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VARIATIO IN GERMI ATION RESPONSE TO TEMPERATURE
AND WATER AVAILABILITY IN BLACKBRUSH (COLEOGYNE
RAMOSISSIMA) AND ITS ECOLOGICAL SIGNIFICANCE
Simon A. Lei l
AUSTllACr-Blackbrush (Couwgyne ramosissima Thrr.) is a dominant desert shrub in a distinct micl-elevational vege~

tation belt between creosote bush-bursage (Larrea tritkntata-Arnhrosia dumosa) shrubland below and big sagebrushpinyon pine-Utah juniper (Artemisia tridentatar-Pinw rnonophyUa-]uniperus osteosperma) woodland above in the Mojave
Desert. Seed germination patterns of blackbrush seeds collected from 2 elevations (1200 and 1550 m) in 5 mountain

ranges within the blackbrush shrublands were investigated. Morphological features of blackbrush seeds, including
weight, length, and width, were Dot significantly different (P > 0.05) among elevations and mountain ranges in the
Mojel.VC Desert Germination of blackbrush seeds was optimal when preceded hy a prechill period of 4--6 wk. Seeds
incubllted at room tempenlture germinated poorly. Seeds collected at warm, low-elevation sites appeared to be less doro
mant (required less prechill time), genninated faster, and showed a higher overaU germination response at low temperature relative to cold, high-elevation sites. Frequencies of watering also determined the gennination response; watering
at 2-wk intervals revealed the greatest germination. Some ecotypic variation among populations establishing at different
elevations was evident with regard to dormancy duration and germination response at certain constant temperatures.

Control and timing of the genoination process are the keys in survival of plant populations
whose principal mode of reproduction is from
seed (Harper 1977, Meyer et a1. 1989). The
selection pressure operating at this phase of
the life cycle must be strong, since only a tiny
fraction of seeds survive to maturity (Meyer et al.
1989). Investigations between population differences in germination strategy within black.
brush (Coleogyne ramosissima) are infrequent.
By holding aspects of life history and genetics
background more or less constant, genoination
strategy variation of blackbrush in relation to
temperature and moisture availability may be
more evident.
Blackbrush was selected as a representative
species for such a study because little attention has been focused on its genoination biology. Previous studies have been limited to relatively small geographical areas in southern
Utah and Nevada. A significant relationship
exists between collection site elevation and seed
genoination response at 5-15°C, with and without a short 2-wk chill (Pendleton and Meyer
1994, Pendleton et al. 1995). Germination of
bJackbrush seeds requires a cold stratification

(mOist-chilling) at 4°C without light (Bowns
1973, Bowns and West 1976). This phenomenon could be advantageous because seeds can
germinate from relalively deep in soils that
rodents leave behind in the cache (Bowns and
West 1976). Seeds collected from low-elevation sites are less dormant than seeds from
high-elevation sites in southern Utah and
Nevada (Pendleton et aI. 1995). The correlation between donoancy status and elevation of
collection site may indicate that blackbrush
has evolved ecotypes at the germination level
(Pendleton et a1. 1995).
The aim of this study was to discover the
existence of possible geographical and elevational ecotypes within blackbrush populations
that represent specific physiological adaptations to microenvironments in the various
mountain ranges across the Mojave Desert.
Seeds of 8 isolated populations of blackbrush
from 5 major mountain ranges with different
elevations were collected to examine variation
in germination response to different temperature conditions and watering frequencies. Seed
morphology among the 8 populations was also
measured.
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METHODS

Seed Collection Sites

Blackbrush seeds from 8 populations were
collected hy Dr. Burton Pendleton and his col-'
leagues in the Mojave Desert (Table 1) to determine germination strategies and requirements.
Seeds of 4 populations were collected within
the Spring Mountains ('lable 1). Blackhrush
often forms a well-defined, mid-clevational
band between creosote bush-bursage below
and big sagebrush-pinyon pine-Utah juniper
woodland ahove. Elevations of hlackbrush
sbrublands ranged from 1000 to 1850 m above
sea level. The vegetation of this community
was dominated by a closely spaced matrix of
low hlackbrush with a scattered distribution of
other woody taxa (Bowns 1973).
Seeds were obtained from Dr. Pendleton and
his colleagues of the Shrub Sciences Laboratory in Provo, Utah. They collected at 2 elevations (1200 and 1550 m) on 5 mountain ranges
in late June through July 1994 to represent an
elevational gradient covering a relatively small
geographical area. Major mountain ranges and
collection sites were selected on the basis of
full establishment of blackbrush shrublands
and seed availability, respectively. Flowering
of blackbrush generally occurred in May and
relied heavily on winter and spring precipitation. Anthcsis, occurring over a period of 1-2
wk, was not synchronous throughout the elevations of hlackhrush shrublands (Pendleton
1994). Seeds at bigher elevations generally had
a shorter flowering period and were freshly
collected in late June, whereas seeds at lower
elevations had a longer flowering period and
were freshly collected in July 1994 (Pendleton
personal communication 1994).
Germination Experiments
Approximately 9600 blackbrush seeds were
initially utilized in 3 different temperatures
and 3 different watering frequencies with all
possible combinations of these 2 treatments
under laboratory conditions. Some seeds werc
incuhated at 4' C, 14' C, and room temperature (24'C) without dry prechill, wbile others
were preceded by dry-chilling treatments at
2' C for 2, 4, and 6 wk prior to initiating germination experiments in a laboratory at the
UNLV campus. During experimental treatments blackbrush seeds were covered by 2
layers of moist filter papers in closed petri

TABLE

1. Location of blackblUsh seed collections on

8

major mountain ranges arranged alphabetically in southern
Utah, Nevada, and northwestern Arizona. Approximate
elevation of each collection site is shown. J:<bur blackbrllsh
populations were sampled within the Spring Mountains.
Collections were made at the full establishment of hlackbrush shrubJands and were utilized in the temperature
and moisture experiments.
Elevation of
collection site

Location

(m)
McCullough Range, NV
Mormon Range, UT
Sheep Range, NV
Spring Mountains, NV
Kyle Canyon
Lee Canyon
Mt. Potosi
Red Roek C<lnyon
Virgin Mountains, AZ

1200
1.5.50
1550
1.5.50
1.550
1200
1200
1200

dishes. Approximately 25 seeels were placed
on each culture, with 30 replicates in each of
the 6 major experimental conditions. Seeds
were incubated at room temperature (24°C),
as well as in a cool chamber (4'C and 14'C)
for 8 wk without light, but were briefly exposed
to soft-white fluorescent light as germinated
seeds were counted and recorded. Seeds from
8 populations were subjected to 3 different
water frequencies (every 3 and 2 wk, and once
a week with an amount of 5 ml), and to 4 dry
prechill periods (no chill, prechill at 2, 4, and
6 wk). The germination of each population was
observed within 2 wk of the initial experiments.
Germination percentages were recorded at
weekly intervals for 8 consecutive weeks, and
mean germination values were arcsine-trans
formed. Emergence of radicles was the criterion
for germination. MOITJhological features, such as
seed weight and dimensions, were also used to
discover variations among the 8 isolated blackbrush populations across the Mojave Desert.
R

Statistical Analysis
One-way analysis of variance (ANOVA), fOllowed by a Tukcy's multiple comparison test
(Analytical Software 1994), was used to detect
differences among seed morphological traits
from 8 isolated populations, and to compare
means of morphological traits from the 2 elevations and several geographical locations.
Multiple analysis of variance (MANOVA) was
employed to detect significant effects of elevation, temperature, and watering frequency on
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TAIlLE 2. Mean weight, length, and width with standard errors ofblackbntsh seeds collected from 8 mountain ranges
in southern Utah, Nevada, und northwestern Arizona (N =- 100 per population in each measurement). Mountain ranges
arc arranged alphabetically, und 4 blackbrush populations were from the Spring Mountains. Mean values followed by
the sumo letter within columns arc not significantly different at P < 0.05. Monntain ranges followed by asterisks imIicatc high-elevation sites.

Population
McCullough Range
Mormon Rangc*
Sheep Hange*
Spring Mountains, NV
Kyle Canyon'"
Lee Canyon*
Mt. Potosi
Hed Rock Canyon
Virgin Mountains

Width (mm)

Length (mm)

Weight

(mg)

Mean

,-,

Mean

s,

22
24

5.13a
5.18a
5.19a

0.17
0.12
0.17

3.68a
3.83a
3.79a

OJ]

5.17a
5.14a
f).l3a
".020
5.15a

0.19
0.16
0.16
0.15
0.18

3.82a
3.75a
3.69a
3.65a
3.78a

0.15

23
24
23
24

22
23

secd germination rate. Mean values of seed dimensions were presented with standard errors,
and significance was determined at P < 0.05.
RESULTS AND DISCUSSION

Seeds were collected from 8 isolated populations in southern Utah, Nevada, and extreme
northwestern Arizona (Table I). Morphological
characteristics of blackbrush seeds were not
significantly different (P > 0.05; Table 2) in
terms of weigbt, length, and width among the
8 populations across the Mojave Desert (Table
2). Germination experiments under laboratory
conditions showed various responses to 3 different temperature conditions and 3 watering
frequencies. All possible interactions (elevation,
temperature, and watering frequency) were signifIcant (P < 0.01) on germination rate. Germination of blackbrush seeds was significantly
greater (P < 0.05) incubating at 4"C (cold,
moist stratification) than incubating at 14 C
and 24" C without dry prechill and preceded
by 3 cbill periods (Table 3). Seeds from all
populations responded well to cold stratification, especially when they were preceded by
cbill treatments of 4 and 6 wk Cold stratification at 4"C without light is required for blackbrush seeds to break dormancy and genninate
(Bowns 1973, Bowns and West 1976). Radicle
protrusion was from the narrow, bent portion
of a seed (Bowns 1973). A cold stratification
requirement may function as an effective mechanism to prevent germination at a season when
prevailing conditions are unfavorable for seedling survival (Capon et at 1978). Seeds from
all populations that were incubated at room
0

0.12
0.16

0.13

O.ll
0.14
0.15

temperature, on the contrary, began to experience fungal growth approximately 2 wk from
the initial experiments with an exception of
the 6-wk dry preehill period (Table 5). Tbe fungi
became significantly more evident throughout
the cultures after 4 wk, and seed viability was
severely damaged. No seeds survived beyond
6 wk after the initial experimental treabnents
(lable 5).
Cold stratified seeds experiencing no dry
prechill yielded fairly low germination percentages from botb elevations, altbough seeds
from lower elevational sites tended to have
higher percentages (Table 3). Collections made
in different mountain ranges across the Mojave
Desert from the same elevations behaved similarly in germination pattern and response
(lables 3-5). However, seeds collected from
warmer, lower elevational sites (1200 m) had a
higher germination response after a chill as
short as 2 wk than those seeds collected from
colder, higher elevational sites (1550 m) at a
constant low temperature. My results support
the suggestion by Meyer and Pendleton (1990)
that germination patterns VaIy as a function of
climate and elevation within a species. Seeds
also respouded to a long cbill, but often yielded
a lower germination percentage.
Seeds collected from colder, higher elevational sites responded poorly to short chill, but
responded well to both intermediate (4 wk) and
long (6 wk) chill periods at 3 constant temperatures (Tables 3-5). Long chill was required
for complete removal of dormancy for seeds
found at bigh elevations (Meyer and Pendleton 1990). Seeds may break dormancy in early
spring after experiencing winter chill under
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TABLE 3. Mean germination response ofblackbrush seeds at 4·C without light and dry prechill, as well as preceded by
2, 4, and 6 wk of dry·chilling from 8 isolated populations. Seeds were subjected to 3 different watering frequencies (at l~.
2--, or 3-wk intervals). All mean germination values are expressed in percentages and were arcsine-transformed (N = 1000
per population per treatment). Mountain ranges followed
by different letters are significantly different at P < 0.05.

by asterisks indicate high-elevation sites.

Row values followed

Watering frequency per treatment

McCullough
Mormon'"
Sheep'"
Kyle Canyon*
Lee Canyon'"
Mt. Potosi

Red Rock
Virgin

4-wk chill

2.wkcbiU

No prechill

Population

6-wk chill

1

2

3

1

2

3

1

2

3

I

2

3

150
lOe
14f
8f
109
19£
22f
19f

29d
12e
18e
160
l4f

IS.
10e
12f
10f
13f
19£
199
IIg

29d
20d
23d
22d
21.
39d
35d
320

37c
40c
34c
34c
32d
48c
55c
47c

34cd
39c
31c
30cd
28de
34d
34d
41d

90b
82b
85b
85b
81c
86b
93b
91b

94.b
91ab
938b
92ab
92ab
89b
97a
93ab

92b
86b
87b
89b
88b
88b
94ab
93ab

97a
94.
96.
91ab
90b
95ab
95ab

98.
96a
97a
968

97a

25e

27e
18f

94a

99.

95a
94ab
97.
93.b
96ab

97.
95.

98a
96a

9&

TABLE 4. Mean germination response ofb1ackbrush seeds at 14°C without light and dry prechill, as well as preceded
by 2, 4, and 6 wk of dry-chiUing from 8 isolated populations. Seeds were subjected to 3 different watering frequencies
(at 1-, 2-, or 3-wk intervals). All mean germination values are expressed in percentages and were arcsine-transformed (N
= 1000 per population per treatment). Mountain ranges followed by asterisks indicate high-elevation sites. Row values
followed by different letters are significantly different at P < 0.05.
Watering frequency per treatment
Population

McCullough
Monnon*

Sheep Range*
Kyle Canyon*
Lee Canyon:to
Mt Potosi.

Red Rock
Vu-gin

2-wk cbil!

No prechill

4-wk chill

6-wk chill

1

2

3

1

2

3

1

2

3

1

2

3

Ig
Ig

Ig
4g
If
21
Ig
3g
3f
2g

Og
Og

1gef
12f
130
130
14f
21f
180
191

24e
22.
160
21d
21e

17f
l5f
130
17de
18el
22ef
22de
23ef

62d

72c
67c

69c

91b
86b
87b

97.
94a

88a

89.

89ab
86ab
84b
89b

930
92a

94.b
91ab
Wab
90a
89b
91a

Of

2f
Ig
3g
31
3g

Of
If

Ig
3g
3f
2g

26e
25d

27e

60d
56d
64c

64d

67d
71c
73d

65c

74b
700
7&
93b
79c

64cd

59cd
70bc
67ed
7lcd

77c
77ed

930

94a
95a

930
gla

TABLE 5. Mean germination response of blackbrush seeds at 24 ~C without light and dry prechill, as well as preceded
by 2. 4, and 6 wk of dry-cllilHng &om 8 isolated populations. Seeds were subjected to 3 di.fferent watering frequencies
(at 1., 2-, or 3-wk intervals). All mean germination values are expressed in percentages and were a.rcsine-transformed (N
= 1000 per population per treatment). Mountain ranges followed by asterisks indicate high-elevation sites. Row values
followed by different letters are significantly different at P < 0.05.
Watering frequency per treatment
Population

2-wk chill

No prechill

1

2

3

1

2

3

0.
0.
Oe
Of

0.

Ie

Ie

0.
0.

0.
Of
Of

0.

Red Rock

Ie

Virgin

0.

Ie
Oe

0.
0.
0.
Of
Of
0.
0.
0.

0.

Mormon·
Sheep·
Kyle Canyon*
Lee Canyon·
Mt. Potosi

0.
0.
0.
Of
Of
0.

McCullough

If
0.

Ie
20
Ie

6-wk chill

4-wk chill

Of

Of
11

Of
0.

Of
0.

Ie
Oe

De
0.

I

2

3

1

2

3

12d
15d
13e
160
12e
14d
19d
13d

16d
23c
18d
2Id
19d

21c

78b
85.
800
mb
700
84b
84ab
78b

84ab
78b
81b
7Sc

89a
81ab
BOb
860
76b
90a
78b
85.

ZOe

16cd

22c
17e
14e
18c

24c

25c

22c

21c

83a
85b

89a
87a
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natural field conditions (Meyer and Pendleton
1990). Although the results between 4- and 6wk periods of cold stratified seeds were not
significant, a slight variation in germination response is discernible (Table 3). Seed collections
from cold sites showed a general pattern of
slower initial germination after a short duration
of chill and often yielded lower overall germination percentages after 8 wk relative to seed
collections from warm sites during the cold
stratification experiments (1ables 3-5).
Blackbrush seeds usually germinated best
when water was applied at 2-wk intervals
regardless of elevational sites. Conversely,
watering at 1- and 3-wk intervals regardless of
temperature conditions generally showed a
signifIcant reduction (P < 0.05) in germination
percentages. Watering at 3-wk intervals reduced
the germination rate on the cultures. A certain
amount of watering must occur before seeds
will break dormancy, perhaps to remove chemical inhibitors (Walton 1969). 11' only small
amounts of chemicals are leached away by
insufficient moisture, the seed replenishes the
lost chemicals, and the dormancy period continues (Walton 1969). This phenomenon may
apply to seeds that are supplied with low
quantities and frequencies of water. Despite
the presence of fungi, the overall effect of fungi
on germination was significantly reduced when
seeds were incubated at a constant low temperature compared to a constant room temperature. Hence, not only was cold stratification
essential for seed germination, but the frequency and amount of watering were also vital
to promote a relatively high germination percentage.
Variation in germination response to 3 constant low temperatures among seed collections
at 2 elevations was detected at P < 0.05. Seeds
from all elevations responded positively to a 2wk chill, but the response of seeds from lowelevation sites was roughly twice that of seeds
collected at high-elevation sites (Pendleton et al.
1995), which generally corresponds with my
data. The general germination pattern is similar to patterns for many other desert shrubs
growing at high elevations in the Intermountain area (Meyer and Pendleton 1990). Variation
in populations within species may be related
to variation in climatic conditions at the seed
collection sites (Meyer and Pendleton 1990).
This phenomenon suggests a relatively strong
selection pressure for adaptive germination-

timing strategies in response to climate (Meyer
and Pendleton 1990).
Results suggest some ccotypic variation
among seed collections at different elevations
in the Mojave Desert. The idea of blackbrush
heing a paleocndemic species, showing little
genetic variability, and perhaps on tbe way to
extinction (Bowns 1973) was not completely
supported. Blackbrush populations are relictual
because they were probably once more widespread, and their current distribution represents a restriction in their range with time
(Bowns 1973). Nevertheless, blackbrush exhibited a variation in the germination rate at different elevations from a relatively small geographical area in southern Utah and Nevada
(Pendleton et al. 1995). This dif!erentiation in
germination response was also discovered
among the isolated populations in mountain
ranges across the Mojave Desert according to
my results. The upper and lower elevational
ecotypes were detected in terms of dormancy
duration and seed germination response at certain constant temperatures. Differences in germination rate would not result in a significant
species difference or a diflerence in the stand.
Evidence of packrat middens during the
Quaternary has revealed that the creosote
bush-blackbrush ecotone has undergone frequent migrations, moving up and down in elevation in response to climatic shifts (Phillips
and Van Devender 1974, Cole and Webb 1985,
Spaulding 1990, Pendleton et aJ. 1995). The
changing of gene pool to adapt to new ranges
with regard to climatic shifts has led to repeated
and successful migrations of blackbrush along
elevational and/or environmental gradients during the Quaternary period (Pendleton et aJ.
1995). For these reasons, blackbrusb may not be
regarded as a paleoendemic species. However,
my germination studies covered only a relatively small geographical range in the Mojave
Desert. Experiments and long-term investigations with various life stages of blaekbrush are
necessary to further discover the ecotypic and/
or genetic variability of blaekbrush across the
entire southwestern desert region.
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