
Germination of green and gray rubber rabbitbrush and 
their establishment on coal mined land 
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The objective8 of tbia study were to: (1) determine tbe effecta of 
temperature and water stress on germination, and; (2) evaluate 
effects of seeding date on emergence and auvival of green and gray 
rubbermbbitbNeb(Clvysollromnc nauwanu(PaUas)Britt. sulmp. 
graveole~ (Nutt.) Piper. md Chrysothanmus nauseosla (P8UM) 
Britt. subep. nuuscosus (Nutt.) Piper.). Seeds of botb sbruba were 
incubated at 10,20, and 300 C in a gradient of osmotic potentials 
ranging from 0.0 to -1.5 MPa. Seedings were also made in tht field 
on reeding dates over a period of 3 years. Total germination and 
germination rate declined aa temperaturen end osmotic potential8 
decreased; they wtre bigbest for both sbruk at 20 and 300 C and 
lowest at 10” C. Under field conditions seedling populationa wert 
limited by low emergence and survival relative to viable seed 
planted. Emergence and survival of aeedlinga were highest in an 
exceptionally wet year, declining in 8ubeequtnt yttn that were 
drier. Emtrgenct rnnged from 0 to 6.9% and 0 to 7.1% and surviv81 
of emerged seedling8 ranged fkom 6.6 to 5% and 0 to 60% for green 
and gray rubber rabbitbrush, respectivtly. Survival of green 
rubber rabbitbrusb was bigbest from mid-spring plantings, but no 
distinctively favortblt seeding date was found for gray rubber 
nbbitbrusb. Results suggest that seeds of these shrubs should be 
planted prior to or during periods wbtn seedbed temperature8 are 
in tbe 20 to 39 C range and soil moisture is txpttttd near its 
seasonal bigb. 
Key Words: Chrysothamnus nauseosus, reclamation, wed ecol- 
ogy, w8ttr stress, nativt species, shrubs 

Green rubber rabbitbrush (Chrysorhamnus nuuseosus (PaUas) 
Britt. subsp. gruveoiens (Nutt.) Piper.) and gray rubber rabbit- 
brush (Chrysothamnus IuIuseosI(s (Pallas) Britt. subsp. nol(seosI(s 
(Nutt.) Piper.) are morphologically and ecologically distinct, but 
sympatric, subspecies that grow on the northern Great Plains. In 
many areas rabbitbrush is classified as undesirable by range man- 
agers. However, green and gray rubber rabbitbrush are important 
components of rangeland, adding structural and functional diver- 
sity. They show potential for use in reclaiming disturbed land by 
providing cover, stabilizing soils, moderating temperature and 
moisture regimes, providing forage for mule deer and pronghom, 
and adding to the aesthetics. Most rabbitbrushes grow rapidly, 
produce abundant seed, but are not aggressive competitors with 
herbaceous plants (McArthur et al. 1979). 

Green rubber rabbitbrush, a large shrub growing to 2m tall, is 
common on south and southwest slopes of badland plant commun- 
ities in southeastern Montana (Brown 1971). This shrub is an early 
successional species on a wide variety of soil textures on severely 
disturbed sites including borrow pits, road cuts, and spoil banks of 
coal and bentonite mines. 

A smaller shrub, gray rubber rabbitbrush grows to 0.3 to 0.8 m 
tall. It is limited in its colonizing potential on drastically disturbed 
sites. Gray rubber rabbitbrush grows mainly on tine textured soils 
of ridges and slopes in good condition grassland communities 

Authors are assistant professor, Department of Crop Science and Plant Ecology, 
University of Saskatchewan, Saskatoon, Saskatchewan S7N OWO (Canada), and 
associate professor, Department of Rangeland Resources. Oregon State University, 
Corvallis 97331. At the time of this research the authors were research assistant and 
professor, University of Montana, Missoula, respectively. 

Research was funded by the U.S. Department of Energy Grant EY-76-S46-2232. 
Manuscript accepted 21 July 1988. 

JOURNAL OF RANGE MANAGEMENT 41(6), November 1966 491 

dominated by bluebunch wheatgrass (Agropyron spicatum (Pursh) 
Scrib. and Smith) and plains muhly (Muhlenbergia cuspid&u 
(Torr.) Rydb.). 

The basic requirements for germination and establishment must 
be elucidated for green and gray rubber rabbitbrush before they 
can be used to their fullest potential in reclaiming drastically 
disturbed lands. Objectives of this study were to: (1) determine the 
effects of temperature and water stress on germination of their 
seeds, and; (2) evaluate emergence and survival of these 2 subspe- 
cies of rubber rabbitbrush as influenced by timing of field plantings 
on reshaped coal mined land. 

Materials and Methods 

Germination Experiments 
/ 

Seeds (achenes) of green and gray rubber rabbitbrush were 
harvested at the same site in October, 1979 and 1980, from several 
naturally established plants on unleveled spoilbanks at the West- 
em Energy Coal Mine near Colstrip, Montana. Seeds were taken 
to the laboratory, dried at room temperature, cleaned as described 
by Eddleman (1977), and stored in paper envelopes in darkness in 
the laboratory at approximately 20” C. A seedblower was used to 
remove empty seeds and provide uniform seed weights between 
years of collection. 

Germination tests were conducted 14 and 4 months after collect- 
ing the seeds in 1979 and 1980, respectively. Solutions of polyethy- 
lene glycol6,OOO (PEG) were prepared to depress osmotic poten- 
tials to -0.3, -0.6, -0.9, -1.2, and -1.5 MPa by adding PEG to 
distilled water (Michel and Kaufmann 1973). Distilled water was 
used as the control (0.0 MPa). Osmotic potentials of these solu- 
tions, determined by psychrometric procedures, were within 0.05 
to 0.18 MPa of those desired. Seeds were dusted with captan 
(N_I(trichloromethyl)-thiol4cyclohexene-l,2dicarboximide) tocon- 
trol fungi. Twenty-five of these seeds were placed in each petri dish 
on a S-cm square of germination paper and 30 ml of PEG solution 
were added. Petri dishes were covered and placed on trays on a 
water-saturated layer of germination paper, and the trays were 
enclosed in plastic bags to limit dessication. Seeds were incubated 
at constant temperatures of 10, 20, and 30° C without light. Ger- 
mination was recorded at 2day intervals through 12 days and at 
6day intervals thereafter through 30 days. Seeds were considered 
germinated when cotyledons of seedlings were reflexed; seeds that 
failed to meet thii criterion were jud&d abnormal. 

Within subspecies, treatments were applied factorially to 4 repli- 
cates arranged in a randomized complete-block design using year 
of collection, temperature, and osmotic potentials as main treat- 
ments. Average germination rates (90 day-‘) were calculated 
according to Maguire (1%2), and total germination was expressed 
as a percent. Percentage values were transformed with arcsin (6) 
and analyzed within subspecies using analysis of variance (Snede- 
car and Cochran 1980). Regression analysis was then used for 
untransformed data to develop response curves for each tempera- 
ture and year of collection to determine the best fit regression 
equation (Steel and Torrie 1980). Because of the high probability 
of great variation in germination potential of different seedlots of 
native plants, responses to water stress between years and tempera- 
tures were compared. Confidence limits were computed for regres- 
sion coefficients, allowing both comparison of water stress effects 
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Fig. 1. Response curvesfor (a) totalgermination and (b)germination rate 
of green rubber rabbitbrush seea!s collected in 1979 and 1980 and incur- 

Fig. 2. Response curves for (a) totalgermination and (b)germination rate 

bated at 10.20, and 300 C in a gradienr of osmotic potentials (derived 
of gray rubber rabbitbrush seeds collected in 1979 and 1980 and incu- 

from regression analysis; see Table 1). 
bated at 10,20, and 30” C in a gradient of osmotic potentials (&rived 
from regression analysis; see Table 1). 
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on total germination and germination rate among temperatures 
across years of collection. 

Emergence and Survival of Seedlings in the Field 
Emergence and survival were evaluated by sowing seeds of both 

shrubs on coal mined land that had been reshaped and topsoiled at 
the Western Energy Mine near Colstrip, Montana. Seeds were 
sown in early-spring (3 May 1979, 15 April 1980), mid-spring (10 
May 1978 and 30 May 1979), and fall (25 October 1978 and 12 
October 1979). Seeds collected in 1977,1978, and 1979 were hand 
sown in 2-m rows at a depth of approximately 1 cm the year 
following collection. In 1978,40 and 48 pure live seed (PLS) were 
sown per m for gray and green rubber rabbitbrush, respectively. 
Seeding rates were increased to 200 PLS per m for both subspecies 
in 1979 and 1980 in light of the low emergence recorded for the 
1978 seedlings. Seedings were evaluated during their fast growing 
season to determine seedling emergence; all plots were reevaluated 
in mid-summer 1981 to determine survival. Because seeding rates 
were not uniform among years, emergence was converted to a 
percentage of PLS and survival was expressed as a percent of 
seedlings that emerged. Data were transformed with arcsin (fi) 
and analyzed within subspecies using analysis of variance with 5 
replications in a randomized complete block design (Snedecor and 
Cochran 1980). Differences in significantly differing means for 
seedling emergence and survival were separated using Tukey’s 
W-procedure (Steel and Torrie 1980). 

RtdtS 

Germination Response to Temperature and Water Stress 
Total germination and germination rate of both shrubs were 

highest at 20 and 30” C and lowest at lo” C, and usually declined as 
osmotic potential decreased (Figs. 1 and 2). Germination of the 
1979 collections was higher at 10’ C than the 1980 collections, but 
at 20 and 30” C total germination of seeds from 1979 collections 
was lower than that for seeds collected in 1980. 

Total germination and germination rate for green rubber rab- 
bitbrush were related to the interaction of year of collection, 
temperature, and osmotic potential. The coefftcients of regression 
equations for total germination were similar and germination 
declined in similar fashion within 10 and 30° C across years of 
collection (Table 1 and Fig. 1). Decline in total germination as 
osmotic potential decreased at 20’ C was significantly different 
(KO,OS) between years. Regression coefftcients for the total 
germination-osmotic potential relationships were significantly dif- 
ferent (KO.05) between temperatures for the 1979 collection, but 
were similar for seeds collected in 1980 and incubated at 10 and 20° 
C. Within temperatures, shapes of the germination rate-osmotic 
potential relationships were similar across years (Table 1 and Fig. 
1). When all temperatures were compared within years, slopes of 
germination rate versus osmotic potential were similar at 10 and 
20“ C, but 300 C was distinct from the lower temperatures. 

Total germination for gray rubber rabbitbrush was related to 
interaction of year, temperature, and osmotic potential; germina- 

Table 1. Rcgreedon equation@ and coeffkknb of determination lor totd genuination and germination rate for green and gray rubber rabbitbrush 
cdkcted 2 yean aad incubated at 10.20, and Jo” C in a gradknt of amotk potentkk. 

YC%Ib Temperature (O C) Regression equation R* 

1979 
1979 
1979 

1980 
1980 
1980 

1979 
1979 
1979 

1980 
1980 
1980 

1979 
1979 
1979 

1980 
1980 
1980 

1979 
1979 
1979 

1980 
1980 
1980 

10 
20 
30 

iti 
30 

10 
20 
30 

10 

E 

10 
20 
30 

10 
20 
30 

Green rubber rabbitbrush 

Total germination (%) 
Y = 40.1 + 54.3X + 17.5X2 
Y q  45.5 + 32.5X 
Y=59.6- 109.4X-264.7X*- 111.1X’ 

a’ 

Y = 29.6 + 70.8X + 41.7X* 
Y = 73.8 + 77.8X + 18.7X* 
Y q  74.5 - ii 1.5X - 363.5X* - 182.1X’ 

Germination rate (A day-‘) 
Y = il.3 +9.4x 
Y = 18.4 + 12.4X 
Y = 28.5 + 43.0X + 30.8X* + 9.9X’ 

b 

a Ad 
A 

b 

0.77 
0.85 
0.84 

0.91 
0.92 
0.97 

c B 
d B 
e 

Y q  11.7+ 12.9X c c 
Y = 20.4 + 13.2X d C 
Y q  33.7 + 75.9X + 87.6X* + 39.7X’ e 

0.76 
0.91 
0.97 

0.88 
0.88 
0.95 

Gray rubber rabbitbrush 

Total germination (%) 
Y = 23.7 + 26.0X 
Y = 63.2 + 44.5X 
Y = 23.5 - 205.7X - 432.5X* -203.7X’ 

Y = 16.4 + 17.0X 
Y = 70.9 +48.1x 
Y = 75.1 - 60.7X - 287.3X* - 154.3X’ 

Germination rate ($ day-‘) 
Y = 7.5 + 7.1x 
Y = 15.1 I +9.6X 
Y = 27.9 + 30.7X + 6.6X* 

0.78 
0.88 
0.75 

0.52 
0.83 
0.92 

a A 0.76 
b A 0.92 
C 0.90 

Y = 7.9 + 8.6X a B 0.68 
Y = 16.4 + 11.2X b B 0.92 
Y = 32.0 + 43.8X + 14.8X* C 0.95 

‘Y is total prmiaation or germination rate; X is osmotic potential. 
bindicates P year of seed colkction. 
‘a similar lower case letter within subspeck indicates no signiticamt diffcrcnce (EO.05) in rqression cocCieats among years within tempemtura and parameters. 
% similar upper case letter within subspecies indiites no signifwant diicrencc (PSO.05) in regression cocffkients between temperatures within yeam and parametera. 
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tion rate was affected by the interactions of temperature and 
osmotic potential and year and osmotic potential (Table 1). Regres- 
sion coefficients for relationships between total germination and 
germination rate and osmotic potential were similar within 
temperatures and across years (Table 1 and Fig. 2). However, 
reduction in total germination as osmotic potential decreased was 
significantly different (KO.05) between temperatures. Reduction 
in rate of germination as osmotic potentials declined was similar 
within temperatures across years; within years the response at 30 
C was distinct from 10 and 200 C. 

Seedling Emergence and Establishment in the Field 
Precipitation received in 1978, 1979, and 1980 was reflected in 

emergence and survival of both shrubs (Table 2). Growing season 

Tebk 2. Mean percent emergence in the year of seeding green and gray 
rubber rebbltbrusb in 1978,1979, and 1980 and rurvivel of the seed- 
linga at Coktdp, Montana. 

Year Seeding date’ 

Emergence in Survival in 
year of seeding 1981 

(%) (%) 

1978 
1978 
1979 
1979 
1979 
1980 

Green rubber rabbitbrush 
MS2 2.8 br 
F’ 6.9 a 
ES’ 0.9 bc 
MS 0.9 bc 
F 0.0 c 
ES 0.0 c 

Gray rubber rabbitbrush 

55.0 a 
11.5 b 
6.6 b 

55.0 a 
0.0 b 
0.0 b 

1978 MS 
1978 F 
1979 ES 
1979 MS 
1979 F 
1980 ES 

50~ text for seeding dates. 
*MS indicates mid-spring seeding. 
JF indic$cs fall seed@. 
*ES indcatcs early sprmg seeding. 

2.0 b 
2.3 b 
7.1 a 
0.9 b 
0.2 b 
0.0 b 

22.6 b 
60.0 a 
22.0 b 

5.0 b 
0.0 b 
0.0 b 

%I similar letter wthm a subspecies and parameter indicates no significant difference 
(pIo.05) between seeding dates using Tukey’s W-procedure. 

precipitation received in 1978 and 1979 was among the highest and 
lowest, respectively, on record for Colstrip, Montana. From April 
through June 1978, 287 mm of precipitation were received, 59% 
higher than the longterm mean. Conversely, during the same 
period in 1979 and 1980, precipitation totaled 80 mm and 109 mm, 
55% and 39% lower than the longterm mean, respectively. Carry- 
over effects of the above-average precipitation in 1978 and low 
precipitation in 1979 and 1980 were presumably mirrored in declin- 
ing emergence and survival in 1979 and 1980 as compared to 1978. 

Emergence of green rubber rabbitbrush ranged from 0 to 6.9% 
and survival of these seedlings from 6.6 to 55% (Table 2). Although 
emergence was inconsistent among seeding dates, survival was 
significantly (m.05) higher from mid-spring seedings than from 
sowings in early spring and fall. There was no clear trend estab- 
lished in the most favorable time for emergence and survival of 
gray rubber rabbitbrush (Table 2). Emergence ranged from 0 to 
7.1% and survival of these seedlings ranged from 0 to 60%. 

Discussion 
Green and gray rubber rabbitbrush germinated over a broad 

range of temperatures but a narrow range of water stress. When 
germination under water stress is considered in the context of total 
and rate, results of this study indicate that temperatures between 20 
and 30” C were near optimal, At 10 and 20’ C total germination 
and germination rate declined as water stress increased. Although 
total germination at 300 C was higher at low levels of water stress 
relative to the control, germination rate subsequently declined as 
water stress increased. Interacting effects of temperature and water 

stress on germination have also been shown for other shrubs with 
germination under water stress highest at optimal temperatures 
(Weldon et al. 1959, Springfield 1968, Romo and Eddleman 1985). 

Eddleman (1977) concluded that temperatures higher than 20° C 
appeared optimal for germination of these shrubs; germination 
was reduced and slower at lower temperatures. Similarly, Sabo et 
al. (1979) reported germination was best at warm temperatures for 
Chrysothamnusnauseosus (Pallas) B&t. subsp. consimilis (Greene) 
H.M. Hall and Chrysothamnus nauseosus (Pallas) Britt. subsp. 
bigelovii (Gray) H.M. Hall from New Mexico. Germination of C. 
nauseosus subsp. consimilis was highest at alternating tempera- 
tures between 13 and 27.5O C, and C. nauseosus subsp. bigelovii 
germinated best at alternating temperatures between 20.5 and 30° 
C. 

Results of the germination experiments and field plantings 
emphasize the importance of maintaining high levels of soil mois- 
ture for maximizing germination and emergence of green and gray 
rubber rabbitbrush. Their emergence and establishment were 
severely limited in dry years. A sharp contrast in establishment of 
several shrubs, grasses, and forbs in wet and dry years was also 
reported by Eddleman (1980). In the present study seedling popu- 
lations were limited in the field by low emergence and survival a 
characteristic also common to Chrysothamnus nauseosus (Pallas) 
Britt. subsp. albicaulis (Nutt.) Rydb. (Stevens et al. 1986). 

The present tests indicate that germination, emergence, and 
survival can be expected from any season of planting. However, to 
maximize germination of green and gray rubber rabbitbrush, seeds 
should probably be sown prior to times when seedbed tempera- 
tures are in the 20 to 30’ C range when soil moisture is expected 
near field capacity. On the northern Great Plains, April through 
June is the period with highest amount and the greatest probability 
of precipitation being received (Caprio et al. 1980). Generally June 
receives the most precipitation and July is the hottest month. 
Seedlings of rubber rabbitbrush are sensitive to frost and drought 
(Plummer et al. 1968) thus, the window for germination, emer- 
gence, and establishment may be limited by low spring tempera- 
tures and by summer drought. These relationships therefore sug- 
gest that seeds should be sown in May through early June to take 
advantage of favorable temperatures and soil moisture to maxim- 
ize germination and the period of growth for seedlings. 

Mackey and Depuit (1985) suggested that rabbitbrush has a 
broad ecological tolerance and should be considered for use in 
reclamation. Reclamation specialists have ready access to plant 
materials in green and gray rubber rabbitbrush since seeds of 
locally adapted ecotypes are available near most mines on the 
northern Great Plains and seeds can be easily collected. Rabbit- 
brush seeds also germinate well (Plummer et al. 1968, Eddleman 
1977, Sabo et al. 1979), and those collected in the fall can be sown 
the following year (Eddleman 1977). These shrubs should be con- 
sidered for use in reclaiming drastically disturbed land because of 
their rapid growth and reseeding characteristics, and because they 
may ameliorate moisture and temperature regimes and provide 
late season forage for wildlife. They are native species that can add 
to the structural and functional diversity on reclaimed land that is 
required by law. 
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