

Nursery practice.    Container stock can be grown using planting media described by 
Augustine and others (1979), Ferguson (1980), and Ferguson and Monsen (1974). Seeds should be 
given wet prechilling, if necessary. 

Bareroot stock of northern spiny hopsage populations may be produced by fall-seeding to 
permit early spring germination (Shaw 1992a, Shaw and Haferkamp 1990). This treatment 
maximizes the period of active seedling growth prior to leaf abscission and the onset of summer 
dormancy. Spring seedings of prechilled seeds generally have not been successful as it is difficult to 
prepare and plant the nursery beds early enough in the season. Seedlings developing from fall 
plantings generally produce a branched shoot and a taproot system with few lateral roots during the 
first growing season. Plants may attain adequate size for lifting as 1+0 stock, or they may be allowed 
to grow for an additional season, during which time they develop a more extensively branched root 
system. Bareroot seedlings must be lifted, packed, and handled with care as stems and branches are 
brittle and break easily. For prolonged storage, seedlings should be stored at –2 –C  in paper nursery 
bags packed in waxed cardboard boxes to reduce desiccation and mold problems (Beall 2000).  

Dormant bareroot spiny hopsage seedlings or container stock should be planted as soon as 
the ground thaws and before native shrubs in the vicinity of the planting site break dormancy. 
Removal of competing vegetation is critical to shrub seedling survival. Container stock has been 
established using supplemental water the first year (Ferguson and Frischknecht 1981, 1985; 
Frischknecht and Ferguson 1984; Hunter and others 1980; Romney and others 1971; Tueller and 
others 1974; Wallace and Romney 1974; Wallace and others 1980). Hunter and others (1980) 
recommended protecting seedlings with chicken-wire sleeves to reduce seedling predation in areas 
with high rodent or rabbit densities. 

Direct seeding.    In the commercial trade, “cleaned seeds” may mean bracted utricles from 
which coarse debris has been removed or seeds that have been separated from the bracteoles, 
pericarp, and extraneous debris. Either bracted utricles or seeds may be planted, but it is important 
to know which structure one is using. Bulk is considerably greater for bracted utricles, whereas 
purity and viability are generally greater for seeds. In order to ensure uniformity of flow, use of a 
conventional drill seeder with an agitator or a drill with a separate seed box and agitator for fluffy 
seeds is required for planting bracted utricles. Seeds may be planted with most conventional seeders. 
Regulating the seeding rate for the small seeds may be difficult unless they are sown through a drill 
with precision seeding regulation or mixed with either a diluent or seeds of other shrubs.  

Broadcasting without covering the seeds is not recommended. However, seeds or bracted 
utricles can be broadcast seeded if they are incorporated into the soil by harrowing. Wood and 
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others (1976) found emergence from broadcast seeding on a rough seedbed was greater for bracted 
utricles (18%) than from seeds (0%) in a greenhouse study. However, emergence of both bracted 
utricles and seeds was greater and similar (50%) from a 5-mm planting depth.  

Spiny hopsage has been planted in southern Idaho in late fall or winter by direct seeding or 
by broadcasting and covering. Seeds are thereby exposed to cool, wet seedbed environments, 
permitting early spring emergence when soil water conditions are favorable for growth prior to the 
onset of summer drought (Shaw and others 1994). Some seeds not encountering favorable soil water 
conditions for germination may enter secondary dormancy. Shaw and Haferkamp (1990) found 
seedling density was greater on rough seedbeds than on smooth seedbeds in early spring, perhaps 
because of improved microsite conditions. First-year establishment ranged from 0 to 24% of viable 
seeds planted from early fall to late spring on rough and smooth seedbeds. Seedling predators 
included seed harvester ants (Pogonomyrmex salinus Olsen) and nymphs of an unidentified plant bug 
(Melanotrichus spp.). 

Microenvironmental conditions in prepared seedbeds differ sharply from those in natural 
seedbeds as spiny hopsage seedlings usually establish beneath nurse plants (Manning and Groeneveld 
1990; Shaw and Haferkamp 1990). Consequently, spiny hopsage establishment may be enhanced by 
mulching or water catchment techniques that moderate soil water and temperature conditions.  
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Figure 1–Grayia spinosa, spiny hopsage:    bracted utricles. 
 
Figure 3–Grayia spinosa, spiny hopsage:    bracted utricle. 
 
Figure 2–Grayia spinosa, spiny hopsage:    utricles and seeds. 
 
Figure 4–Grayia spinosa, spiny hopsage:    seed and embryo. 
 
Figure 5–Grayia spinosa, spiny hopsage:    seedling development. 
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Table 1–Grayia spinosa, spiny hopsage:    nomenclature and occurrence  
                                                                                                                                                                                  
 Scientific name    
     & synonyms     Common name        Occurrence  
                                                                                                                                                                                  
G. spinosa (Hook.) Moq.  spiny hopsage, applebush, E-central & SE Washington, E Oregon, S & 
Chenopodium ? spinosum Hook. grayia, Gray’s saltbush,    central Idaho, S Montana, Nevada, Utah,  
G. polygaloides Hook. & Arn. hopsage, horsebush, saltbrush, W Wyoming, W Colorado, E & S  
Eremosemium spinosum Greene spiny-sage, wintersage California, & N Arizona 
Atriplex grayii Collotzi   
A. spinosa (Hook.) Collotzi 
                                                                                                                                                                                  
Sources:    Collotzi (1966), Dayton (1931), Hitchcock and Cronquist (1973), Kay (1977), Shaw (1992a, b), Smith 
(1974), Welsh and others (1987).  
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Table 2–Grayia spinosa, spiny hopsage:    phenology of flowering and fruiting 
                                                                                                                                                                                  

Flowering  Fruit ripening   Seed dispersal 
    Location                   dates                        dates                            dates 
                                                                                                                                                                                  
Northern Mojave Desert, NV Mar Mar Mar 
Great Basin, Mojave 
   Transition Desert, NV Feb-April Mar-Apr Apr 
Book Cliffs, CO Mar-May May May-JuneGreat 
Basin, NV  April & June May & July May & Aug 
Sagebrush steppe, OR & ID April-May    May-June May-June 
                                                                                                                                                                                  
Sources:    Ackerman and Bamberg (1974), Ackerman and others (1980), Blauer and others (1976), Branson and others 
(1967), Everett and others (1980), Goodrich and Neese (1986),  Plummer and others (1968), Shaw (1992b), Wallace 
and Romney (1972).  
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Table 3– Grayia spinosa, spiny hopsage:    fruit and seed characteristics 
                                                                                                                                                                                  

                                                  Seeds/weight                                             
                  Bracted utricles/weight                                  Range                                                 Average                   

/kg /lb                   /kg /lb /kg /lb 
                                                                                                                                                                                  
337,000-447,000 152,900-202,800 339,000-930,000 153,800-421,800 500,000 227,000 
  692,600-1,031,600 314,200-468,000 1,219,500 553,200 
                                                                                                                                                                                  
Sources:    Belcher (1985), Kay and others (1977), King (1947), Plummer and others (1968), Shaw (1992b), Smith 
(1974), Swingle (1939). 
Note:    Filled seeds (%) = 18 to 95. 
 
 
 


