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Seed Germination Characteristics of Two
Woody Legumes (Retama and Twisted Acacia) From South Texas
J.H. EVERITT

Abstract
The seed germination characteristics of retama (Purkinsoniu
aculeatu) and twisted acacia (Acacia schaffneri) were investigated
in relation to temperature and light regimes, substrate salinity, pH,
osmotic potential, seed age, and seedling emergence. Seed germination of both species is restricted by impermeable seed coats.
Soaking seeds of both species in concentrated sulfuric acid for 45
min increased germination. Retama seed germimtion was 287% at
continous temperatures of 15 to 39 C and at alternating temperatures of 10-20, 15-25, and 20-30°C, while twisted acacia seed
germination was 258% at constant temperatures of 15 to 30” C and
at alternating temperatures of 10-20, 15-25, and 20-30°C. Light
was not required for germination, and no dormancy mechanisms
were observed. Viability of twisted acacia and retama seeds was not
reduced after storage at room conditions for 2 years. Germination
and radicle length were sensitive to osmotic potentials of polyethylene glycol solutions of 0.4 MPa and no germination occurred at
1.4 MPa. Germination of both species was only mildly depressed in
aqueous solutions of 10 g/l NaCI; however, radicle elongation of
both species was reduced at 5 g/l NaCl and severely inhibited at 10
g/l NaCI. The osmotic potentials of the NaCl solutions had little
effect on germination, but they may have contributed to reduced
radicle growth. Percent germination and seedling radicle length of
both species were relatively tolerant of pH extreme. Twisted acacia
seedling emergence was highest when the seeds were left exposed
on the soil surface, whereas optimum retama seedling emergence
occurred when seeds were covered with 1 to 7 cm of soil.
The South Texas Plains support one of the most diverse and
difficult-to-manage brush problems in Texas. Among the diversity
of woody plants found in this area are numerous species of the
family Leguminosae. The genus Acacia is particularly prominent
with 9 species occurring in this area (Correll and Johnston 1970).
Twisted acacia, which spreads by seeds, is one of the most widespread Acacia species. It is a member of the mixed-brush complex
(Prosopis-Acacia)
and is highly adapted to both sandy loam and
clay loam soils. Although twisted acacia has some value as a deer
browse (Davis and Winkler 1968, Everitt and Drawe 1974), it can
cause a serious brush problem on rangeland when it rapidly reinfests areas following initial brush control efforts (Box and White
1969, Scifres 1980, Hamilton and Scifres 1982).
Retama is a woody legume that is commonly associated with
drainageways, lowland areas, and better upland sites of the South
Texas Plains and Coastal Prairies (Smith and Rechenthin 1964,
Scifres 1980). It is rarely eaten by wildlife or livestock, but it is
occasionally grown as an ornamental (Vines 1960). Retama is
considered a troublesome species, but it is less aggressive than
twisted acacia and does not usually create a severe brush problem.
Author is rangescientis!,USDA, Agricultural Research Service, We&co, Texas
78596. This study is a contribution
from Remote Sensing Research, Southern Region,
USDA Agricultural Research Service, Weslaco, Texas.
I thank Mario Alaniz and Fernando Martinez, Jr. for their help.
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There is a dearth of information on the reproductive potential of
twisted acacia and retama. My objective in this study was to
investigate the germination characteristics of twisted acacia and
retama seeds in the laboratory to certain environmental factors
encountered in the seedbed.
Materials

and Methods

Retama seeds were randomly collected in August 1979 from
several plant populations growing on a tight sandy loam range site
(Aquic Paleustalfs) near Weslaco, Hidalgo County, Texas.
Twisted acacia seeds were randomly collected from a sandy loam
range site (Uridic Ustochrepts) near La Joya in Hidalgo County in
November 1979. Only fully developed, undamaged seeds were used
for germination experiments. The seeds were stored in cloth bags at
room conditions (20 to 2FC, and 50 to 75% relative humidity).
Most experiments were conducted when the seeds were less than 1
year old.
All experiments were conducted in small growth chambers with
automatic temperature and fluorescent light (200 uE/mz/s) controls. Unless otherwise stated or unless temperature was an
intended variable, experiments with retama were conducted at a
constant temperature of 25OC, while twisted acacia experiments
were conducted at a constant temperature of 20°C (median
temperature where optimum germination occurred). An 8-hr light
period was used in these experiments. An experimental unit was 10
seeds in a 15-cm petri dish that had 2 filter papers wetted with 20 ml
of distilled water or an appropriate test solution. Experiments were
designed as randomized complete blocks unless otherwise stated.
Treatments were replicated 10 times, and each experiment was
conducted twice. Seeds with 2-mm long radicles were considered as
being germinated. The number of germinated seeds was recorded
14 days after the initiation of each experiment. Radicle lengths
were recorded in selected experiments.
Pilot experiments on the seed germination of both retama and
twisted acacia showed a low percent germination because of hard
seed coats. Therefore, seeds were scarified by soaking in concentrated sulfuric acid (H&Sod) for various time periods and tested for
germination at a constant temperature of 300 C. The seeds were
acid-soaked for 0, 15, 30, 45, 60, and 75 min. Later studies were
conducted for both species using seeds scarified for 45 min.
Seeds of both species were germinated under constant temperatures in 5’C increments from 5 to 4oOC (8-hr light period, 16 hr
darkness) and alternating temperature regimes of 5-15, 10-20,
15-25, and 20-300 C (16-hr low temperature in darkness, 8-hr high
temperature with light). The petri dishes were randomized for each
species at each temperature regime.
The effects of simulated moisture stress on seed germination
were conducted at 20 and 25OC for twisted acacia and retama,
respectively, using aqueous (distilled water) solutions of polyethylene glycol (PEG) 6000. The solutions were mixed after Michel and
Kaufman (1973) to exert osmotic potentials of 0.2,0.4,0.6,0.8, 1,O,
411

1.2, and 1.4 M Pa ( I M Pa= 10 bars). Distilled water was used for a
control. The pH of these PEG solutions was 6.8. The petri dishes
were placed on moist towels to help offset evaporation losses.
Salt tolerance of seed was evaluated with aqueous (distilled
water) solutions of NaCl at concentrations 0, .25, 5, .75, I, 2.5, 5,
and IO g/ I as the germination media. The substrate’s pH influence
on germination was investigated by adjusting the pH of distilled
water with HCI and KOH (Mayeux and Scifres 1978). Percent
germination was evaluated with pH substrate values of 2,3,4,5,6,
7, 8, 9, I I, and 12.
The effect of age on viability of retama and twisted acacia seeds
was investigated by comparing germinations at I, 6, 12, IS, and 24
months after seed collection. Light requirement for seed germination was investigated by comparing the percent germination in
petri dishes covered with aluminum foil with the percent germination in uncovered dishes.
The seed planting depth effects on retama and twisted acacia
seed germination was studied in the greenhouse. Ten seeds of each
species were planted in soil in large pots (I6 cm diameter X 16 cm
height). A potting mixture was used to prevent crusting. It had 3
parts sandy loam:one part peat moss:one part perlite. Seeds of
both species were placed on the soil surface and also covered to
depths of I, 2,4,5, and 7 cm. Seedling emergence and height were
recorded after 60 days.
Percenta e germination and emergence data were transformed
(Arcsin p1% ) before statistical analyses. Data were pooled from
the two studies conducted on each experiment prior to statistical
analyses. Data were subjected to the analysis of variance and
Student’s t-test. An LSD was calculated in selected experiments
(Steel and Torrie 1960). All statistical comparisons were made at
p=o.o5.

among the three soaking periods. Twisted acacia seeds soaked for
45 min in HzS04 had a higher germination percentage than those
soaked for 30 min. Soaking twisted acacia seeds for 60 and 75 min
did not improve the germination percentage over those soaked for
45 min. About 5% of the retama seeds and 25% of the twisted
acacia had insect punctures or other imperfections and were not
used in the germination trials. However, these factors may enhance
imbibition and germination in nature.
Retama and twisted acacia seeds do not have specific temperature requirements for germination. Both species had similar germination patterns over a wide range of constant and alternating
temperatures (Fig. 2). Retama seed germination was 187% at
constant temperatures of I5 to 35” C and at alternating temperatures of 10-20, 15-25, and 20-3oOC while twisted acacia seed
germination was158% at constant temperatures of I5 to 30”Cand
at alternating temperatures of 10-20, 15-25, and 20-30” C. Germination of both species either decreased abruptly or ceased at
temperature extremes, but apparently retama seeds can germinate
under higher temperatures than twisted acacia seeds. The temperature requirements for retama and twisted acacia seed germination
are similar to those reported for other woody species from southern Texas (Everitt 1983).

Results and Discussion
Retama and twisted acacia seeds are disseminated with hard
seed coats that do not readily imbibe moisture (Fig. I). After I4
days only 1% of the nontreated retama seeds germinated, whereas
5% of the nontreated twisted acacia seeds germinated. Hard seeds
are common in several other woody legume species from south
Texas (Scifres 1974, Alaniz and Everitt 1978, Everitt 1983). Soaking seeds of both species in concentrated HeSO for 15 min
increased germination as compared with that of nontreated seeds,
and soaking seeds for 30 min increased germination as compared
with that of seeds soaked for I5 min. Retama seeds soaked for 45,
60, and 75 min had higher germination than those soaked for 30
min; however, germination percentages did not differ greatly

0
CoNsrm

TEMPRBA-(Cl

ALT5tNATlNG
TsHPmAm

(C)

Fig. 2. Average germination percentage of retama (A) and tiwsted acacia

(B) seeds after I4 days exposure to 12 constant and alternating temperature regimes.

SOARING TMt,
Fig. 1. Percentage germination

minutea

14 days after soaking retatna and twisted
acacia seeds in concentrated HzSO4.
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Both germination and radicle length of retama and twisted
acacia were sensitive to osmotic potentials of PEG solutions (Fig.
3). Percent germination of both species was suppressed at an
osmotic potential of 0.4 MPa and was progressively reduced by
increasing the osmotic potentials of the solutions. Germination of
both species was severely inhibited at 1.0 MPa, and none of the
seeds germinated at I .4 MPa. Radicle lengths of both retama and
twisted acacia had the same general trend as percent germination.
These data suggest that retama and twisted acacia seed germination depend on adequate water availability. Thus, species establishment may be best during periods of high soil wateravailability.
The highest rainfall in south Texas occurs in May and June, with
another peak in September (National Oceanic and Atmospheric
Administration 1974). Temperatures during these periods are generally mild and might also favor germination and seedling
establishment.
Retama and twisted acacia germination was not severely
affected in aqueous solutions of NaCl up to 10 g/I (Fig. 4). Percent
germination of retama seed was slightly reduced at 5 g/I NaCl and
further suppressed at IO g/l, but it remained greater than 80% in
the IO g/l solution. Twisted acacia seed germination was only
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slightly inhibited in the IOg/ I NaCl solution. Radicle elongation of
both species was more sensitive to salinity than percent germination. Radicle lengths of both species were suppressed by increasing
the NaCl concentration from 2.5 to 5 g/ 1. Both species had another
reduction in radicle length when salt concentration was increased
from 5 to 10 g/l. Soil salinity probably has little influence on the
seed germination and establishment of retama and twisted acacia.
Sodium chloride is the dominant salt in the saline soils of south
Texas, and salt concentration in the upper 30 cm of these soils is
usually lower than IO g/l (Fanning et al. 1965, Everitt et al. 1982).
Everitt et al. ( 1982) reported the electrical conductivity in the upper
30 cm of these soils ranged from 6.9 to 12.6 mmhos/cm (salt
concentration of 4.4 to 8.1 g/l).
Seed germination in saline soils is affected by both direct ion
effects and osmotic interference with imbibition (Uhvits 1946).
Richards (1954) presented the relationship between osmotic potential and concentrations of various salts. As described elsewhere
(Mayeux 1982). this information can be used in conjunction with
germination response to osmotic potentials of PEG solutions to
determine if the osmotic potentials of the salt solutions had any
effect on seed germination and seedling vigor of retama and twisted
acacia. Percent germination and seedling radicle lengths of retama
and twisted acacia in IO g/I concentrations of NaCl were 8 1% and
5.2 mm, and 55% and 7.5 mm, respectively (Fig. 4). The osmotic
potentials of these solutions is about 0.6 MPa. Percent germination and seedling radicle lengths of retama and twisted acacia in
PEG solutions of 0.6 MPa were 49%and 7.2 mm, and 23%and 5.5
mm, respectively (Fig. 3). Based on this comparison, the osmotic
potentials of the NaCl solutions had little effect on germination of
these species. However, seedling radicle length of the 2 species were
similar for the 2 solutions. Whether the similarity in radicle lengths
is the result of the osmotic potential of the NaCl solutions or direct
ion effects is confounded.
Retama and twisted acacia seeds germinated uniformly over a
broad range of pH values (data not shown). Retama seed germination was 93% at pH values ranging from pH 3 to 1I while twisted
acacia seed germination was 167% at these same values. Ciermination in both species was suppressed at pH I2 (37 and 50% germination for twisted acacia and retama, respectively), and germination
essentially stopped for both species at pH 2. Radicle lengths of
retama and twisted acacia seedlings followed similar trends to
germination, but were more sensitive to less extreme pH conditions. Optimum radicle length of twisted acacia seedlings occurred
at pH 7. Soil pH may not be an important factor to determine
retama and twisted acacia distribution, since both species germinated over a wide range of pH values. These findings agree with
those reported for numerous other troublesome species of woody
plants from southern Texas (Scifres 1974; Mayeux and Scifres
1978; Everitt 1983).
Retama seedling emergence is apparently favored by seed covering. The percent emergence for retama seeds left exposed on the
soil surface was lower than for seeds covered with soil at depths
ranging from 1 to 7 cm (Fig. 5). Seedling emergence was only
mildly depressed at a planting depth of 7 cm as compared with the I
to 5 cm planting depths. Seed planting depths from 0 to 7 cm had
little effect on retama seedling height. Twisted acacia emergence
from seeds left exposed on the soil surface was higher than for seeds
planted at depths ranging from I to 7 cm. In general, twisted
acacia’s percent emergence and seedling height were reduced by
increased seed planting depth. These findings agree with those
reported for other species of Acacia from south Texas (Everitt
1983).
Evidently, light exposure was not the factor that partially inhibited surface-sown retama seed germination. In a separate experiment, the percentage of retama and twisted acacia seeds
germinated in light did not differ from those germinated in darkness (data not shown). However, seedlings germinated in darkness
had unfolded cotyledons in contrast to fully expanded cotyledons
for seedlings germinated in light. This agrees with reports for
several other species of woody plants from southern Texas (Scifres
413
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1974, Whisenant and Ueckert 198 I, Everitt 1983), and supports the
findings of Mayer and Poljakoff-Mayber (1975), that large seeds
do not require light for germination.
A comparison of seed germination of both species about I
month after collection with germination after storage for 6, 12, 18,
and 24 months showed no changes in viability (data not shown).

Conclusions
Retama and twisted acacia seed germination characteristics are
similar. Both species are disseminated with hard seeds that inhibit
water imbibition. Thus, seeds probably may not germinate readily
in nature until the seed coats are made permeable by insects,
vertebrate seed eaters, or weathering. Under laboratory conditions, germination of both species was promoted by soaking seeds
in concentrated HzS04 acid from 45 to 75 min. Germination in
both species was favored by mild temperatures. Retama and
twisted acacia seed germination was not severely inhibited by high
NaCl levels or pH extremes; however, radicle length was slightly
restricted by these conditions. The osmotic potentials of the NaCl
solutions had little effect on germination of either species, but they

414

may have suppressed radicle length. Both species appeared to be
very sensitive to osmotic potentials of PEG solutions, indicating
that adequate soil moisture is probably essential for seed germination and seedling establishment. No after-ripening or seed dormancy mechanisms were observed for either species. Data
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Response of Soft Chess (Bromus moZZis)and
Slender Oat (Arena barbata) to Simulated
Drought Cycles
ANNE L. EWING AND JOHN W. MENKE

Abstract
Herbage production in the California annual grassland has been
correlated with seasonal weather, particularly fall and spring rainfall patterns. To further examine the relationship between herbage
production and rainfall pattern, 3 soil water regimes (-1, -7, -15
bars) simulating expected rainfall and drought events in annual
rangelands were applied in seminatural annual grassland communities. Soft chess (Bromus mollis) tillers grew longest under the -7
bar water regime treatments while total plant growth was greatest
under the -1 bar treatment. Tiller length and total growth of
slender oat (Avenu burbata) were greatest under the -1 bar tredment. Vegetative growth of slender oat was less sensitive to seasonlong soil water regimes than soft chess. The two species required
different soil water conditions for maximum spring growth; soft
chess put on spring growth most rapidly in the -7 bar treatment
while slender oat grew fastest in the -1 bar treatment. Periodic
water stress during the growing season did not reduce spring
herbage production. Maximum growth and herbage production
occurred only when soil water was available after March 15. Withholding water after March 15 reduced herbage production by 46%.

Annual range species dominate open grassland and woodland
understory on about 10 million hectares in California. Forage
production and botanical composition of the forage vary annually
because the herbaceous vegetation begins each growing Season as
seedlings.
Researchers have long attributed variation in range productivity
to seasonal weather conditions. Talbot and Biswell (1942) concluded that climatic factors were the main cause for yearly fluctuations in forage yield at the San Joaquin Experimental Range in the
southern Sierra foothills. Murphy (1970) found a significant correlation between yield and early growing-season rainfall at the
Hopland Field Station in northern coastal California, but Duncan
and Woodmansee (1975) failed to find any seasonal correlations at
the San Joaquin Experimental Range. Pitt and Heady (1978)
concluded that warm fall and spring temperatures coupled with
adequate fall and spring precipitation at Hopland resulted in the
greatest yield, but it is yet to be determined whether such empirical
models can explain annual differences in productivity on drier
inland annual rangelands such as the San Joaquin Experimental
Range.
Peak standing crop increases with increasing average annual
rainfall along a south-north rainfall gradient of 125 to 2,000 mm
per year (Bartolome 1980). Annual rangeland at the Sierra Foothill
Range Field Station in the central Sierra foothills produces 2,000
to 2,700 kg/ ha/yr if soil water is limiting in April or May and
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State University, Stillwater 74078 and associate professor. Department of Agronomy
and Range Science. University of California, Davis 95616. The authors thank Dr.
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thereafter, but produces 2,800 to 4,600 kg/ ha/ yr if soil water is
available until June or July (Evans et al. 1975).
Drought and rainfall pattern are undoubtedly controlling factors for herbage production in California annual grasslands, but
mechanistic studies of the responses of annual species to soil water
conditions are. nearly lacking. In a greenhouse pot study, Gerakis et
al. (1975) showed that subterranean clover (Tr~~ooliumsubterruneum L.) is more drought tolerant than either soft chess (Bromus
mollis) or redstem filaree (Erodium botrys). We examined plant
growth parameters as they were affected by different soil water
regimes designed to simulate winter and spring drought events in
California annual grasslands.
Methods
Small annual grassland communities were established (14 September 1978) in Albany, Calif., using methods described by Ewing
and Menke (1982). The experimental set-up completely excluded
natural inputs of water so that soil water conditions were controlled by manual water applications.
Three water regime treatments (Stanhill 1950) were applied
beginning 29 October 1978, to randomly selected plots in4 replications. Soil matric potential was measured 3 times a week and water
was added to bring the soil to field capacity each time gypsum
blocks indicated an average, - I, -7, or - 15 bar matric potential at
the 20 cm depth, for the 3 treatments respectively. Treatments
closely simulated different soil drying conditions recorded in the
field by Evans et al. (1975). After 15 March 1979, 2 of the 4
replicates for each treatment were allowed to dry, simulating an
early end of the winter rainy season and an early beginning of
summer drought. The remaining 2 replicates (controls) continued
under the original treatments until 19 May 1979.
On I 1 November 1978,5 plants each of soft chess and slender oat
(Avena barbuta) were marked in each plot. Weekly tiller counts
and tiller length measurements were recorded for each marked
plant until 12 May 1979. Tiller length was measured from the
ground to the tallest green plant part. Herbage, including legume
and non-legume components, was clipped and oven dried on 14
June 1979 to estimate total standing crop for each plot.
Significant differences are indicated when sample means, by a
pair-wise t-test, have less than a 5% probability of being equal
(p<.OS); highly significant differences occur when p<.O I.
Results
Average Tiller Length
Average tiller length per plant plotted over the growing season
gave a typical growth curve for soft chess and slender oat (Figure
I). After rains in September, seeds germinated and the young
plants began to grow. A period of little growth occurred in
December and January, during which average tiller lengthactually
decreased because young leaves died back. Growth began again in
February, after which tiller length rapidly increased.
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between the - 1 and - I5 bar treatments. Though total growth of soft
chess plants was greatest in the -1 bar treatment, the -7 bar
treatment resulted in the fastest spring growth. Linear regression
showed that growth over the period I7 March through 12 May was
more rapid under the -7 bar treatment. Slow but continuous
growth of slender oat occurred between 1I November and 15
March, and growth was probably favored by the -1 bar treatment.
After I5 March, a characteristic reduction in slender oat total tiller
length followed by a resumption of growth occurred in all treatments. Final mean total tiller lengths for slender oat (12 May)
differed significantly between the -1 and -15 bar treatments.
Extended spring drought caused reductions in growth, prema-

Initially, average tiller length of soft chess plants was similar
regardless of treatment (Fig. I). Visual separation of the curves
began about 3 March, but statistically significant separation did
not occur until mid-April. Final mean values (12 May) differed
significantly between the -I and -7 bar treatments. Average tiller
length of plants growing in the -7 bar treatment was highly significantly different from that of plants growing in the -15 bar treatment. Maximum height growth was achieved by soft chess plants
under the -7 bar water regime. Average slender oat tiller length
over the growing season was nearly equal in all treatments; significant differences in length among the three treatments never
occurred. Slender oat was less sensitive to soil matric potential
than soft chess and showed less growth reduction under the same
treatments.
Soft chess plants not receiving water after 15 March grew minimally and senesced prematurely compared to plants receiving
water (Fig. 2). Dramatic differences in soft chess tiller lengths were
found between watered and dried-early plants in the*-7 bar treatment. In the -15 bar treatment, watered soft chess plants did not
achieve much more tiller growth than the unwatered plants, but
they remained green and turgid. Slender oat tiller growth reductions after simulated spring drought occurred in all treatments, but
the growth loss was greatest under the -1 bar regime. Soil water
availability during spring months was necessary to achieve maximum tiller growth in both species. While slender oat was fairly
insensitive to short winter and spring drought periods, it was
extremely sensitive to an extended spring drought.
Total Tiller Length

During fall and most of the winter, there was no difference in
total tiller length of soft chess plants growing under the three soil
water regime treatments (Fig. 3). Curve separation began around 3
March but statistically significant differences did not occur until
April. Final mean total tiller lengths (12 May) differed significantly
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Fig. 4. Total tiller lengths of sofr chess (Bromus mollis) and slender oat
(Avena barbata)p/anrs growing in 3 soil water regime rreatments (-1. -7,
-15 bars) season-long

versus simulared

drought

afrer March 15.

ture senescence, and an immediate decline in total tiller length of
soft chess and slender oat plants (Fig. 4).
Tiller Number
Soft chess plants developed, on the average, between I and 4
tillers during the growing season and exhibited a limited tendency
to tiller during the winter months (Fig. 5). A significant increase in
tiller number occurred under the -1 bar treatment between 3 and 3 1
March. Plants had between 1 and 2 reproductive tillers on 12 May,
with no significant differences between treatments. Slender oat
exhibited a distinct tillering pattern, and in all treatments extensive

tillering occurred between II November and 13 January. Maximum tillering was reached about 13 January, after which tiller
number stabilized for 8 to IO weeks. Just about the time rapid
strong growth commended, tiller number declined as majority of
the tillers senesced. This partially explains the drop in total tiller
length shown in Figure 3. On 12 May, only reproductive tillers
remained green, and plants had 3 to 5 reproductive tillers with no
significant differences due to treatment. Slender oat plants grew
similarly in separate pot trials when sunlight reached all tillers, so
shading out of smaller and shorter tillers did not cause tiller
senescence. Nor was tiller senescence a treatment effect since plants
in all treatments showed the same response.
Soft chess and slender oat plants which experienced early cessation of the watering treatments senesced prematurely, some before
the boot stage (Fig. 6). Tiller number declined rapidly after 15
March when artificial watering was stopped. The -I bar treatment
for both species showed the greatest difference after simulated
early spring drought. Less difference was found for the drier treatments, especially the -7 bar and -15 bar treatments for soft ches
and the -15 bar treatment for slender oat.
Phenology
Over the growing season, there were no apparent differences in
development or phenology as a result of the soil water regime
treatments. Individual plants flowered and matured at approximately the same time regardless of water regime. Plants which
experienced early cessation of the watering treatments did not
show a different course or rate of development, they merely dried
before maturity.
Herbage Production
Standing crop at the end of the growing season was not significantly affected by the - 1, -7, and - 15 bar soil water regimes during
the growing season (Table I). Total production was probably
greater relative to other treatments when plants experienced mild
and periodic drying cycles during winter as simulated by the -7 bar
treatment. Legume herbage production was greatest in the -7 bar
treatment receiving water through the spring and the non-legume
component was fairly constant regardless of treatment. A significant decrease in standing crop was attributable to the prolonged
spring drought. On the average, a lack of available soil water after
I5 March reduced total herbage production by 46%. Early depletion of soil water sharply reduced herbage production in both
legume and non-legume herbage components, but variation was
such that only the non-legume component showed a statistically
significant response.
Discussion
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Table 1. Herbage pfoduction under 3 soil water regimes with differencesin
the beginning of summer drought.
Herbage production (g/m2)
Legume

Non-legume

Total

Controls (dried late; 19 May)
-I bar
-7 bars
-15 bars
Mean

I97 aI
478 a
256 a
311 a

844 a
922 a
819 a
861 a

1041 a
1400 a
1075 a
ll72a

Simulated spring drought
(dried early; I5 March)
-I bar
-7 bars
-15 bars
Meal-l

64a
IOOa
I4 a
58 a

514 a
653 a
547 a
572 b

578 a
753 a
561 a
630 b

Soil water regime

‘Means

in a column

drought

conditions

within
followed

one of 3 soil water
by the same

potentials

letterare not

or means of control

significantly

versus

different at the 5%

level.

of species and individual plant responses. Measurement of individual behavior is helpful, if not essential, in drawing
conclusions about the community response. Soft chessand slender
oat behaved differently under the same environmental conditions.
Soft chess grew taller and more rapidly in spring under the moderate (-7 bar) soil matric potential treatment compared to the wettest
and dryest treatments. Slender oat grew to maximum height under
the wettest (-1 bar) soil matric potential treatment, yet grew nearly
as tall with periodic drought stress.
The differences in plant growth among treatment conditions
were greater for soft chess than slender oat, soft chess being more
sensitive to variable soil water conditions. Soft chess grew fastest in
spring under the -7 bar treatment, and an average or moderate
rainfall year may favor establishment and growth of soft chess ina
mixed stand. Hull and Muller (1976) reported findings in Santa
Barbara County which relate to the competitive ability of soft chess
under different rainfall conditions. Plant number and yield of soft
chess increased in an average rainfall year while wild oat (Avena
~iruu) did not vary as much in plant number or yield between years.
Slender oat grew to near maximum plant height under all soil
water regimes. Evans et al. (1975) found that soil water potential
rarely drops below -10 bars at the Sierra Foothill Range Field
Station. Slender oat growing in areas receiving similar rainfall is
rarely subjected to limited soil water conditions, so restriction of
slender oat to the wetter sites in California (Bartolome et al. 1980)
may be related to germination requirements or other environmental conditions. Slender oat, once germinated, is a very drought
tolerant species (Ewing 198 I).
Mild drought during the growing season reduced individual
plant growth or stimulated it, depending on the species. Because
different species have different growth optima, total herbage production was not reduced by short drought periods during the
growing season. Plant growth and herbage production were
limited severely by a simulated end of the rainy season after 15
is a function

March; individual plants dried while still in the boot stage. Maximum herbage yield was most dependent on soil water availability
after 15 March. Standing crop from plots under the dried late (19
May) treatments weighed 86% more than standing crop from plots
dried after 15 March.
Evans et al. (1975) and Pitt and Heady (1978) demonstrated that
the maximum herbage production requires available soil water in
the spring. The claim by Murphy (1970) that forage production is
predictable from November rainfall needs qualification. Our data
show that maximum June production depends upon spring soil
water availability. Soils which aredeepand/or
highin clay content
are most likely to produce high yields of annual forage because
water is stored and available to plants late in the spring. Shallow
soils with limited water holding capacity make forage prediction
based on rainfall difficult. Differences in soil types may explain
partially the different results of Murphy (1970) and Duncan and
Woodmansee (1975).
Tiller@ in Slender Oat
Slender oat tillers extensively during the growing season but
only a few of those tillers set seed. The purpose of non-reproductive

tillers which senesce before the rest of the plant is unknown.
Perhaps it as an adaptation to grazing or mechanism to store
photosynthate, minerals and water which are essential to rapid
spring growth.
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Desert Saltgrass
Seedbed Ecology

Seed Germination

and

G.J. CLUFF, R.A. EVANS, AND J.A. YOUNG

Abstract
Desert saltgrass [Distichlis spicata var. strictu (Torr.) Beetle] is
an important forage species of the saline-alkali basins of the western United States. Revegetation of disturbed sites using saltgrass
currently involves the use of rhizomes, but seeding saltgrass with
conventional equipment would be much more efftcient. The seed
and seedbed ecology of desert saltgrass is important to land managers who wish to try new revegetation techniques. The germination of nine collections of saltgrass seed was determined at a wide
range of constant and alternating temperatures. The effects of
decreasing osmotic potentials on seed germination of one collection was determined using polyethylene glycol and sodium chloride solutions. Seedbed temperatures and moisture potentials were
determined during the growing season in two saltgrassstands using
thermocouple temperature probes and psychrometers. The
temperature regime that produced the highest mean germination
(58%) for all nine collections was 10°C for 16 hours alternating
with 40°C for 8 hours (10/4oOC). Germination response varied
significantly (eO.01) between collections. The best germination
was 96% with one collection at the lO/SoOC regime, but most
collections germinated best with the lo/400 C regime. For all collections, at least a 20°C diurnal fluctuation in temperature was
needed for germination above 10%. Seeds did not germinate at
temperatures as cold as -5OC or as hot as 60” C. Saltgrass germination was enhanced at osmotic potentials of -1 bar, but inhibited by
potentials lower than -1 bar. No significant (eO.01) germination
occurred at -15 bars. Field seedbed temperatures reached optimum levels for germination after moisture potentials were below
that required for germination. This suggests that saltgrass seed
germination is an episodic event in nature, occurring only when
moisture events coincide with optimum seedbed temperatures and
can leach sufficient salts to raise moisture potentials above -15
bars.
Desert saltgrass [Distichlis spicurn var. stricta (Torr.) Beetle] is
an important forage species that can grow vigorously on wet, saline
soils where most others will not survive (Nielson 1956). In many of
the salt marsh areas of the interior United States, saltgrass provides
the sole forage for cattle during the summer portion of the grazing
season. Saltgrass is relatively high in protein (Hansen et al. 1976)
and highly resistant to excessive grazing. Desert saltgrass is a
potential species for revegetating mine spoils and roadsides in the
semiarid west (Pavlicek et al. 1977).
Large, isolated areas of saltgrass occur in many places throughout the western United States, but seed is produced in very few of
these areas. This may be because saltgrass is dioecious and mainly
reproduces vegetatively through spreading rhizomes. Saltgrass
produces seed only where the stands are most dense and vigorous.
Consequently, revegetation using saltgrass has entailed the use of
rhizomes (Pavlicek et al. 1977). However, seed sources do exist and
The authors are C.J. Cluff, range agronomist, University of Nevada, Rena: R.A.
Evans and J.A. Young, range scientists, USDA/AR&
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since revegetation using rhizomes is expensive and labor intensive,
seeding desert saltgrass with readily available equipment would be
much more efficient than planting rhizomes.
In order for land managers to use saltgrass optimumly for
revegetation of rangelands or disturbed sites, it is necessary to
understand the seed and seedbed ecology of this species. Important
to the ecology of this species are its seed germination
characteristics.
Neilson (1956) reported that scarification of saltgrass seeds with
sandpaper enhanced germination, but under natural conditions
germination of saltgrass seeds is very poor. Nielson’s work and our
own preliminary investigations on saltgrass seed germination have
shown that simple afterripening, cold stratification, and treatment
with sulfuric acid, sodium hydroxide, potassium nitrate, sodium
chloride, red light, hot water, or hydrogen peroxide does not
greatly increase saltgrass seed germination.
The purpose of this study was to determine the moisture and
temperature conditions under which saltgrass seed would germinate and the variability in germination characteristics of different
collections of saltgrass seed and to relate these data to field measurements of soil moisture potentials and temperature.
Methods
Nine collections of saltgrass seed were obtained in the fall
months of 1978, 1979, or 1980 from eight different locations
throughout the western United States (Table 1). Pistulate seedheads were hand collected as soon as possible after seeds were ripe
and the seeds (caryopses) were cleaned using an air screen and
stored in the laboratory’ at room temperature until tested. The
seeds were tested within 6 months of collection.
Germination tests were conducted using methods described by
Young and Evans (1979). Seeds were placed on a single thickness of
germination paper in petri dishes and kept moist with tap water.
Tests were done in dark germinators. The seeds were incubated for
4 weeks, and germination counts were made after 1,2, and 4 weeks.
Seeds were considered germinated when the radicle had emerged 2
mm. Constant germination temperatures were 0, 10,20,30,40,50,
and 60”C. Alternating temperature regimes consisted of 16 hours
at each constant temperature and 8 hours at one of each possible
higher temperature in each 24-hour period. For example, 0°C
alternated with 10, 20, 30,40, 50, and 600 C, but SO”C with 60”C
only. In all, 28 constant and alternating temperature regimes were
tested. Seeds of collection 1 (Little Cottonwood Lake, NV, 1978)
were also incubated at -5, -2,2, and 5”C and with each alternating
higher temperatures to 60“C. The -2 and -5OC temperatures were
produced with a low temperature gradient bar developed by Evans
et al. (1970). All experiments included four replications of 25 seeds
each.
The effects of reduced osmotic potentials on the germination of
desert saltgrass from collection I were evaluated using solutions of
polyethylene glycol with a molecular weight of 6000 (PEG 6000)
and sodium chloride (NaCI). PEG 6000 and NaCl solutions were
compared as osmotic adjusting agents because Tiku (1976) showed
that desert saltgrass plants are better adapted to osmotic potentials
419

Table 1. Germination of collections of saltgrass seed. Means for 28 constant and alternating temperature regimes.’

Collection

Location of seed source

Date collected

39”36’N., I 18036’30”W.Little Cottonwood Lake, NV
30036’N., 118”26’30”W. Little Cottonwood Lake, NV
39036’N., Il8”29’ W., South Lead Lake, NV.
4P20 N., 119“
W., Burns, OR.
41”20’N., Il202O’W. Ogden Bay, UT.
39037’N., Il8”29’W. Peers Landing, NV.
44O. Il6”30’ W. N. Gem County, ID.
39035’N., Il8033’W. Dutch Bill Lake, NV.
36O40 N., I Is” 12’W. Lone Pine, CA.

8178

I

IB
2
8
7
5
6
3
4

8180
9/ 79
IO/80
S/SO
8/ 80
9180
IO/79
8/ 80

‘Means followed by the SIX
2
g=(AGXA~)+(OGX~)

Q

Table 2. Germination at constant and alternating temperatures of desert
saltgrass seeds. Means for all collections.1

0
IO
20
30
40
50
60

Germination
Warm period “C - 8 hr
0

10

20

30

0

0
0

0
0
0

13e
Ile
28
0

40

50

60

39b
58a
37b
4f8
2gh

IOc
24c
26c
19d
lf
0

0
0
0
0

Yo

8
0

‘Means followed by the same letter are not significantlydifferent at the 0.01 level of
probability as determined by Duncan’s multiple range test.
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Germinability*
quotient

18.8a
16.9a
10.6b
8.7bc
8.3~
5.4c
4.6d
4.5d
3.8d

la
.95a
S9b
.38bc
.47bc
.29c
.27c
.26c
.24c

letter tarenot significantly different at the 0.01 level of probability as determined by Down’s multiple range test.
any germ~ttation.AC = mean % gertoittation of regimes producing any
Where: g = germinability quotient, AG = v. regimes producing
germination,OG = B of regimes producing optimum germination, OG= Mean % of germination of regimes producing optimum
germination. Q = highest value of the numerator calculated for any collection.

lowered by salts than by long chain macro-molecules like polyethylene glycol. We thought that desert saltgrass seed germination
might follow the same pattern. The seed germination was tested at
0, -I, -5, -10, -15, and -20 bars of osmotic potential. The seeds
were incubated at an optimum temperature regime of 18 C for 16
hours and 40°C for 8 hours in each 24 hour period in petri dishes
sealed with wax laboratory film to prevent moisture loss. There
were 25 seeds in each petri dish and four replications per treatment.
Because osmotic potential is influenced by temperature, the
sodium chloride and polyethylene glycol solutions were adjusted
so that the osmotic potential being tested was the weighted average
of the cold- and warm-temperature potentials. This fluctuating
osmotic potential regime reflected natural seedbed conditions
more realistically than a nonfluctuating osmotic regime.
The laboratory temperature regimes were compared with actual
seedbed temperatures measured in saltgrass stands using thermocouple temperature probes. Temperature measurements were
taken hourly at the soil surface and 5 cm below the soil surface at
three locations in two separate saltgrass stands from April through
September of 1980. One stand is located at the Gund Research and
Demonstrations Ranch in a high (1875 m), desert valley in central
Nevada. This area is a dry, salt-affected meadow typified by hot
days, cold nights, and highly variable precipitation during the
growing season. The second stand is located at Fallon, Nevada in a
salt-marsh of lower elevation (1100 m). This area is typified by hot
days, mild nights, and little or no precipitation during the growing
season. To determine the soil moisture potential, thermocouple
psychrometers were buried at 10,20, and 40 cm in each plot in both
saltgrass stands and read at approximately 2-week intervals
throughout the 1980 growing season. Electrical conductivity (EC)
of the saturation extract was measured at the soil surface and at 5
cm below the soil surface in both saltgrass stands in early and late
spring of 1980 to determine the relative salt concentrations.

Cool period
“C-16 hr

Germination

A series of germination characteristics were statistically generated for each of the nine collections of saltgrass seed. Thesecharacteristics were: percentage of regimes producing any germination,
mean percent germination of regimes producing any germination,
percentage of regimes producing optimum germination, and the
mean percent germination of the regimes producing optimum
germination. Optimum germination was defined as that not significantly lower(P=O.Ol) than the maximum germination. Any germination was defined as that with an average of 1% or higher. A
relative germinability quotient was generated for each collection
using the following equation:
g=

(AGXA%)+(OGXOz)
0

where g = relative germinability, AG = % of regimes producing
any germination, YJZ = mean percent germination of regimes
producing any germination, OG = % of regimes producing optimum germination, OG = mean percent germination of regimes
producing optimum germination and Q= the highest germination
value for any collection calculated by the numeratorportion
ofthe
equation. We developed this equation to account for the range of
temperatures at which a collection of seed would germinate
coupled with the best germination at certain temperature regimes.
Collections were compared only when tested with the same temperature regimes. Values forg rank thecollections from I.Odecreasing
toward 0 based on their germination characteristics.
Results
Gemination Trials
Mean germination of seeds at all 28 constant and alternating
temperature regimes varied greatly with the seed collection (Table
1). Collections 1 and I B had the highest mean germination with 19
and 17%, respectively. Similarities between collections 1 and 1B
were expected since the seeds were collected from the same location
in successive years. Collections 3,4,5, and 6all had mean germination near or below 5% and collections 2,7, and 8 ranged from 8 to
11%.
Seeds of collection I were the most germinable when compared
with the other collections using the germinability quotient (Table
1). The germinability quotient for seeds of collection 4 was the
lowest of all collections at 0.24, meaning that seeds of that collection were only a fourth as germinable as seeds of collection I. Seeds
of collection 3 and 5 were only slightly more germinable with
germinability quotients of 0.28 and 0.29, respectively. Collection
IB had the second highest germinability quotient at 0.95 which
again was expected since it was a second year collection from
location 1.
Highest mean germination for a particular temperature regime
(58%) occurred at the lo/400 C ( IO0C for I6 hours and 40” C for 8
hours daily) temperature regime (Table 2). For all collections, a
diurnal temperature fluctuation of at least 20°C was needed for
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Table 3. Maximum genninrtion and temperature regimefor each collection
of s&grass seeds.

Temperature Regime
(Cold period I6 hr/ Warm period 8 hr) Germination’

Collection

-oc
IO/40
IO/SO
IO/40
IO/40
IO/40
o/40
0140
IO/40
20150

I
lB
2
3
4
5
6
7
8
‘Means

Germination
Osmotic potential

-%
85 ab
94 a
86 ab
44 de
35 e
79 bc
52 d
72 c

‘Means

64C

by the same letter are not significantly

as determined

by Duncan’s

multiple

different

Polyethylene glycol

NaCl

-%
46 b
58 a
26 c
13d
Oe
Oe

-?&
46 b
68 a
29 c
6 de
I de
Oe

-bars0
-I
-5
-10
-15
-20
followed

probability

followed

probability

Table 5. Germination of desert saltgrass seeds of collection 1 at 10/W C
with reduced osmotic potentials created with polyethylene glyeol or
NaCI.’

by the same letter are not significantly

as determined

by Duncan’s

multiple

different

at the 0.01 level of

range test.

at the 0.01 level of

range test.

greater than 10% germination, with the warm period temperature
between 20 and 600 C and the cold period temperature being from
below 0 to 400 C.
There was considerable variability in the highest germination
responses of the seed collections at a particular temperature regime
(Table 3). Maximum germination (94%) was with collection 1B at
the 10/5o”C regime, although the 10/40” C regime resulted in the
highest average germination of all collections as previously noted.
Collection 5 germinated significantly (eO.01) better than the
average of the collections at O/400 C with 79% germination, and
collection 8 had its highest germination at 20/ 5O“C with 64%.
Many of the collections would not germinate at all if the warm
period temperature reached 500 C while other collections, such as
collection 8, germinated best when the warm period temperature
was SO’C.
Testing of seeds of collection 1 at low temperatures showed no
germination at -S’C but some germination at -2130°C and
-2/4oOC (Table 4). The 0/3oOC regime resulted in significantly
better (-0.01)
germination than the 5/3BC regime, indicating
that freezing temperatures were not as inhibitory to saltgrass seed
germination as was the lack of a 300 C diurnal temperature differential. The regime producing the highest germination was 5/ 400 C,
indicating that this regime may be better for saltgrass seed germination than 10/4oOC regime used for testing all the other
collections.
Osmotic Trials
No significant

differences (eO.01) were found between the
effects of the osmotic potential produced by NaCl and PEG 6000
solutions on saltgrass germination (Table 5). Percentage germination decreased significantly (-0.01)
with decreasing osmotic
potentials below -5 bars with both PEG 6000 and NaCl. Germination was significantly (eO.01) increased at -1 bar of osmotic

potential (63%) compared with the control (46%) and germination
was near zero at -15 bars with both solutions.
The EC of the saturated paste extract of soils from the Gund
Ranch and Fallon saltgrass stands averaged 80 and 150
mmhos/cm on the surface and 40 and 60 mmhos/cm 5 cm below
the surface, respectively. Although saltgrass plants grow in soils
with very low osmotic potentials and very high salt concentrations,
saltgrass seeds cannot germinate in such soils. This is in accordance
with Ungar (1978) who cites a long series of studies demonstrating
that seeds of many halophytic species germinate best under fresh
water conditions. This also substantiates the theory of Hanson et
al. (1976) that saltgrass rhizomes are important in thecolonization
of saline playa soils because they extend from areas that are
favorable for growth to ams that are less favorable. Germination
may take place on less saline sites with subsequent colonization of
saline areas by spreading rhizomes.
Seedbed Temperatures and Moisture Potentials
Seedbed temperatures measured in the two saltgrass stands
indicated that there were large diurnal fluctuations in temperature
throughout the growing season (Fig. I). The soil surface temperatures fluctuated at least 20”C diurnally almost every day during the
growing season in both stands. Temperatures consistently reached
the mean optimum of lO/4@ C for germination of these collections
of seed around June 20th in both saltgrass stands. The soil moisture potential of both saltgrass stands was below -15 bars by this
date at 10 cm below the surface and visibly drier at the surface. In
the Gund Ranch stand, this probably resulted from both a low
osmotic potential and a low matric potential. In the Fallon stand,
This resulted from a low osmotic potential since, even when the
soils were saturated, the total water potential as measured by
psychrometers was below -15 bars. These data suggest that optimum temperatures for saltgrass seed germination occur in the field
when moisture for germination is unavailable and that, if the soil is

Table 4. Germination of saltgrass seeds of collection 1 at constant and alternating temperatures.*

Germination
Warm period ‘C - 8 hr

Cool period
OC-16 hr

-5

-2

2

0

5

IO

20

0
0
0
0
0
0

0
0
0
0
0
0
0

30

40

50

0
8ef
82ab
63c
63c
40d
If
If

0
l4ef
73bc
7lbc
92a
71bc
34d
4ef
2f

0
0
0
0
0
4ef
35d
0
l7e
0

60

-%0

-5
-2
0
2
5
IO
20
30
40
50
60
‘Means followed
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highly salt affected, moisture may seldom be available even under
saturated soil conditions.
Gund Ranch

Discussion
Considerable variability was found among collections of saltgrass seed in germination responses to different temperature
regimes. However, there was not any obvious relationship between
optimum temperatures for germination and the environment
where the seed was collected. There still may be inherent differences controlling germination response to seedbed temperatures.
Plant selection and progeny testing would have to be done in order
to determine the heritability of the germination traits.
Of particular importance to saltgrass seedling survival may be
the ability to germinate at lower temperatures such as -51200 C,
-2/20°C, and 0/2oOC. Unfortunately, most of the variability
among collections was in germination response to moderate, not
low, temperature regimes. Not one seed germinated if the warm
period temperatures was 20”C or lower, or the cold period temperatures as low as -5°C. Average maximum temperatures of the
seedbed were not above 200 C until April at either the Gund Ranch
or Fallon saltgrass plots. Average minimum temperatures were not
above -5O C until mid-May at the Gund Ranch. The probability of
receiving substantial rain (I cm or more) in any given week at
Fallon or the Gund Ranch decreases dramatically after May (Gifford et al. 1967), so April and May are critical months for seed
germination. Optimum temperatures for germination (IO/400 C)
are not reached until late June at Fallon and July at the Gund
Ranch, long after predictable rainfall. Since saltgrass stands are
established in these areas, it is obvious that there are periods when
there is enough rain in April and May to raise soil moisture
potentials above -10 barseither by leaching of salts, soil wetting, or
both. An episodic pattern of establishment of desert plants has
been suggested by Went (1955) and discussed by West et al. (1979).
Saltgrass establishment from seed may follow this pattern by
germinating only rarely, when favorable moisture events coincide
with optimum seedbed temperatures for germination.
Why do desert saltgrass seeds have relatively high optimum
germination temperatures that rarely coincide with adequate moisture for germination? It may be that saltgrass seedlings have not
developed mechanisms for survival at low temperatures. Also, the
competitive advantages of cool season grasses such as downy
brome (Bornus tectorum L.) and crested wheatgrass [Agropyron
desertorum (Fisch.) Schult.] has been ascribed to the ability of the
seedlings to grow deep root systems during the cold, wet, early
spring that can follow depleting soil moisture later in the season
(Harris and Wilson 1979). We have never observed saltgrass plants
with root systems extending below 40 cm in either of the saltgrass
stands in this study. It would seem that there would not be any
adaptive advantage in germinating during cold weather since, even
if the seedlings survived, the shallow root system would not beable
to follow receding soil moisture. However, there would be an
advantage to early germination if it allowed seedlings to develop in
soils which were temporarily leached of high salt concentrations by
normal winter precipitation. We have found (unpublished data,
Agric. Research Service, U.S. Dept. of Agriculture, Reno, NV)
that seedling survival of one collection of saltgrass seed decreased
linearly with increasing soil salinity such that no seedlings survived
in a saline soil from the stand where the seed was harvested, yet
95% of the seedlings survived in a non-saline soil. Possibly, the
advantage of germinating early when the soil would most probably
be leached of salts is offset by the inability of saltgrass seedlings to
survive cold temperatures. Thus, desert saltgrass is relegated to
playa edges and meadows with a shallow water supply where a
competitive advantage is derived from the ability of the mature
plants to thrive in saline, poorly aerated, inundated soils (Hansen
et al. 1976).
In relating the results of this study to land reclamation using
saltgrass, three conclusions may be drawn. The first is that saltgrass seed will not germinate under normal greenhouse tempera422
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Fig. 1. Seedbed surface maximum and minimum temperatures in 2 saltgrass
stands during the growing season. Temperatures are means from 3
locations in each stand.

ture regimes. This is important to land managers who wish to raise
large numbers of saltgrass plants for reclamation purposes and to
plant breeders who wish to improve those plants. Second, unless
the land to be reclaimed is located in an area of predictable summer
precipitation, irrigation will be needed for seed germination.
Finally, if irrigation is needed, water should be applied when the
seedbed temperature reaches 400 C during theday and 5*C to 100C
at night.
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Effect of Cultural Practices on Seeded Plant
Communities on Intensively Disturbed Soils
T.B. DOERR, E.F. REDENTE,

AND T.E. SIEVERS

Abstract
A revegetation technique study was established in a disturbed
sagebrush-juniper community in northwestern Colorado in the fall
of 1976. The purpose of the study was to identify effective cultural
practices for establishing diverse and productive plant communities on disturbed soils. A combination of 4 treatments was applied:
(1) altering life form seeding ratios, (2) seeding mixtures, (3) fertilizer, and (4) irrigation. After 4 years there was no significant
difference in aboveground biomass production and canopy cover
between irrigated and nonirrigated treatments. Fertilization
increased production of grasses and shrub growth but depressed
forb growth somewhat. The aboveground production of native
and introduced mixtures was similar following four growing seasons. In general, introduced grasses out-produced native grasses,
introduced forbs produced more than native forbs, and native
shrubs out- performed introduced shrubs. Altering ratios among
life forms affected shrub biomass more than forb and grass production. The use of different seeding rates indicates that phmt community composition will change and may be a function of not only
seeding rates hut also plant and environmental factors over time
and space.

Increased demands for domestic energy sources will result in
major land disturbances in the western United States. Revegetation of these disturbed sites will require a wide array of flexible
techniques to be successful. Establishment of complex vegetation
communities will require sophisticated techniques to meet the
various environmental conditions and growth requirements of the
seeded species.
Many revegetation studies have reported good grass establishment on disturbed sites of the pinyon-juniper, foothill sagebrush,
and mixied prairie grassland types (Plummer et al. 1968, Depuit
and Coenenberg 1980, Sindelar and Plantenberg 1978, Redente et
al. I98 1). However, the same studies reported difficulty in establishing shrub species from seed. Other revegetation studies have
succeeded in establishing shrubs with limited grass establishment
success (Institute for Land Rehabilitation
1979). Therefore,
improvement of establishment techniques and testing of different
combinations of techniques are still necessary.
Irrigation on semiarid rangelands can help overcome drought
conditions during stand establishment and may increase plant
density and production over nonirrigated areas (Ries and Day
1978, Farmer et al. 1974). Although irrigation improves the chance
of reclamation success, it is not always feasible because of scarcity
of water, cost, and availability of water rights. Therefore, irrigation
should not be a mandatory cultural practice but should be considered on a site-specific basis. In addition, irrigation should be
considered only as a temporary (first and second growing season)
treatment to aid plant establishment in order to avoid producing
dense stands that are dependent upon supplemental water
indefinitely.
Fertilization of disturbed sites is often done without consideration of benefits versus costs. Fertilization has limited application in
the southwest (Merkel and Herbel 1973). Dwyer (1970) indicated
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that fertilizer would not be effective in areas receiving less than 35
cm annual precipitation. Similarly, Cook (1965) demonstrated
that a minimum of 27 mm of annual precipitation was needed for
efficient use of fertilizer on Utah rangelands. Other research by
Farmer et al. (1974) Depuit and Coenenberg (1979), and Woodmansee et al. (1980) reported that applications of nitrogen
increased grass production. Increased grass production from fertilization increased grass competition with legumes thereby decreasing legume productivity (Depuit and Coenenberg 1979). In studies
by Berg (1980), it was shown that shrub production was depressed
due to increased moisture competition from grasses after fertilization. However, Aldon et al. (1976) in New Mexico found that
applications of 90 to 180 kg N/ha with phosphorus increased
fourwing saltbush (Atriplex canescens) production, when planted
in pure stands, but nitrogen levels less than 90 kg N/ha had no
effect. Other studies indicate the vegetation responses to fertilizer
will vary according to seed mixture, seeding rate, precipitation,
and soil moisture (Cook 1965, Burzlaff et al. 1968, and Dwyer
1970). Therefore, a broad spectrum of vegetation responses may be
possible with a fertilizer application.
Both the type of species used and their seeding rate can have a
profound effect on the expression of plant communities. Abiotic
factors such as precipitation rate and frequency, temperature, and
soil conditions will further modify seed mixture responses. ldentical seed mixtures seeded under different weather regimes and soils
will have different plant composition (Redente, unpublished data).
Work by Depuit and Coenenberg (1980) reported that different
seeding rates of the same seed mixture produced slightly different
plant composition, but it was not in direct relation with the changes
in the seeding rate among species in the mixture. Similarly, individual species responses to treatments reported by Depuit and Coenenberg (1980) varied from results of Sindelar and Plantenberg
(1978) because of differences in seed mixtures, planting dates, and
site conditions although both seedings were near Colstrip, Mont.
Therefore, care must be taken in extrapolating seed mixture performance to areas even slightly different environmentally.
The objectives of the present study were to determine the success
of revegetating intensively disturbed soil using 3 seed mixturesand
2 life form seeding ratios under fertilizer and irrigation treatments.
Study

Site Location

and Description

The study was located in the Piceance Basin 65 km northwest of
Rifle, Colo., at an elevation of 2200 m. Sagebrush-grass was the
dominant vegetation type. Big sagebrush (Artemisia tridentata),
western wheatgrass (Agropyron smithii), prairie junegrass (Koeleria cristata), Indian ricegrass (Oryzopsis hymenoides), cheatgrass
(Bromus tectorum), and Russian thistle (Salsola iberica) were
important species. Soils were loam to clay loam with the combined
A and B horizons being I3 to 25 cm deep. The pH was 8.0, organic
matter was 1.7%, electrical conductivity averaged 0.5 mmhos/cm,
nitrate-nitrogen was 5 ppm (water extract), and phosphorus was
2.3 ppm (ammonium bicarbonate extract). Climate of the area is
semiarid. Annual precipitation is approximately 30 cm, one-half of
which is received as snow.
Materials

and Methods

In 1976 vegetation was mechanically removed from a l.9-ha
area, and 1 m of soil (A, B, and C horizons) was removed, mixed
together, and replaced creating a rocky plant growth medium with
low levels of nitrogen (N) and phosphorus(P). The soil texture was
sandy clay loam with a pH of 8.3, SAR was 4.8, electrical conduc423

tivity was 0.6 mmhos/cm, nitrate-nitrogen was 2.2 ppm (water
extract), and phosphorus was 1.0 ppm (ammonium bicarbonate
extract). Slope was 3% and northfacing. Three seed mixtures
consisting of diverse combinations of grasses, forbs, and shrubs
were drill seeded in November 1976. The 3 mixtures contained
either all native, all introduced, or a combination of native and
introduced species (Table 1).
Two life form ratios were used for all seed mixtures in an attempt
to establish adequate stands of grasses, forbs, and shrubs at one
seeding. Life Form Ratio 1 had a higher seeding rate ofgrassesand
forbs compared to Life Form Ratio 2, and Life form Ratio 2 had a
higher seeding rate of shrub seed planted compared to Life Form
Ratio 1 (Table 1).
Natural precipitation was supplemented during the 1977 and
1978 growing seasons on one-half of the study at a rate which
brought the combined (natural and artificial) moisture to a total of
2.5 cm/week which was considered a favorable year for the area.
This rate approximates the highest amount of precipitation that
would be expected based on 20 years of previous data (Wymore
1974). In addition, supplemental water was provided to the nonirrigated portion of the study because of severe drought conditions
prevailing during the summer of 1977. Approximately 2.6 cm of
water was added between 26 and 29 June 1977 to prevent failure of
seedling establishment. The irrigation water had a pH of 8.2, SAR
of 1.7, and an EC of 1050 micromhos/cm, indicating that the
sodium hazard was low and the salinity hazard moderate.
One-half of both irrigated and nonirrigated plots received fertilizer at 90 kg P/ha as triple superphosphate which was incorporated
into the plant root zone prior to seeding. Ammonium nitrate was
applied at a rate of I I2 kg N/ha in the fall after the first growing
season to reduce volitilization and increase efficient use by plants
(Bauer et al. 1978). Wood fiber mulch was applied in a slurry at a
rate of 2.2 MT/ ha over all plots following seeding.
The experimental design was a randomized split-split plot (irrigation being the first split and fertilizer being the second split) with
3 replications. Vegetation was sampled in 1978, 1979, and 1980
using six 0.25-m> permanent quadrats in each 5X8-m subplot.
Density, aboveground biomass, and canopy cover were recorded
by species for seeded plants. Canopy cover was estimated by
visually compressing the vegetation components together before
assigning a cover value. Aboveground biomass (dry matter) was
determined using double sampling techniques.
Data were analyzed using four-way analysis of variance and
multiple regression techniques. Dependent variables were density,
biomass, and canopy cover; independent variables were irrigation,
fertilizer, seed mixture, and life form ratio changes. The analyses
were run by life forms (grass, forb, shrub) and species within seed
mixtures. Each year was analyzed separately. Sheffe’s test was used
at the .10 level of probability to identify significantly different
means when F values were significant. There were few significant
interactions found between treatments within years. Therefore,
discussion has been limited, generally, to main treatment effects.

on the irrigated plots in 1978 and 1979 was higher than on nonirrigated plots by 1200 kg/ ha in 1978 and 500 kg/ha in 1979. These
values may have been artificially high and were reduced in 1980 as a
result of physiological stress on plants due to 1980 drought conditions. Berg (1975) and Ries and Day (1978) predicted this natural
thinning of irrigated stands from preliminary revegetation studies
using irrigation.
Forb biomass was greater on irrigated plots compared to nonirrigated plots (Fig. 1). This was generally a result of increased
amounts of cicer milkvetch (Astragalus cicer) and alfalfa (Medicage sativa) under irrigation.
Irrigation reduced shrub biomass (Fig. I) and densities throughout the entire study period. Shrub densities in 1978 were 3.3
plants/m* on nonirrigated plots compared to only 2.4 plants/m2
on irrigated plots. In 1980 densities were twice as great on nonirrigated plots (4.7 plants/mz) compared to irrigated plots (2.3
plants/ mr). Similarly, shrub biomass was twice as great on nonirrigated plots compared to irrigated plots in 1980. Increased grass
competition under irrigation hindered establishment of slower
establishing shrubs. This interaction between grasses and woody
plants under irrigated conditions has been documented by several
authors (Hubbard 1957, Plummer et al. 1968).
On steep south-facing slopes where soil erosion control is critical, rapid grass establishment may be the goal of revegetation
plans. Therefore, temporary use of irrigation may be one technique
to ensure grass establishment. However, shrub-dominated communities are pervalent in some regions, and rapid grass establishment may not be the best long-term goal on these sites. The use of
rapidly establishing shrubs (such as fourwing saltbush and winterfat) in combination with slower establishing shrubs at high seeding
rates along with low seeding rates of grasses may be the better
long-term approach to soil stabilization and an effective land use.
On north-facing slopes a more appropriate seed mixture may
include a higher seeding rate of grasses and forbs compared to
shrubs to ensure good grass establishment. The use of irrigation on
2500
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Results and Discussion
Effects of Irrigation
Irrigation during the first two growing seasons significantly
increased mean production of grasses in 1978 and 1979 compared
to the nonirrigated treatment (Fig. 1). Aboveground biomass and
cover of grasses were not significantly different between irrigated
and nonirrigated plots by 1980. Farmer et al. (1974) found that
grass yields increased under irrigation compared to nonirrigated
conditions on seeded areas after coal mining near Decker, Mont.
However, irrigation was much more effective if mulch and fertilizer
were used. The differences between these 2 studies may be a result
of soils and rainfall more suitable for grasses at the Decker site
compared to the Piceance Basin site.
Aboveground biomass of seeded grasses in the introduced mixture declined on irrigated plots from a high of 1600 kg/ ha in 1978
to 1400 kg/ ha in 1979 to 800 kg/ ha in 1980. The biomass supported
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Fig. 1. Mean biomass of seeded grasses, forbs, andshrubsfor

1978.1979,

and 1980 on irrigaredandnonirrigatedplots. Means with different letters
within year and life form are significantly different (pCO.10).
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Table 1. Seeding mixtures and rates used on the revegetation techniques study.
Seeding rate PLS (kg/ha)
Common name

Scientific name

Life Form Ratio I

Life Form Ratio 2

I.1
I.1
I.1
I.1
I.1
I.1
I.1
I.1

0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.3
0.3
0.6
0.6
0.6
0.6
4.5
3.4
2.2
2.2

Mixture I-Combination (native and introduced) species
kgropyron desertorum
I. Crested wheatgrass ‘Nordan’
A. sibiricum
2. Siberian wheatgrass
3. Thickspike wheatgrass ‘Critana’
A. dasystachyum
4. Streambank wheatgrass ‘Sodar’
A. riparium
A. trachycaulum
5. Slender wheatgrass
Bromus biebersteinii
6. Meadow brome ‘Regar’
7. Indian ricegrass
Oryropsis hymenoides
8. Green needlegrass
Stipa viridula
Festuca ovina duriuscula
9. Hard fescue ‘Durar’
10. Yellow sweetclover ‘Madrid’
Melilotus officinalis
II. Sweetvetch
Hedysarum boreale
12. Globemallow
Sphaeralcea monroana
13. Lewis flax
Linum lewisii
14. Arrowleaf balsamroot
Balsamorhiza sagittata
15. Fourwing saltbush
Atriplex canescens
16. Stansbury cliffrose
Cowania mexicana stansburiana
17. Winterfat
Ceratoides lanata
18. Green ephedra
Ephedra viridis

0.6
0.6

I.1
0.6
0.6

Total
Mixture 2-Native species
I. Western wheatgrass ‘Rosana’
2. Streambank wheatgrass ‘Sodar’
3. Bearded bluebunch wheatgrass
4. lndian ricegrass
5. Green needlegrass
6. Big bluegrass ‘Shermans’
7. Alkali sacaton
8. Globemallow
9. Sweetvetch
IO. Palmer penstemon
1I. Stansbury cliffrose
12. Green ephedra
13. Fourwing saltbush
14. Winterfat
15. Antelope bitterbrush

Agropyron smithii
A. riparium
A. spicatum
Oryropsis hymenoides
Stipa viriduh
Poa ampla
Sporobolus airoides
Sphaeralcea munroana
Hedysarum boreale
Penstemon palmeri
Cowania mexieana stansburiana
Ephedra viridis
Atriplex canescens
Ceratoides lanata
Purshia tridentata

Total
Mixture 3-introduced
species
I. Crested wheatgrass ‘Nordan’
2. Siberian wheatgrass
3. Tall wheatgrass ‘Jose’
4. Pubescent wheatgrass ‘Luna’
5. Intermediate wheatgrass ‘Oahe’
6. Smooth brome ‘Manchar’
7. Meadow brome ‘Regar’
8. Russian wildrye ‘Vinal’
9. Alfalfa ‘Ladak’
IO. Yellow sweetclover ‘Madrid’
II. Cicer milkvetch ‘Lutana’
12. Sainfoin
13. Bouncing bet
14. Small burnet
15. Siberian peashrub
16. Russian olive

Agropyron desertorum
A. sibiricum
A. elongatum
A. trichophorum
A. intermedium
Bromus inermis
B. biebersteinii
Elymus junceus
Medicago sativa
Melilotus officinalis
Astragalus “&er
Onobrychis viciaefolia
Saponaria officinalis
Sanguisorba minor
Caragana arborescens
Elaeagnus angustifolia

Effects of Fertilizer

Aboveground biomass of seeded grases was significantly greater
on fertilized plots compared to unfertilized plots in 1978 regardless
of irrigation (Fig. 2). However, fertilization was more effective on
irrigated plots compared to nonirrigated plots. Also, grass biomass
was generally greater on fertilized plots in 1979 and 1980 under
irrigated conditions, although this increase was not statistically
significant. Depuit and Coenenberg (1979) found that fertilizer was
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20.1

I.1
I.1
I.1
I.1
I.1
I.1
0.6
0.6
I.1
0.6
2.2
I.1
I.1
I.1
I.1

0.6
0.6
0.6
0.6
0.6
0.6
0.3
0.3
0.6
0.3
4.5
3.4
3.4
2.2
3.4

16.1

22.0

I.1
I.1
I.1
I.1
I.1
I.1

I.1
2.2

0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.3
0.3
0.6
0.6
I.1
I.1
4.5
4.5

16.7

17.8

I.1
I.1
0.6
0.6
0.6
0.6
I.1
I.1

Total

these sites would increase grass production for the first 2 to 3 years,
but this gain may be rapidly lost after this period of time as
indicated in the present study.

I.1
I.1
I.1
I.1
I.1
17.8

effective in significantly increasing grass biomass compared to
unfertilized grasses 3 years after application. Shrub tompetition
may have reduced grass biomass on fertilized plots in this study.
Aboveground biomass of seeded forbs was not affected by fertilization (Fig. 2). A study in Montana showed that forbs did not
respond to fertilizer treatments when seeded with more competitive grass species (Depuit and Coenenberg 1979). Russell et al.
(1965) found that N application decreased the percentage of
legumes found in hay meadows in Nebraska. They also reported
that P increased legume composition. The lack of response by
forbs in this study may be partially caused by increased grass
competition from the application of N negating any forb produc425
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Fig. 2. Mean biomass of grasses, forba and shrubs in 1978,1979, and 1980
onfertilized and nonfertih’zedplots. Means with different letters within
war and W-form are significantly dtfferent (60. IO).

tion increases in response to the phosphorus applications. In addition, vegetation often does not display increased production to
fertilizer under drought conditions (Vallentine 1971, Bauer et al.
1966, Smika et al. 1961). Therefore, poor forb establishment and
production could be expected on fertilized plots.
Forb densities were low (3 to 4 plants/mr) because of low
competitive ability of northern sweetvetch (Hedysarum boreafe),
Palmer penstemon (Penstemon palmeri), Lewis flax (Linum Iewisii), small burnet (Sanguisorba minor), bouncing bet (Saponaria
officinalis), sainfoin (Onobrychis viciaefolia), and arrowleaf balsamroot (Balsamorhiza saggitata) in the seedling stage. Other
revegetation studies in the Piceance Basin by Berg et al. (1979)
Herron et al. (1980), and Harbert and Berg (1978) also reported
low establishment of similar forbs in complex grass-forb-shrub
mixtures.
Fertilization significantly increased shrub production in 1978
(Fig. 2). Greater production was also seen in 1979 and 1980 on
fertilized plots, but this was not statistically significant. However,
fertilization significantly increased shrub cover in 1980 on nonirrigated plots. Shrub cover was 28% on fertilized-nonirrigated plots
compared to 14% on unfertilized-nonirrigated
plots. Draves and
Berg (1978) found that seeded shrubs were not significantly
affected by fertilization in mountain shrub communities of Colorado because of grass competition. The lack of shrub response to
fertilization on irrigated plots corresponds to the findings of
Draves and Berg (1978), and the hypothesis of grass competition
overriding fertilization effects was demonstrated in this study.
Effects of Seed Mixture

Seed mixture affected the establishment of grasses and forbs but
426

not shrubs. Aboveground grass biomass was greatest in the introduced mixture and lowest in the native mixture under irrigated and
nonirrigated treatments in 1978 and I979 (Fig. 3). The greater grass
biomass of the introduced mixture can be attributed to faster
growth and greater vigor ofintroduced compared to nativegrasses.
In addition, introduced shrubs failed to become established from
seed. Consequently, grass growth in the introduced mixture was
not restricted by shrub competition for space or moisture, The
aboveground production of grasses in the native mixture in 1980
was similar to grass production in the introduced mixture on
irrigated plots. Although native grasses generally have slower
growth and lower production potential than introduced grasses,
the production potential appears to be similar for this site. In
addition, it appears that 4 to 5 growing seasons may be necessary
for native species to reach their potential production on semiarid
sites. The consistently low grass production of native and combination mixtures on nonirrigated plots through 1980 was attributed to
the poor establishment of green needlegrass (Stipa viridula),
lndian ricegrass, hard fescue (Festuca ovina duriuscula), alkali
sacaton (Sporobolus airoides), and big bluegrass (Poa ampla).
Forb density and biomass were greatest in the introduced mixture compared to the combination and native mixtures in 1978,
1979, and 1980 on irrigated and nonirrigated plots (Fig. 3). Alfalfa
and cicer milkvetch were robust plants in 1979 and 1980. Consequently, these species accounted for the differences in forb
response among seed mixtures. Shrub biomass was generally
greater in the native mixture compared to biomass in the combination mixture, although the difference was not statistically significant (Fig. 3). The greater biomass exhibited by shrubs in the native
mixture may be attributed to the lower vigor of native grasses (e.g.,
green needlegrass, Indian ricegrass, big bluegrass, and alkali
sacaton) compared to grasses and forbs in the combination mixture (e.g., crested wheatgrass, thickspike wheatgrass (Agropyron
dasystachyum), and yellow sweetclover (Melilotus officinalis) the
first two growing seasons. The similarity of shrub production
between the native and combination mixtures the third and fourth
growing seasons can be attributed to the similarity of grasses and
forbs (Table I) used and their production in these mixtures (Fig. 3).
The combination mixture of both native and introduced species
provided greater grass cover and production compared to the
native mixture in 1978 and 1979. The high production was attributed to slender wheatgrass (A. trachycaulum), crested wheatgrass,
and meadow brome (Bromus biebersteinii). Only slender wheatgrass was a native species. These three species declined by 1980 to
become subdominant (crested wheatgrass) or of lesser importance
(slender wheatgrass and meadow brome). Streambank wheatgrass
production increased in 1980 from 1979 levels to partially compensate for the reduction of the introduced species in the combination
seed mixture. Grass biomass in the combination mixture was
therefore equivalent to biomass in the native mixture (which did
not exhibit as great a decline in production). The rapid grass
establishment and production of the combination mixture may
make this mixture superior to the native mixture on steep slopes
where rapid establishment is critical for soil erosion control. Also,
the increase of the native species component (i.e., streambank
wheatgrass, winterfat, and fourwing saltbush) appears to make the
combination seed mixture as potentially suitable as the native
mixture for long-term soil stabilization and grazing use. Similarly,
native forbs including globemallow (Sphaeralcea munroana) and
Lewis flax (Linum lewisii) had greater biomass the fourth growing
season compared to previous growing seasons.
Effects of Life Form Ratios

The high grass-forb seeding rate (Life Form Ratio I) resulted in
grass densities of 44 plants/m2 compared to densities of 38
plants/ mr with the low grass-forb seeding rate (Life Form Ratio 2).
Similarly, grass and forb biomass was greater on Life Form Ratio 1
plots compared to Life Form Ratio 2 plots in 1978 through 1980
(Fig. 4). The biomass increases for the different life forms, while
not significant, indicate that composition changes will occur in the
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plant community when seeding rates among life forms are altered.
Other studies in the Piceance Basin have shown that varying
seeding rates among life forms will change life form composition in
favor of grasses at the expense of forbs (Rio Blanc0 Oil Shale
Company 1980). Other work by Depuit and Coenenberg (1980) in
Montana reported that increased seeding rates will generally
reduce the cover of less competitive species. Also, competition
between species will create large variation in species responses;
thus statistical significance is difficult to achieve. Cook et al. ( 1967)
found that less competitive grasses did not benefit as greatly from
increased seeding rates as did competitive grasses in seeding trials
in central Utah.
Changes in life form ratios did not significantly affect shrub
biomass or cover (Fig. 4). However, Life Form Ratio 2 (shrubs
seeded at a higher rate, than grasses and forbs) produced consistently greater shrub biomass than did Life Form Ratio 1 (grasses
and forbs seeded at a higher rate than shrubs).
This study and other studies on seeding rates indicate that
successional plant expression will change with variations of seeding rate. However, these changes will not be proportional to the
change in seeding rate and is a reflection of such factors as competition, characteristics of each species (including drought tolerance at
different phenological stages, rate of growth, potential size and
production, and germination percent and rate). Therefore, great
care needs to be taken in formulating seed mixtures and ratios to
achieve a balanced community of grasses, forbs, and shrubs that fit
the land use requirements. This may require more innovative
2750

techniques rather than a standard agronomic approach. Similarly,
variations in the outcome of stand establishment should be
expected because of differences in site characteristics and weather
parameters.
Conclusions
Irrigation shortened the time required for grasses and forbs to
establish and reach high production levels. However, this gain was
only short term; therefore, irrigation should be considered only if
there is a need for rapid establishment of these life forms under
environmental conditions similar to those in this study. Shrubs
were not as easily established, and production was reduced with
irrigation, Similarly, fertilizer aided early grass and shrub production but reduced forb production. If greater production of shrubs
or forbs is required fordiversity or wildlife needs of cover and food,
then rapid production of grasses may need to be sacrificed by
limiting the use of irrigation or fertilizer to ensure forb and shrub
establishment and growth. Similarly, sacrificing forb and shrub
production to achieve rapid grass production may be required on
sites particularly susceptible to erosion.
The success of the 3 seed mixtures used in this study demonstrates that a wide selection of species is available for revegetation
in the semiarid west. Therefore, flexibility exists in selection of
species according to their utility (e.g., soil stabilizingagent, wildlife
habitat, or livestock forage). However, some species were not
successfully established in sufficient quantities to be considered
important components of the seeded communities. Arrowleaf bal-

r
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Fig. 3. Mean biomass of grasses, forbs, and shrubs on irrigated and nonirrigated plots for combination, native and introduced seeded mixtures
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samroot (Balsamorhiza sagittata), sainfoin (Onobrychis viciaefolia). bouncing
bet (Saponaria
officinalis),
small
burnet
(Sanguisorba
minor),
cliffrose (Cowania mexicana),
green
ephedra (Ephedra viridis), bitterbrush (Purshia tridentata), Siberian peashrub (Caragana arborescens), and Russian olive (Elaeagnus angustt’olia) were forb and shrub species that did not have
satisfactory establishment rates in these mixtures. Grass species
that did not perform well in this study included hard fescue, big
bluegrass, and alkali sacaton. These species should not be disregarded as future reclamation species but demonstrates the need for
improvement of establishment techniques. Also, some species or
groups of species may serve as important food components for
some wildlife species although they do not compose a large percent
of the vegetation composition.
Altering the life form ratio within a seeding mixture will certainly affect the composition of the established community. However, the ratio among the life forms of the established plants may
not be in direct proportion
to that found in the original seed
mixture.
Other factors such as competition, rate of growth,

drought tolerance, and climatic conditions will influence the ultimate plant expression.
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Nebraska
Sedge (Carex
nebrashensis
Dewey): Observations on Shoot Life History
and Management
RAYMOND

D. RATLIFF

Abstract
Nebraska sedge (Carex nebraskemis Dewey), a valuable and
distinct species, can withstand a high degree of defoliation by
livestock without being seriously damaged. To understand this
species better and learn how it can withstand defoliation, shoot life
history is being studied on a site in the Sierra National Forest,
California. Initial results of the study (overwinter 1979-1980 and
the 1980 growing season) indicate that (1) Nebraska sedge shoots
live for more than one year; (2) a high proportion of vegetative
shoots overwinter; (3) overwintering shoots have cores of live leaf
tissue which can develop rapidly in spring; and (4) about half ofthe
shoots surviving winter become reproductive and die. In addition,
Nebraska sedge is now recognized as a culmless species. That helps
account for its withstanding defoliation. Reproduction appears to
be mainly vegetative, and a management goal of producing B”
abundance of healthy rhizomes is suggested.

is

found from KanNebraska sedge (Carexnebraskemis Dewey)
sas to California and from New Mexico to Canada (Herman”
1970, Munz and Keck 1959). It is generally palatable to cattle and
horses. A valuable species on many mountain meadows, Nebraska
sedge is grazed heavily during summer and, in some areas, range
managers consider it to be a key species. The foliage of Nebraska
sedge is a silvery blue-green distinct from most other sedges. Its
distinct color is evident about as soon as a shoot emerges, permitting even young shoots to be identified.
Valuable and distinct as it is, little is known about Nebraska
sedge except for its taxonomic
relationships.
It appears able to
stand a high degree of defoliation and not be seriously damaged.
But why this is so has remained obscure. The ability to overwinter
in a vegetative state may be one reason.
This note reports initial results from an on-going study of
Nebraska sedge life history at Tule Meadow on the Sierra National
Forest, California. Overwintering
(1979-1980) and shoot history
during the following growing season (1980) are discussed.
The Study
Tule Meadow, at an elevation of 2,170 m, lies in a swale formed
by moraines (Wood 1975). It is a wet meadow with surface water
present most of the time. Beneath the sod surface an organically
rich top soil extends to depths of 90 to 120 cm. Soil texture ranges
from sand to silt loam. Inorganic, gleyed material extends to 275
cm.
The specific site selected (Fig. I) is typical of the Nebraska sedge
class (Ratliff 1979) and the wet meadow, Nebraska Sedge Association (MW19 II) (Hall 1979). Other species prevalent on the site
include beaked sedge (Carex roszrafa Stokes) and tufted hairgrass
(Desrhampsia cnespitosa (L.) Beauv.). Soil is typically that of
Nebraska sedge sites in the Sierra Nevada. Such sites have a loam
texture, a strongly acid reaction, and more than 20% organic
matter at the 10- to 20.cm depth (Ratliff 1979).

An exclosure was established on the site to prevent disturbance
ofthis andcompanionstudiesonshootmorphology,carbahydrate
trends, and biomass dynamics. Within the enclosure specific areas
were designated for each activity. For this study a IO m by 0.5 m
study area was divided into 40 possible plots. Ten of these were
randomly selected and staked. Thus, the experimental design used
was a simple random sample from a finite population.
Each plot was l/S m2 (25 by 50 cm). That size plot was large
enough to assure its containing a number of shoots of Nebraska
sedge. It was small enough to assure detection ofnew shoots and to
permit efficient observation
of older shoots.
In early December 1979, I tagged 267 shoots ofNebraska
sedge
found in the IO piots. These were well developed, mat”re shoots.
having produced several leaves during the 1979 growmg season.
Also, they had a central core of live, green tissue. Stainless steel
wires attached to numbered plastic tags were loosely tied around
the shoot bases. Bernard (1976) used numbered metal clips in his
study of beaked sedge.
On April 10, 1980,snow onthetheplotswas
1.5mdeep. By May
8 the snow was melting and some ground could be seen. but the
plots were not full” accessible until May 22. From then until
November 20, I obs&ed
the plots biweekly and recorded changes
in phenology of the individual shoots. Shoots that survived and
remained vegetative were not considered toadvance again through
the younger stages.
Data analysis consisted ofdetermining
the 95%confidence
intervals for percentages of vegetative, reproductive,
and dead shoots
found on selected dates through the study period.
Results and Discussion
On May 22, immediately after the snow melted from the plots,
96% ofthe shootsstill had acore oflivetissue(Fig.
Z), but therewas
no new growth.

.__.

OBSERVATM

Fig. 2. Ltfe history of 267 mature Nebraska sedge shootsfrom
I979 to November 1980.

December

new leaves as long as environmental conditions remain favorable.
Only when a shoot becomes reproductive is its growing point
elevated. The ratio of reproductive to vegetative shoots is relatively
low. On July 30, the ratio was about 1:2, with new shoots of the
1980 growing season included in determining the ratio. Nebraska
sedge is, thus, a “culmless”species-a
fact that helps account for its
ability to withstand defoliation.
Bernard ( 1975) reported having never found a seedling of beaked
sedge. Reproduction of that species is mainly vegetative. That,
also, appears to be the principal means by which a population of
Nebraska sedge is maintained. Mature shoots of Nebraska sedge
removed for study of seasonal carbohydrate trends (Steele 1981)
were mostly from rhizomes. This was true, also, for shoots that
emerged during the growing season and developing but not
emerged shoots in the fall. Some tillers were, however, present. I
found only 12 seeds in several mature spikes, and I have yet to
identify a seedling of Nebraska sedge in the field. Therefore, 1
suggest that management to produce an abundance of healthy
rhizomes is a more viable goal than management to produce a
Nebraska sedge seed crop.

Conclusions
On June 4,95% of the shoots remained,

and there was some new
growth. Overwinter survival was 94.8% (P[92.2%<
p < 97.30/o]]=
0.95). Winter mortality, therefore, accounted for between 3% and
8% of the mature vegetative shoots tagged the previous December.
By mid-June the surviving shoots had produced an abundance of
new foliage, and 6% of the shoots were in an early reproductive
stage. The inflorescences
were low in the boot and not above the
basal leaves. Two weeks later, 48% of the remaining live shoots
were reproductive.
Culms were well elongated and the inflorescences were fully visible, but anthesis had not begun,
By July 30, the reproductive shoots were in full bloom. They
comprised slightly more than 5 1% (P [39.9< p< 62.2%]= 0.95) of
the 247 shoots alive at that time and 50% of the overwintered
shoots. The period of full bloom lasted until mid-August.
From
then until late September
seed was ripening. Before the end of
Septemer,
5% of the 126 reproductive
shoots were dead and
another
4470 were showing
signs of senescence.
By early
November,
43% of them were dead. The 32% left at the last
observation
(Nov. 20) had minimal green tissue remaining were
dying.
Seventeen percent of the 127 shoots that stayed vegetative died
during the course of the season, By November, most of the outer
leaf tissue on the remaining vegetative shoots was dead. Some
green tissue, however, was present on the lower portions of some
leaf blades, and the core of live tissue was present. Therefore, of the
253 overwintered
shoots, 41.5% (P [29.6% < cc< 53.4%] = 0.95)
were prepared for another winter.
Like Nebraska sedge, overwintering shoots of beaked sedge have
a core of live tissue. Such shoots are mature and vegetative and
will flower in their second growing season (Bernard
1976).
Depending upon when they emerge, shoots of beaked sedge may
live for I8 to 24 months. Nebraska sedge shoots may live longer. I
do not know how old the shoots were in fall 1979. Some surely
emerged that season, and they may be the ones that remained
vegetative.
However, they were mature when tagged. The

Nebraska sedge shoots now into their second (known) winter have
seen two growing seasons and may see a third.
I have found that Nebraska sedge has the same characteristics as
described for culmless grasses (Hyder 1972). The apical meristems
of vegetative shoots of Nebraska sedge are near or below ground
level through the growing period. The sources of leaf material are
below the usual level of defoliation resulting from grazing. Because
the meristems
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are not removed,

the shoots cancontinue

to produce

Much remains to be learned about Nebraska sedge. Nevertheless, it is now possible
to tentatively
draw the following
conclusions.
1. Shoots of Nebraska sedge can live for 2 or more growing

seasons.
2. A high proportion of overwintering shoots normally survive.
3. Overwintering shoots have cores of leaf tissue which can
develop and begin photosynthesis as soon as the temperatures warm sufficiently. Renewed growth, therefore, may
occur early in the spring.
4.
Around half of the overwintered shoots will become reproductive and die during the following fall .and
. . winter.
.
Many new shoots of Nebraska sedge emerged m the plots during
1980. All have been tagged. I am following their development
(along with the remainder of the shoots considered in this paper) to
more fully understand Nebraska sedge life history and management requirements. While the final conclusions from this study
must be considered specific for the finite population being studied
at Tule Meadow, I am confident they will hold for Nebraska sedge
throughout the Sierra Nevada.
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Chlorophyll, Dry Matter, and Photosynthetic Conversion-Efficiency
Relationships
in Warm-season Grasses
U.G. BOKARI

Abstract
This study was conducted to determine the relationship between
leaf chlorophyll content, dry matter production, and the photosynthetic conversion efficiency in several warm-season grasses. These
included Old World bluestems (Bothriochloa spp.), eastern gamagrass [ Tripsacutn ductyloides (L)L.], and weeping lovegrass (Eragrostis curvula (Schradd) Nees.). Warm-season grasses usually
operate on the Cd-photosynthetic pathway and are considered
photosynthetically more efficient than the cool-season grasses
under high temperature and high light intensity conditions. Samples for chlorophyll analysis and dry matter production were taken
from 3 to 5, 0.5 M2 quadrates per pasture at each phenological
stage. Photosynthetically active irradiance (400-700 nm) was measured with a quantum sensor. Results indicated close correlation
between chlorophyll and dry matter production. Increase in total
chlorophyll was associated with increase in dry matter. Chlorophyll a/b ratio remained almost constant throughout the growing
season. Solar energy conversion-efficiency ranged from 0.54% to
0.73% for various strains of Old World bluestems, 0.51% for
eastern gamagrass and 0.44% for weeping lovegrass. It was demonstrated through this study that warm-season grasses, like many
other plants, are not very efficient utilizers of the enormous
amounts of incoming solar energy. These grasses maintained high
productivity throughout the growing season by maintaining high
levels of chlorophyll in the leaves.
Old World bluestems (Bothriochloa
spp.), eastern gamagmss
[Trip~acum ductyloides (L.) L.], and weepinglovegrass
[Eragrostis
curvula (Schrad.)
Nees.] are warm-season
grasses with C-V
photosynthetic
pathway. ‘I‘hese plants maintain higher rates of
photosynthesis
at higher temperature
and light intensity than do
the G-plants (Downton 1971, Bjorkman 197 1, Slatyer 1970). Several workers have demonstrated
a direct correlation between chlorophyll content and dry matter production in several plant species
(Bray 1960, Brougham
1960, Bokhari 1976). This relationship
varies considerably among plant species within and between different growing seasons. Bray (1960)found a significant positive correlation between chlorophyll
and herbaceous
stand height while
negative correlations
were reported for corn (Zea muys L.) and
[Agropyron
deserrorum (Fisch.)] (Schult.)
crested wheatgrass,
(Oelke and Andrew 1966, Johnson and Miller 1940, Miller and
Johnson 1938). Chlorophyll concentration
usually decreases with
age, but these trends in chlorophyll
concentration
have not been
positively related to changes in photosynthetic
rates (McGregor
and Kramer 1963). However, Sestak and Catsky (1962) found that
rates of photosynthesis
and chlorophyll content increase to maximum values during the first phase of leaf development
in tobacco
(Nicotiano tabacum, L.) and then decrease. Rauzi and Dobrenz
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(1970) reported that both chlorophyll
a and b total chlorophyll
decreases in blue grama, [Boureloua gracilis (H.B.K.) (ag. ex
steud)] and western wheatgrass (Agropyron smithii, Rydb.) with
age.
The objectives of this study were: to investigate (I) the relationship between chlorophyll
content and dry matter accumulation
and (2) solar-energy
conversion efficiency of eastern gamagrass,
weeping lovegrass, and several Old World bluestem grasses at
different phenological
stages.

Materials

and Methods

Plant materials used in these studies were obtained from established, replicated pastures and field plot studies of each of the
following grasses: 2 varieties of Old World bluestems, Plains (B.
ischaemum L. Keng), Caucasian (B. caucasica C.E. Hubb); 3 experimental blends of B. intermedia var. indica, (Harlan et al. 1969),
designated “B”, ”L”and “T”; eastern gamagrass [T. dacryloides( L)
L.], and 2 weeping lovegrass strains [E. curvula (Schrad.) Nees].
Morpa and an experimental
selection designated 813. Each Old
World bluestem grass was established in pure stands in replicated
2-ha pastures in 1972. Eastern gamagrass was established in 4
replicated
12 X 6-m plots in 1975 and each of the 2 weeping
lovegrass strains in 3 replicated 6 X 9 m plots in the spring of 1979.
The soil type at each establishment
site was classified as a Dale
fine-silty, mixed, thermic, Pachic Haplustolls with a uH of annroximately6.8.
Soil analysis of the test locations in 19?9 showkd that
they contained 140 to 210 kg/ ha of the available phosphorus, 760
to 1,086 kg/ ha ofavailable potassium, and about 5 kg/ha of nitrate
nitrogen. During the 1979 and 1980 growing seasons, each pasture
was fertilized in April at a rate of 40 kg N and 20 kg P/ha. During
the growing season 3 to 5 quadrate samples for chlorophyll analysis and dry matter determination
were taken at different phenological stages in each Old World bluestem pasture, eastern gamagrass,
and the 2 weeping lovegrass plots. Phenological
stages were
defined as follows: vegetative stage-older
plants leaves only, stem
not elongated;
boot stage-inflorescence
enclosed in flag leaf
sheath; late dough stage-endosperm
doughy, well-developed
seeds; ripe seed-seeds
ripe, leaves green, heads intact. Dry matter
was determined on a subsample from each quadrat dried at 70” C
for 72 hr and weighed. One gram of an aliquot of the frozen or fresh
material was taken for chlorophyll
analysis. Chlorophyll
was
extracted with 80% acetone. Aliquots were drawn and diluted if
necessary to measure absorbance
of the solution at 663, and 645
nm using a Bausch & Lomb spectrometer
710’. Chlorophyll a,b
(Chla, Chlb) and total chlorophyll
(Chla + b) was determined
according to the formula suggested by Arnon (1949). Solar energy
conversion-efficiency
(CE) was determined according to the following relationship.
CE = [Chemical Energy Produced/ Radiant
Energy Received l 1OO.J
‘Mention
of a trade name or specific equipment
U.S. Dcparcment
of Agriculture
to the exclusion
suitable.

does not imply its approval by the
of other products that may also be
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Table 1. Chlorophyll concentration (mg l g-’l dry weight) in Old World
bluestems at different phenologicnl stages.

Table 3. Chlorophyll concentration (mg l g-’l dry wt.) in eastern gamagrass and weeping lovegrass at different phenological stages.

Species

Varieties/ blends
Developmental

stage

Plains

Caucasian

“B”

Vegetative
Chla
Chlb
Chl (at-b)
Chla/b

2.74
I .oo
3.74
2.73

3.28
0.98
4.27
3.34

3.10
0.90

Boot
Chla
Chlb
Chl (a+b)
Chla/b

2.17
0.77
2.95
2.81
6.02
2.00
8.02
3.01

“L”

3.23

“T”

4.0 I
3.43

I.01
4.24
3.20

2.44
0.78
3.22
3.14

3.55
I.19
4.74
2.99

3.57
1.26
4.82
2.84

4.05
1.23
5.29
3.29

4.10
1.28
5.38
3.19

7.59
2.53
IO.12
3.00

7.55
2.63
IO.18
2.87

6.63
2.35
8.98
2.82

6.37
2.12
8.49
3.00

Late dough

Chla
Chlb

Chl (afb)
Chla/b

Chemical energy produced represents the amount of photosynthetically active radiation converted into dry matter during a given
time interval. This amount was determined by converting the dry
matter produced into chemical energy on the basis of 4.7 KCal per
gram dry weight.
Radiant energy received was determined by measuring the photosynthetically active radiation (400-700 nm) at ground level without vegetation cover by using a Lambda Corporation, quantum
sensor Ll 188’. Radiant energy was measured at 800 and 1200
hours at weekly intervals throughout the growing season.
Analysis of variance and a general linear model procedure were
used to test differences among chlorophyll, dry matter, and photosynthetic conversion-efficiency. Significant differences amongcultivars and treatments were determined at 5% and 1% level by using
L.S.D.
Results and Discussion
Chlorophyll concentration (mg/g* dr wt) in different strains of
Old World bluestems at various phenological stages is shown in
Table I. Greater amounts of chlorophylls were recorded during
anthesis than during vegetative or flowering stages in all the
strains. Chl a/b ratio remained almost constant throughout the
growing season. Concentration of Ch& was always greater than
Chit,. Total chlorophyll (Ch&+b)peaked at anthesis (Table I), which
coincided with peak dry matter production in all the strains (Table
2). The percent of the total increase in chlorophylls between the
vegetative and late dough stage for Plains, Caucasian, “B”, “L”and
“T” was I l4%, l39%, l54%, I II%, and 164% respectively. During
this growth period, from vegetative to late dough stage, the percent
of the total increase in dry matter production of Plains, Caucasian,
“B”, “L” and “T” was 163%, 266%, 245%. 103% and 413%,
respectively.
l

Table 2. Relationship between chlorophyll and dry matter production in
Old World bluestems.

Species/blends
Develoomental
Vegetative
DM (kg/ha)
CHL (kg/ha)
DMjChl
Late dough
DM (kg/ha)
Chl (kg/ ha)
DMjChl
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staee

Developmental

Eastern

gama

Weeping

lovegrass

stage

grass

“8 13”

Vegetative
Chlb
Chl (a+b)
Chlajb

9.17
2.86
12.03
3.20

12.10
3.21
15.30
3.76

15.50
4.00
14.50
3.87

Boot
Chla
Chlb
Chl (a+b)

7.75
2.58
10.33

10.05
4.38
19.43

10.84
3.37
14.21

Chlajb

3.00

3.44

3.22

Late dough
Chla
Chlb
Chl (afb)
Chla/b

7.32
2.15
9.47
3.41

7.93
1.95
9.88
4.06

7.55
I .72
9.26
4.40

Ripe seed
Chla
Chlb
Chl (a+b)
Chla/b

7.38
2.00
9.30
3.68

4.74
1.24
6.00
3.81

3.65
I.01
4.65
3.63

“Morpa”

The dry matter/chlorophyll
ratio in Old World bluestems was
higher at the vegetative stage than at the late dough stage, indicating faster rate of increase in chlorophyll than dry matter at the late
dough stage. Other growth factors being adequate, the production
of dry matter in pasture crops depends upon the total leafarea that
is active in light interception and the amount of chlorophyll in the
exposed leaves. Brougham (1960) developed a simple index of
growth rate/ total chlorophyll to determine the relationship
between chlorophyll and dry matter production in a number of
dicotyledons and cereal plants. Bray (1960) found significant differences in chlorophyll content of diverse plant communities and a
positive linear relationship between chlorophyll and dry weight of
various stands of different plant communities.
Usually chlorophyll a,b and Chl a/b ratio decrease faster in
plants with maturity (Sanger 1971) due to the addition of more
fibrous materials and the breakdown of chlorophylls. This does
not seem to be the case with Old World bluestem plants at least up
to the time of peak dry matter production. However, both Chla
and Chlb in weeping lovegrass (Table 3) declined significantly
(P=O.Ol) towards maturity. The ratio of Chl a/b did not change
significantly except for a slight decline in the case of weeping
lovegrass during late dough and ripe seed stage. Maximum
amounts of chlorophylls in eastern gamagrass and weeping lovegrass were recorded during vegetative and boot stages, which did
not coincide with maximum amount of dry matter production in
these species (Table 4).
Table 4. Relationship between ehlorophyll and dry matter production in
eastern gama and two strains of weeping lovegrass.

Eastern gama
grass

Lovegrass
813

Lovegrass
morpa

311

Vegetative
DM (kg/ha)
CHL (kg/ ha)
DM/Chl

3850
46.3 I
83

3262
50.00
65

3380
49.00
69

II629
98
II8

Late dough
DM (kg/ha)
CHL (kg/ ha)
DMjChl

9860
93.38
I05

8575
84.72
IO1

8680
80.40
I08

Plains

Caucasian

“B”

“L”

“T”

5117

3911

3077

6181

2265

19.13

16.69

12.30

26.20

7.28

267

234

250

236

13462
IO8
124

14324
I45
98

10626
I08
98

12553
II3
III

Developmental
stage
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There was no significant increase (eO.05) in chlorophyll concentration of eastern gamagrass from vegetative to boot stage
(Table 3); however there was significant (PtO.01) increase (156%)
in dry matter production during the vegetative and late dough
stage (Table 4). DM/Chl ratio also increased from 83 to 105.
During the vegetative and boot stage, the increase in chlorophyll
concentration in lovegrass- I3 was about 27%; and in lovegrassMorpa, there was no change (Table 3). Dry matter of accession-8 I3
and of Morpa lovegrass increased about 162% from vegetative to
the late dough stage. Duringthe same period the DM/ Chl ratio for
813 increased from 65 to 101 and for Morpa from 69 to 108.
The DM/Chl ratio in eastern gamagrass and lovegrasses
increased from vegetative to late dough stage, indicating slower
rate of chlorophyll synthesis, but more dry matter per kg
chlorophyll.
All the species studied in this experiment are warm-season
grasses and operate on the Ci-photosynthetic
pathway. These
plants maintain higher rates of photosynthesis at high light intensity and at high temperature. However, there are differences in the
chlorophyll contents among these species and varieties that contribute to differences in dry matter production. Such differences
have been reported among both G- and G-plants (Bokhari 1976,
Rauzi and Dobrenz 1970, Black and Mayne 1970, Holden 1973,
Chang and Traughton 1972).
The relationship between chlorophyll and dry matter production is meaningful only when the leaf area that is active in interception of light is known. The shape, height, and orientation of leaves
along the vertical profile of the plant community are important
factors which contribute to the total dry matter production (Whittaker and Garfine 1962, Jahnke and Lawrence 1965).
Old World bluestem plants exhibited greater efficiency in conversion of solar energy into dry matter (Table 5) during July and
August at the time of peak standing biomass. During May and
June, the average efficiency of conversion was 0.42%, which
increased to 1.3%during July and August followed by a decline to
0.18% during September and October. There were varietal differences among different strains of Old World bluestems throughout
the growing season from May to August; however, these differences were not significant (eO.05) near the end of the growing
season. Average conversion efficiency for the growing season varied from a minimum of 0.54% for “B” blend to a maximum of
0.73% for Caucasian. Average conversion efficiency for all the Old
World bluestem strains was 64%. These values appear to be very
low compared to the total amount of energy received during a
given period of time; however, most ecosystems whether natural or
managed are inherently very inefficient in utilization of incident
solar irradiance. Ovington and Lawrence (1967) reported conversion efficiency of 0.32% and 0.35% for maize (Zeo muys L.) and
maize plus weed communities. Noble (1972) reported conversion
efficiencies for irrigated and nonirrigated pastures consisting of
perennial ryegrass (Ldiumperenne L.) and white clover (Trifolium
repens L.) for the period 1948-66. Maximum conversion efficiency
for irrigated pastures was 0.63% during 1960-61 and for nonirrigated pastures it was 0.54% during 1959-60 growing season. The
values found for Old World bluestem plants in this study are,
therefore, in general agreement with those from other studies.
Maximum conversion efficiencies of 1.12% in eastern gamagrass, 0.98% in 8 13 and 0.95% in Morpa lovegrasses (Table 6) were
recorded during July-August, and May-June respectively.

Seasonal average efficiency was 0.51% for eastern gamagrass
and about .44% for the two lovegrass strains. These values are
slightly lower than that for the Old World bluestems, but are
supported by the differences in dry matter production between Old
World Bluestem and lovegrass and between Old World bluestems
and eastern gamagrass.
The values presented here, do not include below ground production or consumption of dry matter by primary or secondary consumers, nor do they represent losses due to respiration. Here, the
conversion efficiency represents only the aboveground-harvestable
biomass which is potentially available for primary consumers during a given time interval including cattle and insects that feed on
aboveground biomass. The potential conversion efficiency would
be slightly higher if roots were included and losses were excluded.
The growth habit and morphological characteristics of Old
World bluestems are quite different from eastern gamagrass and
weeping lovegrass. Old World bluestems have erect growth habit
with the majority of the leaves in an upright position while leaves of
weeping lovegrass and eastern gamagrass are usually prostrate.
Plants with prostrate leaves have a greater opportunity to intercept
the incoming irradiance than plants with erect leaves. However, a
majority of the leaves in plants with prostrate leaves are shaded and
their efficiency is drastically reduced while in the case of erect
leaves that are not placed closely to each other, as is the case in Old
World bluestem plants, the efficiency of conversion is relatively
higher. For example, more than 60% of the incoming solar irradiance was intercepted by the upper foliage of lovegrass during
May-June, 50% by eastern gamagrass, and 35% by Old World
bluestems during July-August in the 1980 growing season. In this
study, chlorophyll analyses were performed on a representative
aliquot from a composite sample which included both the upper
and lower foliage. In future studies it will be interesting and useful
to divide the foliage into upper and lower compartments along the
vertical height of the plant and so do separate chlorophyll and light
interception studies to investigate the efficiency of conversion of
separate compartments.
Warm-season grasses are generally
believed to be more efficient utilizers of available resources than
cool-season grasses. However, the results of the study indicate that
even in the presence of adequately available resources, the solar
energy harvesting and assimilating capacity of these grasses may
actually be the limiting factor for increasing productivity. Chlorophyll, the solar energy harvesting apparatus in the leaves of these
grasses, does not appear to be limiting at any stage during plant
growth and neither is solar energy. In order to be able to incorporate the abundance of available solar energy into useful plant
products, genetic manipulation
of these grasses along with
improved management practices to maintain a desired level of
plant population is needed.

Table 5. Solar energy conversion-effiiiency (%) of Old World bluestems.
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Nutrient and Sediment Discharge
Southern Plains Grasslands

from

S.J. SMITH, R.G. MENZEL, E.D. RHOADES, J.R. WILLIAMS, AND H.V. ECK

Abstract
Amounts of nitrogen, phosphorus, and sediment were measured
in runoff from grassland watersheds in the Blackland Prairies,
High Plains, Reddish Prairies, and Rolling Red Plains land
resource areas of Oklahoma and Texas. Periods of study were 3 to
5 years and included treatments involving fertilization, cultivation,
and burning. Overall nutrient concentrations generally ranged
from 2 to 10 mg/l for nitrogen and 0.3 to 2 mg/l for phosphorus. In
most cases, less than half the nutrients existed as soluble forms in
the runoff water. Typically, annual sediment losses were less than
0.5 metric tons/ha. Corresponding losses for nitrogen and phosphorus were less than 5 and 2 kg/ha, respectively. In the case of
nitrate, more was received in precipitation than was lost in runoff.
Total nitrogen and phosphorus losses were strongly correlated
with sediment losses. Preliminary results using predictive techniques to estimate nutrient and sediment discharge from the
watersheds were encouraging. With proper management, the likelihood of any adverse environmental effects due to nutrient and
sediment discharge from Southern Plains grasslands appears
slight.
Increased demand for agricultural products is causing more
intensive use of Southern Plains grasslands. Such use includes
concentrated grazing, fertilization, and weed/ brush control. In
addition, a considerable area of marginal land shifts from grassland to cropland and vice-versa depending on wheat and cattle
prices. In Oklahoma and Texas, the major portion of the private
pasture and rangeland is listed by the Soil Conservation Service as
requiring some kind of conservation treatment (USDA 1965).
Thus, many of the grasslands are fragile, and studies to assess the
potential seriousness of erosion and water quality hazards associated with grassland practices are needed.
Discharge studies of nutrients and sediment from grassland
watersheds (Doran et al. 1981, Kilmer 1974, Menzel et al. 1978,
Neff 1982, Olness et al. 1975, 1980) can be utilized to (I) evaluate
soil fertility losses, (2) determine the effectiveness of management
practices for nutrient loss reduction, and (3) assess the environmental impacts of land use. In recent years the Water Quality and
Watershed Research Laboratory has conducted a series of cooperative watershed studies across Oklahoma and Texas to assess the
impact of various land uses on agricultural water quality. This
paper presents an overview of results obtained from grassland
watersheds in the Blackland Prairies (BP), High Plains (HP),
Reddish Prairies (RP), and the Rolling Red Plains (RRP) land
resource areas.
Study Area and Methods
Watersheds
Pertinent information about the watersheds is listed in Table 1.
They were selected to provide good representation of the land
Authors are soil scientists, retired agricultural engineer, USDA-ARS. P.O. Box
1430. Durant, Okla. 74702; hydraulicengr., USDA-ARS. P.O. Box 748, Temple,Tex.
76503: and soil scientist. USDA-ARS. Drawer 10. Bushland.Tex. 79012. resaectivelv.
This manuscript is a &ntribution from the S&thern Region. USDA; Ag&ultur&
Research Service.
Technical assistance by D. Meyerhoefferand W. Lonkerd, USDA-ARS, El Rena,
Okla; P. Koshi (retired), and W. Berg. USDA-AR% Woodward, Okla.; and 0. Jones,
USDA-AR% Bushland, Tex. is gratefully acknowledged.
Manuscript received September 27, 1982.
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resource areas, and encompass a range of soils, slopes, grasses,and
treatments. Size of the watersheds varied from 0.04 to 7.9 ha.
Periods of study were 3 years for the HP watersheds (1978-80), 5
years (1976-80) for the BP, W-IO watershed, and 4 years (1977-80)
for the remainder. Prior to the study, the BP watersheds were in
tame pasture or cropland, and all others were in good condition,
virgin grassland. Following initiation, grazing intensities varied
from none (HP) to double stocking (RP, FR-I). After 2 years,
one-half of the RP and RRP watersheds were planted to wheat.
Indicated grassland watersheds received specified surface broadcast applications of fertilizer in April. Wheatland watersheds
received fertilizer at the fall planting and additional N applications
in late February or early March according to soil tests.
Field Measurement and Sampling
Because of their small size (0.04 ha), runoff at the HP watershed
outlets was measured with a proportional splitting device. This
device collected about one-tenth of the total runoff. At the other
watershed outlets runoff was measured using precalibrated flumes
or weirs equipped with FW-I stage recorders. Sediment discharge
was determined from suspended sediment concentrations in samples taken automatically before, during, and after runoff peak flow
for each event. After comparison with the runoff hydrograph, the
samples tor a specific watershed were composited in proportion to
total flow to provide a single representative sample of liquid and
sediment for chemical analysis. Precipitation was determined from
raingages located on or near the watersheds. All runoff and precipitation samples for chemical analysis were refrigerated at 0 to 4’C
until analyzed. Additional information about the collection and
processing procedures is given in Menzel et al. ( 1978) and Smith et
al. (1982).
Laboratory Analyses
Aliquots of each composited runoff sample were centrifuged and
filtered thru 0.45~pm Millipore’ filters prior to nitrite-N, nitrate-N,
ammonium-N, total soluble P, and soluble reactive P determinations. Total N (TKN) and total P (TP) were determined on the
unfiltered composited runoff samples.
Chemical analyses for nitrite-N, nitrate-N, ammonium-N, and
TKN were conducted using standard methods as described in the
Federal Water Pollution Control Administration manual (USDI
1971). All P determinations
were made using the isobutanol
extraction method described by Golterman and Clymo (1969).
Color was developed by reducing the ammonium molybdate complex with ascorbic acid. Soluble reactive P cqnsisted of all soluble
P determined with the molybdate reagent without prior perchloric
acid digestion.
The runoffevents that were sampled and analyzed represent 95%
or more of the runoff during the study period. Nutrient concentrations are reported as flow-weighted means. Nutrient discharges
from individual storms were summed to calculate annual
discharges.
Results
Flow-weighted mean nutrient concentrations in runoff from the
watersheds are summarized in Table 2. Data are presented for both
‘Trade names are included for the benefit of the readerand do not imply cndorscmcnt
or preferential treatment of the product named by USDA,
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Table 1. Characteristics of the grassland watersheds for various years 1976 through 1980.

Resource
area
BP
(Riesel,
Tex.)

Watershed

Size
(ha)

Approx
slope
(%)

Total
events

Y-14

2.2

2

29

W-IO

7.9

2

19

SW-I

I

I.1

20

HP
(Bushland.
Tex.)

N.G.

0.04

4

S.G.

0.04

4

RP
(El Reno.
Okla.)

FR-I

1.6

3

I2

FR-2
FR-3

I.6
I.6

3
3

I4
I3

FR-4

1.6

4

I3

FR-5
FR-6
FR-7
FR-8

1.6
1.6
1.6
I.6

I5
I5
I8
I7

RRP
ww-I
(Woodward, Okla.)
ww-2
ww-3

4.7

ww-4

Maior soils

Maior grasses

Land use

Houston Black clay
(Udic Pellusterts)

Klein (Panicum coloratum)

Moderate graze

Coastal bermuda)
(Cynodon dactylon)
Harding wintergreen
(Phalaris acquatica)

Moderate graze’

Pullman clay loam
(Torrertic Paleustolls)

Moderate graze

Blue grama (Boutelow
gracilis and
Buffalo
(Buchloe dactyloides)

Idle

Little bluestem
(Andropogon scoparius)

Heavy graze (double stocking)
Moderate graze/fertilizer2
Moderate graze

Kirkland silt loam
(Udertic Paleustolls)

and
Big bluestem
(Andropogon gerardii) and
Sideoats grama
(Bouteloua curtipendula)

21

Woodward loam
(Typic Ustochrepts)

Sideoats grama
(Bouteloua curtipendula)

Moderate graze

5.5
2.7

35
22

and
Quinlan loam
(Typic Ustochrepts)

and
Hairy grama
(Bouteloua hirsuta)

Moderate grazes
Moderate graze to wheats

2.9

27

Bethany silt loam
(Pachic Paleustolls)
and

Idle

Moderate graze/fertilizer/
Spring burn)
Moderate graze to wheat’
Moderate graze to wheat”
Moderate graze to wheat4
Moderate graze to wheat4

Moderate graze to wheat6

‘160 kg N. ha surface broadcast in 1978.
56 kg N, ha surface broadcast in 1979. 80; 22 kg P&,/ha in 1980.
‘56 kg N. ha surface broadcast in 1979. 80; 22 kg P&/ha
in 1980.
April burn in 1979 prior to fertilizing. 0.6 kg/ha 24D applied in May. 1980. but not runoff events occurred til following year.
‘Planted to wheat since fall 1978. fertilized according to soil test for 40 quintals/ha yield goal.
538 kg N ha. 22 kg P&1 ha in 1980; May and Sept. defer grazing.
OPlanted to whet since fall 1979, fertilized according to soil test for 40 quintals/ ha yield gml.

unfertilized and fertilized grasslands. For comparative purposes,
data for associated recommended-practice croplands (Sharpley et
al. 1982) are included. Overall nutrient concentrations generally
ranged from 2 to 10 mg/l N and 0.3 to 2 mg/l P. In nearlyall cases,
less than half the nutrients existed as soluble forms in the runoff
water. The RP fertilized grasslands had the highest mean nitrate-N
and also ammonium-N concentrations, 3.2 and 2.6 mg/l, respectively. due to a major runoff event shortly after broadcast application of 56 kg N/ha as ammonium nitrate. The relatively high mean
ammonium-N
concentrations
( I .23 mg/ I) for unfertilized HP
grasslands are attributed to ammonia drift from a nearby cattle
feedyard. Highest mean soluble P concentrations (0.67 mg/l)
resulted also from these ungrazed grasslands, and likely reflect P
leaching from dead vegetation.
Highest mean sediment nutrient (TKN and TP) concentrations
were about 9 mg/ I TKN for the RRP croplands and 2 mg/ I TP for
the HP croplands. Generally, the fertilized grasslands and croplands had sediment nutrient concentrations one to several-fold
higher than respective unfertilized grasslands.
Annual mean amounts of nutrients discharged from the
watersheds are summarized in Table 3. Since the amounts are so
low, data for the unfertilized and fertilized grasslands withina land
resource area are combined. Nutrient form losses for the grasslands were usually< I kg/ ha, and the main differences were the one
to several-fold increased sediment nutrient losses (TKN and TP)
for the croplands. Such findings are generally consistent with
single-season observations (Olness et al. 1975) involving grassland
436

and cropland watersheds in central Oklahoma.
Annual precipitation, runoff, and sediment discharge for the
watersheds are summarized in Table 4. Overall, rainfall amounts
during the study period were fairly close to the long-term averages.
Again, within a land resource area, runoff and sediment discharge
for unfertilized and fertilized grasslands were similar, so respective
amounts have been combined. For the grasslands, annual runoff
ranged from I to 14 cm, compared to 4 to 12 cm for the croplands.
The most runoff occurred on the BP watersheds, which are located
on the slowly permeable Houston Black clay. Grassland sediment
discharge was highest (787 kg/ha) on the steeper RRP watersheds.
As would be expected, annual cropland sediment discharge was
considerably higher than the grassland sediment discharge, but
none of the croplands yielded more than 3,100 kg/ ha. The SCS
tolerable annual soil loss limits for the RRP and other watersheds
are approximately 5,550 and I 1,100kg/ ha, respectively*. It should
be noted that the grassland watersheds in this study were all in
good condition prior to initiation of the study. On eroded, continuously grazed watersheds of central Oklahoma, annual sediment
discharge as high as 23,000 kg/ha as been observed in a wet year
(Olness et al. 1975).
Discussion
Over the relatively short period of this study (3-5 years) specific
*‘K and T Factors and Hydrologic Groups of Soils in the South Region” SCS,
Stillwater. OK (File copy dated 10-79).
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Table 2. Flow-weighted

mean nutrient concentrations

(mg/liter) in runoff from representative watersheds.

No. watersheds

Period

No&N

NO&N

HP

2

1978-80

RP

2

1977-80

RRP

I

1977-80

0.038
(0.063)*
0.023
(0.130)
0.015
(0.200)

0.500
(0.810)
0.220
(0.380)
0.213
(0.370)

BP

3

1976-80

RP

2

1979-80

RRP

I

1979-80

0.214
(5.80)
0.028
(0.190)
0.009
(0.032)

I.474
(13.0)
3.18
(11.2)
0.249
(1.08)

BP’

3

1976-80

0.082
(1.48)
0.042
(0.105)
0.099
(0.610)
0.014
(0.095)

2.67

Resource

area

HP’

3

1978-80

RP

4

1979-80

RRP

2

1977-80

NH;-N

TKN

Unfertilized Grasslands
1.230
4.39
(2.90)
(8.74)
0.208
I .66
(0.670)
(2.86)
0.210
2.80
(0.530)
( 15.28)
Fertilized Grasslands
0.647
2.67
(14.28)
(24.5)
2.59
4.00
(11.5)
(8.9)
0.147
3.70
(1.55)
(7.47)
Croplands
0.08 I
(0.590)
0. IO8
(0.540)
0.549
(14.2)
0.335
(5.52)

(28.4)
0.553
(5.05)
1.84
(9.23)
0.266
(9.20)

4.73

TP

(17.6)
7.83
(22. I)
8.83
(21.6)

React.

P

0.780
(0.850)
0.204
(0.450)
0.764
(9.940)

0.670
( 1.030)
0.109
(0.230)
0.174
(0.340)

0.626
(0.850)
0.087
(0.2 IO)
0.158
(0.330)

0.412
(1.711)
0.448
(2.667)
1.700
(4.416)

0.082
(0.273)
0.339
( I .258)
0.128
(0.439)

0.073
(0.212)
0.301
( 1.247)
0. I05
(0.452)

I .385

0.052
(0.109)
0.138
(0.454)
0.309
(7.760)
0.120
(1.724)

0.050
(0.1 IO)
0.123
(0.436)
0.291
(2.590)
0. I04
(1.399)

(20.6)
6.38

Sol. P

(5.514)
2.085
(6.660)
I.648
(9.200)
I .553
(4.097)

lBPcropland watershedsare in a cotton-oats-sorghum rotation. HP cropland watersheds are ina wheat-sorghum-fallow rotation. Additional detailsabout the cropland watersheds are given in Sharpley et al. 1982.
*Values in parenthesis are the highest concentrations observed.

water quality effects due to some management factors, such as
stocking rates, deferred grazing, herbicide application, and grass
species were not evident. This is in agreement with earlier indications (Menzel et al 1978) that many water quality, land-use studies
in the Southern Plainsare best designed to operatefor long periods

(IO years or more). In particular, long-term information is needed
for testing models to predict watershed behavior regarding nutrient and sediment discharge. Nevertheless, certain important
water quality observations are fairly obvious. From an environmental and range management standpoint, discharge of both nut-

Table 3. Mean annual amounts (kg/ha) of nutrient discharge from watersheds.

Resource

area

No. watersheds

Period

NO&N

NO&N

NH:-N

YKN

TP

Sol. P

BP
HP
RP
RRP

3
2
4
2

1976-80
1978-80
1977-80
1977-80

0.3
0.0
0.0
0.0

2.3
0.1
0.3
0.0

Grasslands
I.1
0.1
0.3
0.0

4.3
0.5
0.8
0.8

0.6
0.1
0.1
0.2

0.12
0.08
0.04
0.06

BP
HP
RP
RRP

3
3
4
2

1976-80
1978-80
1979-80
1979-80

0.1
0.0
0.0
0.0

3.5
0.3
0.5
0. I

Croplands
0.1
0.1
0.1
0.1

4.2
3.3
I.8
I.8

I.7
1.2
0.5
0.02

0.06
0.08
0.06
0.0 I

Reactive

P

0.10

0.07
0.04
0.06

0.06
0.07
0.06
0.01

Table 4. Mean ammal amounts of rainfall, runoff and sediment discharge for watersheds.

Rainfall
Resource

area

Period

No. watersheds

Long-term

Study

period

Runoff

----------cm
Grasslands
BP
HP
RP
RRP

3
2
4
2

1976-80
1978-80
1977-80
1977-80

86
46
75
61

BP
HP
RP
RRP

3
3
4
2

1976-80
1978-80
1979-80
1979-80

86
46
75
61

‘The !c values represent

single standard
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deviations

Sediment
kg/ ha

95
43
74
65
Croplands
95
43
74
65

I4 f3’
I.2ztO.2
3.6f0.4
1.61tl.3

686zt539’
56f 63
46f 22
787f990

I2 f4
6.M0.5
2.4ztO.6
2.5f0.4

3004zt I765
2285f
120
4lM
132
517f 199

of the means.
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Table 7. Sediment discharge results obtained using the Modified Universal
Soil Loss Equation.’

Table 5. N received in annual rainfallI.

Resource area

NO&N

NH&N

NH;-N

NO&N

Average sediment discharge/event
-mg/
BP
HP
RP
RRP

-kg/ha-

I0.35
1.20
0.40
0.55

0.33
0.46
0.58
0.53

Watershed

3.0
5.0
2.9
3.6

2.7
1.9
4.3
3.5

Q=EXCXQ.XA
where Qr = soluble P, kg/ha, in runoff, EXC= general extraction
coefficient for soil P, Qs = soluble P, kg/ ha, in top 1-cm of soil and
A = runoff amount in cm. They were alsoable to show (Sharpleyet
al. 1981) that soluble P concentrations
in runoff were an inverse
exponential function of the respective sediment concentrations.
Consequently, accurate prediction of soluble P losses from Southern Plains grasslands seems feasible.
Both sediment N (TKN)and P (TP) losses were related quite well
to sediment discharge. This is illustrated in Table 6, where regression data are presented for a range of the watersheds. In the
absence of this type information, Menzel(l980) has shown thatan
enrichment ratio (ER) procedure can be used as an alternative in
predicting sediment N and P losses. In the case of P, Sharpley et al.
(1982) obtained good prediction of sediment P losses from the

r

S

-kg/ha-

'197740.averageannual N values.
rients and sediment
from the grasslands is considered slight. A
similar case exists for the grasslands coverted to croplands,
although subsequent nutrient discharge did increase. If a runoff
storm occurs shortly after tillage, recommended fertilizer application, or a spring burn, temporarily high nutrient concentrations
may result, but the concentrations tend to approach background
levels within a few runoff events. Liberal fertilizer P surfacebroadcast rates (e.g. 75 kg P/ha), however, may extend the
increased soluble P runoff concentrations for several months
(Olness et al. 1980). In any case, magnitude of the annual nutrient
losses tends to be very low, generally less than a kg/ ha of nutrient.
Surface runoff losses of more than 5% of an applied nutrient would
be very rare. This has been the case in central Oklahoma even when
surface runoff was 4 to IO-fold greater than that observed in
previous years (Olness et al. 1975).
In most cases, soluble N concentrations in runoff were well
below recommended potable limits (i.e. 10 and 0.5 mg/l, respectively, for nitrate-N and ammonium-N). Furthermore, the soluble
N concentrations in runoff were typically less than corresponding
values in rainfall (Table 5). This means the watershedsact as a filter
in removing soluble N, and suggests there would be little point in
trying to predict the soluble N runoff losses on the basis of soil
fertility characteristics.
Soluble P concentrations in runoff were generally above theO.O I
mg/l “critical” level (Sawyer and McCarty 1967) suggested as
sufficient for eutrophication of standing waters. This is true even
for the ungrazed, virgin HP grasslands, indicating that such “critical” levels are a natural occurrence.
Recently, Sharpley et al. (1982) have been successful in predicting soluble P losses from these watersheds using the following
equation:

Measured

Equation

Y-14 (Kleingrass)

29

23

0.94

I.31

W-IO (Coastal
bermudagrass)
Y-8 (cot-sorg-oats
rot.)

169

152

0.95

I .09

364

360

0.99

0.96

Il976/77-1980.

Watershed Y-8 is described in Sharpley et al. (1982).

watersheds using total P content of the surface soil and ER’s
calculated from sediment discharge.
With regard to prediction of sediment discharge, preliminary
results (Table 7) with the Modified Universal Soil Loss Equation
(Williams 1975) are promising. This equation, which incorporates
a runoff energy factor, allows prediction of sediment discharge on
an event basis, a necessary feature for water quality modeling. In
the equation:
Y=

Il.8

(Q~P)‘,~

KCPSL

where Y = sediment discharge in metric tons, Q= runoff volume in
m3,9p = peak runoff rate in m3/ set, K= soil erodibilityfactor, C=
crop management factor, P = erosion control-practice factor and
SL = slope length, gradient factor. A more detailed treatment
regarding specific use and applicability of the above equation for
the watersheds is in preparation.
Conclusions
Overall, the relatively short-term results (3-5 years) with these
Southern Plains watersheds indicate ndtrient and sediment discharge are posing no particular problems. We emphasize, however,
that these short-term results should not be interpreted as indicative
of the long-term situation. Nevertheless, the annual sediment discharges were all within tolerable limits. Less soluble N was in
runoff than was received in rainfall. Of applied N and P, <5%
tended to be lost in runoff. However, runoff concentrations of the
nutrients may be increased considerably (i.e. several fold) if runoff
occurs shortly after fertilization or burning. The amounts and
concentrations tend to decrease quickly, although the effect of P
persists longer than that of N. Preliminary results using predictive
techniques to estimate nutrient and sediment discharge from the
watersheds are encouraging.
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TP
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r

Watershed
SW-I

I (Harding

wintergreen)
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Y-8 (cot-sorg-oats

rot.)

S

int

r

S

int
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0.025

0.92

0.005

0.002

0.92
0.95
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0.001 I

0.078
0.318

0.97
0.94

0.005
0.003

0.009
0.053

~1977-80.
Watershed Y-8 is described in Sharpley et al. (1982).

438

JOURNAL

OF RANGE MANAGEMENT

36(4), July 1983

492 In: ‘*CREAMS-Field
scale model for chemical, runoff and erosion
from agricultural
management
systems.” USDA-ARS
Conserv. Res.
Dep. 26.
Menzel, R.G., E.D. Rhoades, A.E. Olness, and S.J. Smith. 1978. Variability of annual nutrient and sediment discharges in runoff from Oklahoma cropland and rangeland.
J. Environ. Qual. 7:401-406.
Neff, E.L. 1982. Chemical quality and sediment content of runoff water
from southeastern
Montana rangeland.
J. Range Manage. 35:130-132.
Olness, A., S.J. Smith, E.D. Rhoades, and R.G. Menzel. 1975. Nutrient
and sediment discharge from agricultural
watersheds in Oklahoma.
J.
Environ. Q. 4:331-336.
Olness, A., E.D. Rhoades, S.J. Smith, and R.G. Menzel. 1980. Fertilizer
nutrient losses from rangeland watersheds in central Oklahoma.
J. Environ. Qual. 9:81-86.
Sawyer, C.N., and P.L. McCarty. 1967, Chemistry for sanitary engineers
Second ed. McGraw-Hill
Book Co., New York.
Sharpley, A.N., R.G. Menrel, S.J. Smith, E.D. Rhodes, and A.E. Olness.
1981.-The sorption of soluble phosphorus
by soil material during trans-

port in runoff from cropped and grassed watersheds. J. Environ. Qual.
IO:21 l-215.
Sharpley,
A.N., S.J. Smith, and R.G. Menzel. 1982. Prediction
of
phosphorus
losses in runoff from Southern Plains Watersheds. J. Environ. Qual. Il:247-251.
Smith, S.J., P.B. Allen, and F.R. Schiebe. 1982. Acquisitionand
quality of
watershed data from the Southern Plains Watershed and Water Quality
Laboratory.
p. 104-t 10. In; The Quality of Agricultural
Research Service
Watershed and Plot Data, USDA, ARM-W-31.
U.S. Department
of Agriculture.
1965. Soil and water conservation
needs-a
national inventory. USDA Misc. Pub. 971. Washington,
D.C.
U.S. Department of Interior. 1971. FWPCA methodsforchemicalanalysis
of water wastes. FCN 16020-7/ 7 I. Nat. Environ. Res. Center, Anal. Contr. Lab., Cincinnati,
Ohio.
Williams, J.R. 1975. Sediment yield prediction with Universal equation
using runoff energy factor. p. 244-252. In: “Present and Prospective
Technology
for Predicting
Sediment Yields and Sources. ARS-S40.
USDA.

To increase carrying capacity, improve forage
quality and extend the pasture season, plant..
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Perma-Pel Horse
Pasture Seed Mix
A special blend of tender, hardy
grasses that are favored by
horses and provide good protein
forage and inexpensive TDN that
saves on hay and grain costs.
Grass seeds are selected for
plants that grow good sod pastures, to reduce plant damage
from trampling by horses with
good pasturemanagement.There
are no clover seeds in this mix.

Petma-Pel Cattle
and Sheep
Pasture Seed Mix
A special blend with grasses,
clovers and sub-clovers and
other legume seeds to grow
pastures that put efficient, economical weight gains on cattle
and sheep. Special care is taken
in this mix to add plants that
reduce the danger of bloat, so
long as a balanced grass population is maintained.

One bag plants one acre.
Perma-Pel Pasture
Seed Mixes are conveniently packaged
in bags designed for
planting one acre.
Both grass and
legume seeds are
coated with additives
that enhance the
microenvironment
of
the soil surrounding the seed and
Promote a high emergence rate. The
extraweightofthiscoatingalsoanchors
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theseedtothegroundandcamouflages
the seeds to prevent loss from birds
while awaiting germination. All legume
seeds are also coated with Rhizo-Kote
to innoculate the seed with rhizobia
(soil bacteria) to assure proper nitrogen
fixation of the legume plants.
Look for this special Perma-Pel Pasture
Seed Mix at your local seed dealer.

RAMSEY SEED, INC.
P.O. Box 352, Manteca, CA 95336
(209) 823-1721
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Nonstructural Carbohydrate and Crude Protein in Pinegrass Storage Tissues
DARRYL G. STOUT, MICHIO SUZUKI, AND B. BROOKE

Abstract
Nonstructural carbohydrates in storage tissues of pinegrass
(Culumugrostis rubescens Buckl.) consist of sucrose, glucose, fructosan, and starch. The predominant polymer is a long-chain fructosan. An acid-extractable structural carbohydrate appeared to be
xylan. Total nonstructural carbohydrates (TNC) of rhizome plus
root tissue decreased during May, reached a minimum value during late May to early June, increased until late June, remained
constant until late August, and then increased until November.
The TNC level of crown tissue was low during May and early June
and reached a peak during July and again in the fall. The crude
protein concentration of rhizome plus root tissues was relatively
constant throughout the season. Rhizome plus roots accumulated
the largest amounts of TNC and crude protein.
Stored organic compounds, such as carbohydrates, fats, and
proteins, serve as food reserves for plants at times when photosynthesis cannot supply sufficient material for maintenance and
growth (Trlica 1977, White 1973). These reserves must provide a
source of energy and a source of molecules for growth when plants
are completely defoliated; however, a definite role in regrowth of
partially defoliated plants has not been proved (May 1960, Jameson 1964). In addition to a role for reserves in regrowth of completely defoliated plants, reserves are utilized by perennials during
the winter (Menke and Trlica 1981).
Root reserves typically decrease following harvest of aerial
growth, and this decrease implies a role for reserves in regrowth.
Whether or not reserves are used directly for regrowth, reserve
level may serve as a measure of plant vigor following grazing
(Trlica 1977).
Grasses can be classified on the basis of the type of nonstructural
carbohydrates (NC) that are accumulated: starch or fructosan
accumulators (Smith 1968). Furthermore, they are classified
according to the type of structural carbohydrate (SC); xylose is the
predominant SC component in fructosan containinggrasses, while
glucose is the predominant SC component in starch containing
grasses (Ojima and lsawa 1968).
Pinegrass (Calamagrostis rubescens Buck].) is an important
source of forage on the forest ranges of British Columbia (McLean
et al. 1969). Simulated grazing studies have established that pinegrass is most sensitive to herbage removal during July (Freyman
1970, Stout et al. l980), and that a pinegrass stand will deteriorate
under simulated intensive grazing practices, such as clipping
biweekly from May I5 to September I5 to a stubble height of 5 or
IO cm (heavy and moderate grazing intensities respectively) (Stout
et al. 1981).
The objectives of this study were to determine: (I) type of
carbohydrates stored: (2) seasonal pattern of carbohydrate and
crude protein levels; and (3) morphological distribution
of
carbohydrate and protein reserves in pinegrass.
D.G. Stout and B. Brooke are with Agriculture
Canada.
Research Station. 3015
Ord Road,
Kamloops.
B.C. V2B 8A9: M. Suzuki
is with Agrictthure
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Material and Methods
Identification of the Carbohydrate Storage Form(s) in Pinegrass
Pinegrass rhizomes were collected from the field in October and
planted in 4-liter plastic pots containing loam, sand, and peat in the
ratio of 1: l:l. Tiller growth and development occurred during a
3-month period in a growth chamber with a l6-hr photoperiod, a
light energy of 90 Wme2 provided by fluorescent (Vita-Lite, DuroTest Corp., U.S.A.) and incandescent lamps, a day temperature of
20 f I C, and a night temperature of l8f I C. Tillers in I2 pots were
then clipped to a 5-cm stubble height at 2-wk intervals during a
6-wk period. Tillers in 12 other pots received no clipping treatment
during the 6-wk period. Following the 6-wk treatment period, 3
replicates of each treatment were harvested; each replicate consisted of 4 pots. A completely random design was used for this
experiment.
Plant material was harvested and divided into crown and rhizome plus root fractions. Crown tissue was defined as the I.5 cm
portion of the tiller above its point of attachment to the rhizome.
The crown sample included the growing point plus about 8 stem
nodes, the attached scale leaves, and sheaths of at least 4 aerial
leaves. The rhizome plus root fraction contained the rhizome and
all of the attached fibrous root material that could be collected.
Crown and rhizome plus root tissues were washed with cold water,
freeze-dried, and ground to pass through a 40-mesh screen. Reducing sugars, total sugars, fructosans, starch, and H&04 extractable
structural carbohydrates (SC) were then measured. To characterize the relative contribution of rhizomes and roots to the rhizome
plus root tissue, on 2 dates the rhizome plus root tissue was
separated into rhizome and fibrous root tissues following washing.
Dry weight, TNC and crude protein were determined for each type
of tissue.
Similar chemical measurements were also made on crown tissue
harvested from a native stand of pinegrass in May, June, and
October, 1978. For this study, tissue samples from 2 of the 6
replicates of the seasonal trend study were used.
Seasonal Trend of TNC and Crude Protein in Pinegrass Crowns
and Rhizome Plus Roots
In 1978, a 0.2-ha area of land immediately adjacent to the Poison
Creek study site (Stout et al. 1980) was fenced to keep out cattle.
Six 20 m2 plots were identified within the 0.2 ha area. Samples were
collected on 20 dates from May 15, 1978, to October 23, 1979.
Pinegrass sods (to a depth of IO cm in the mineral soil) were dug
from a subplot (0.5 to 0.8 m*) within each 20 m2 plot. The subplots
were harvested according to a completely random design. The bulk
of the adhering soil was removed from the sods and the plant
material was put into plastic bags and transported to the laboratory on ice. Sods were washed with cold water and crown and
rhizome plus root samples were prepared as above, with the exception that drying was done in a forced air oven at 6oOC. TNC and
crude protein content were then measured.
Distribution of Dry Weight, TNC, and Protein in a Pinegrass
Tiller
On July 16, 1979, four areas (400 to 900 cm2) of pinegrass sods
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TNC was calculated by adding the values from the separate analyses for total sugars, fructosan and starch.
Percent nitrogen was determined by a micro-Kjeldahl
method
(AOAC 1975) and crude protein content was calculated by multiplying percent nitrogen by 6.25 (Heath et al. 1973). Pace et al.
(1982) report that 10 to 60% of plant nitrates will bedetected by the
Kjeldahl method. Thus if nitrate concentration
is high, the crude
protein level could be over-estimated.

Results and Discussion
PPC

PPC-PDpw
0

ehromnt~mph

Quontitotiw

datwmimtk4

PPC

Fig. 1. Diagram of carbohydrate analysis.

were harvested. The number of tillers in each area were counted.
Plant material in each area was then divided into six fractions:
rhizome plus root, crown and top tissue sections of 2.5 cm to 5 cm,
5 cm to 10 cm, 10 cm to 15 cm, and greater than 15 cm. Dry weight,
TNC and crude protein measurements
were made on each fraction.
Chemical Analysis
Sugars were extracted from freeze-dried
and pulverized plant
tissues with 80% ethanol (Fig. 1). The reducing powers of the
ethanol extract before and after hydrolysis with 0.2N HeSO at
1000 C for 1 h weredetermined
by autoanalysis (Suzuki 1971a) for
quantification
of reducing sugars and total sugars respectively. The
alcohol insoluble fraction was extracted with water, and fructosan
in the water extract was determined
by an automated
method
(Suzuki 197 I b). The plant residue, after removing fructosan, was
incubated with a buffer solution containing amyloglucosidase
to
hydrolyze and extract starch (Dekker and Richards 1971). The
reducing power of glucose resulting from the hydrolyzed starch
was determined by autoanalysis (Suzuki 197 la). The residue after
the enzyme extraction was treated with 1N HaSO4 to extract acid
soluble structural carbohydrates.
Sugar components
of the acid soluble SC fraction (hemicellulose) as well as of the ethanol-, water- and enzyme-extracts
of the
NC were identified by paper chromatography
(Suzuki 1971b).
Polysaccharides
in the water extract stayed on the baseline of the
chromatogram.
The baseline band was cut out, eluted with water,
hydrolyzed with 0.2N HeSo and rechromatographed
to identify
sugar components
of the polysaccharides.
The TNC was determined
by shaking tissue sample with water
for 1.5 h, hydrolyzing
the water extract with 0.2N H2SD4 and
measuring the resulting reducing sugars (Nelson 1944). Also, the

Nonstructural
carbohydrates
of pinegrass consisted of sugars,
fructosan
and starch (Table 1). Paper chromatography
of the
ethanolsoluble
fraction revealed that sucrose was the predominant
free sugar followed by glucose and fructose, the proportion being
approximately
4:2: 1. The water extract contained a polysaccharide
and paper chromatography
after acid hydrolysis indicated that it
consisted of fructose moieties with trace amounts of sucrose and
glucose, indicating a fructose-polymer
or fructosan (Suzuki 1968).
Chain length or degrees of polymerization
(D.P.) of a fructosan
can be estimated by calculating the ratio of fructose to sucrose or
glucose. Pinegrass fructosan
has a D.P. of approximately
60.
Timothy fructosan, phlein, has a D.P. of 88 (Suzuki 1968). Therefore, pinegrass fructosan has a shorter chain length than timothy
fructosan but a longer chain length than many other grass species
such as Lo&m, Poa, and Festuca spp. (Suzuki 1968). Although a
further study is required to measure the actual chain length, pinegrass undoubtedly
contains a long-chain fructosan like that of a
related species, Culumagrosris canadensis (Michr.) Beauv. (Smith
1968).
Pinegrass also contained starch, but it did not exceed 11% of
fructosan or 3% of TNC (Table I). When a statistically significant
effect of clipping occurred, it occurred as a decrease in a particular
sugar fraction. Most sugar fractions showed a lower mean value
for clipped tillers than for nonclipped
tillers, and it seems most
probable that lack of statistical significance was related to small
sample size rather than to lack of a clipping effect. There was no
indication that herbage removal would alter the relative relationship between total sugars, fluctosan and starch. In addition, the
same relationship
between total sugar, fructosan and starch was
observed for field grown plants harvested at different times during
their growth cycle. Therefore, fructosan is the major carbohydrate
polymer storage form in pinegrass, and this will not be greatly
altered by growth conditions or stage of plant development.
The major constituent
sugar of the acid extractable fraction of
SC in temperate and tropical grass species is xylose and glucose
respectively
(Ojima and Isawa 1968). Paper chromatography
showed that the acid extractable
SC of pinegrass contained only
xylose. Glucose, fructose, galactose, arabinose, or any other possi-

Table 1. Concentration (percent of dry weight) of nonstructural carbohydrate constituents and acid extractable structural carbohydrates in storage tissues
of pinegrass as influenced by clipping and three sampling dates.

Treatment
or date
collected
Control
Clipped

May IO 78
June 07 78
Ott I7 ‘78

Starch

TNC*

Structural
carbohydrates
(acid extractable
fraction’)

0.23
0.14
0.18
0.14

c
a
b
a

12.1 a
II.9 a
8.3 a
8.5 a

9.0
II.1
8.0
9.7

0.13 a
0.13 a
0.11 a

5.7 b
4.2 a
7.6 c

Nonstructural carbohydrates
Reducing
sugars

Tissue
Crown
Rhizome plus root
Crown
Rhizome plus root

4.2
2.5
2.6
I.5

b
ab
ab
a

Crown
Crown
Crown

0.6 a
0.8 a
0.8 a

Total
sugars

Fructosan

Growth-chamber-grown
2.3 ab
9.6 b
4.7 c
7.0 ab
1.6 a
6.6 ab
3.1 b
5.3 a
3.8 a
2.9 a
5.0 b

Field-grown Plants
I.8 a
1.2 a
2.5 b

Plants
b
c
a
b

10.2 a
10.9 a
10.5 a

1For the growth-chamber experiment each value is the mean from three samplesand for the field experiment each value is the mean from two samples.Different letters indicate
significant differences within a column for a particular experiment at P = 0.05 (Duncan’s miltiple range test).
‘TNC = starch + fructosans + total sugars.
JThis fraction contained a large amount of xylan.
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Table 2. Relative contribution of rhizomes and roots to the dry weight,
TNC, and crude protein content of the rhizome plus root tissue.

Rhizome
Measurement

A’

Dry weight (mg/tiller)

TNC concn. (% of dry wt)
Crude protein concn
(% of dry wt)

Fibrous
B2

CROWNTISSUE
1970 0
1979 8

roots

A’

54f I
l3f 4
7.8 + 0.4 - - 4.4
5.6 k 0.1

59f 4
--5.8

IO

8

I LS%os

B2
17f I
9.3 f 0.4
4.2 f 0.4

‘Samples collected from the field August 2. 1978. Values are x f SE (n = 2) for dry
weight and E (n = I) for protein.
*Samples collected from the field October I. 198 I. Values are z
SE (n = 6) for dry
weight and X f SE (n = 3) for TNC and protein.

E

2

P

6

ble sugar component of acid extractable SC was not detected with
the chromatography. A SC polymer consisting of xylose only is
xylan (Bailey 1973); thus pinegrass appears to contain xylan. In the
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growth chamber experiment, the concentration
of xylan decreased
slightly when pinegrass was clipped (Table 1). However, the field

grown plants showed a constant value, about 10% of dry weight,
regardless of harvest date.
A water extraction method appears to be better than an acid
extraction method for extracting the TNC from pinegrass.
Although starch is not extracted with water, it contributes only a
small amount to pinegrass TNC, while a much larger amount of
xylan will be extracted with an acid, which will cause a greater
error in determination of TNC (Table I).
Rhizome tissue contributed most (76 to 82%) of the dry matter
weight to the rhizome plus root fraction (Table 2). Fibrous roots
contained a higher concentration of TNC than did rhizomes. This
contrasts with bromegrass; Watkins (1940) reported that rhizomes
contained more TNC than did roots when plants were not shaded,
and that rhizomes and roots contained about the same level of
TNC when plants were shaded. Pinegrass rhizomes contained a
higher concentration of crude protein than did fibrous roots (Table
2). This observation is consistent with the results reported for
shaded bromegrass (Watkins 1940).
Evidence suggests that stem bases, including rhizomes, serve as
the main storage organ of perennial grasses and that TNC of roots
may not be mobilized for shoot regrowth (White 1973). However,
since fibrous roots represented only a small fraction of our rhizome
plus root sample, it was not judged necessary to remove the roots.
Rhizome plus root TNC of pinegrass decreased during May,
reached a minimum level during late May to early June, then
increased during June, and then reached a summer maximum
during the latter part of June. At this study site, pinegrass dry
matter production is known to cease during the first half of July
(Stout et al. 1980). Pinegrass flowers infrequently and thus TNC
levels are not easily related to phenological development. At this
site leaf number/tiller and leaf area reach a maximum by midJune. From June the TNC level remained constant until late
August. It then increased from late August until November; fall
Table 3. Distribution

Top Tissues
above I5 cm
IO to 15 cm
5 to IOcm
I.5 to 5 cm
Crown
Rhizome plus roots
Total

APR

MAY JUN

JUL

AU0

SEP

OCT

NOV

Fig. 2. Seasonal trend of TNC concentration

in pinegrass crowns and
rhizome plus roots. Each value is the mean of 6 replicates.

regrowth typically occurs during this period (Stout et al. 1980). The
lower level of TNC on May 10, 1979, compared to that on
November 1, 1978, indicates that pinegrass carbohydrate reserves
are depleted during winter and during spring regrowth.
The TNC seasonal pattern of crowns was quite erratic, although
it showed some similarities to the TNC pattern of rhizome plus
roots (Fig. 2). Both years, the lowest TNC levels occurred in May
and the highest levels tended to occur in the fall. Menke and Trlica
(198 1) reported similar TNC patterns for roots and crowns of all
species studied, including Pea and Agropyron
spp. However, TNC
in rhizome plus roots of pinegrass were higher than in the crowns
(Fig. 2). It is interesting that during 1978 the TNC level tended to
increase during July and August, while in 1979 the TNC level
decreased during July and August. July rainfall and temperatures
were very similar during July of 1978 and July of 1979, but August
of 1979 was drier and hotter than August of 1978.
Crown tissue crude protein was high early in the spring, reached

of dry weight, TNC, and crude protein among pinegrass tissues.

TNC

Dry wt.

Tissue category’

I
’ 5205PS205205205205W5~

mgi
tiller2

Dist’n.
(% of total)

25 f 4
IOf I
IOf I
8f I
IOf I
71 f 20
134

18.5
7.4
7.4
5.9
7.4
53.4
loo.0

Crude protein

% of
dry wt.2

mgl
tiller

Dist’n
(% of total)

7.7 f
6.7 f
7.5 f
8.0 f
7.5 f
5.5 f

1.93
0.67
0.75
0.64
0.74
3.91
8.64

22.3
7.8
8.7
7.4
8.6
45.2
100.0

0.4
0.5
0.8
0.4
0.4
0.5

% of
dry wt.2
5.4 f
3.4 f
2.7 f
3.7 f
3.4 f
4.9 f

0.3
0.3
0.2
0.1
0.2
0.6

mgl
tiller
1.35
0.34
0.27
0.30
0.34
3.48
6.08

Dist’n
(% of total)
22.2
5.6
4.4
4.9
5.6
57.3
___.
IOO.0

lSods of 65Of 150cm2 having l362f 239tillers permZweredug on July 16,1979.The toptissues weredivided into theindicatedsections,measuringfromthecrown. Thecrown
tissues included the lowest 1.5 cm section of tillers.
2The values are x f SE for n = 4 plots.
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and fructosan concentrations varied. The summer maximum level
of rhizome plus root TNC occurred at or before the critical grazing
period in July (Stout et al. 1980); however, crown TNC reached a
peak in July. The crude protein concentration of crown tissues was
at a minimum level in July, while the rhizome plus root crude
protein concentration increased to a summer maximum during
July.
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Fig. 3. Seasonal trend of crudeprotein concentration

inpinegrass crowns
and rhizome plus roofs. Each value is rhe mean of 6 replicates.

a minimum

in late June, and then increased moderately in the fall
(Table 3). Therefore crown crude protein shows the pattern typical

for leaves (McLean et al. 1%9). The range of crude protein change
for rhizome plus roots was small; however, the crude protein
tended to correspond to the TNC pattern for rhizome plus root
tissue (Table 3).
The distribution of dry weight, TNC and crude protein among
pinegrass tissues is shown in Table 3. The dry weight of rhizome
plus roots was greater than that of all the other tissues combined, in
spite of the fact that during sample collection some rootlets could
not be separated from the duff, a problem also reported by George
and McKell (1978). Therefore the actual dry weight of rhizome
plus roots must be greater than the values shown in the table.
Tissue sections containing leaf material had a higher concentration
of TNC than did the rhizome plus root tissue. However, the largest
amount of TNC, 45.2% of the total TNC, was recovered from the
rhizome plus root tissue. The concentration of crude protein in all
tissues was relatively low because the sod sample was taken in July
(Table 3). A slightly higher concentration of crude protein was
found in the uppermost part of the tillers and in the rhizome plus
root tissue than in other parts of the tiller. Like TNC, the largest
amount of protein, 57.3% of the total crude protein, was found in
the rhizome plus root tissues.
In conclusion, the TNC of pinegrass consisted of sugars, fructosan, and starch. A long-chain fructosan was the predominant
polymer. The acid soluble SC of pinegrass was xylan and its
concentration was constant during the growing season while sugar

JOURNAL

1975. Official methods of analysis of the Association of Official
Analytical Chemists, AOAC. Washington, D.C. p. 927-928.
Bailey, R.W. 1973. Structural Carbohydrates in Chemistry and Biochemistry of Herbage, Vol. I. ed. by Butler, G.W. and Bailey, R.W. p.
166. Academic Press, London.
Dekker, R.F.H., and C.N. Richards. 1971. Determination of starch in
plant material. J. Sci. Fd. Agr. 22441-444.
Freyman, S. 1970. Effects of clipping on pinegrass. Can. J. Plant Sci.
S&736-739.
George, M.R., and C.M. McKell. 1978. Distribution of food reserves in
snowberry (Symphoricarpus oreophilus). J. Range Manage. 3l:lOl-104.
Heath, M.E., D.S. Metcalfe,and R.E. Barnes. 1973. Forages: the science of
grassland agriculture. 3rd Ed. The Iowa State University Press, Ames.
Jameson, D.A. 1963. Responses of individual plants to harvesting. Bot.
Rev. 29532-594.
May, L.H. 1960. The utilization of carbohydrate reserves in pasture plants
after defoliation. Herb. Abstr. 30~239-245.
McLean, A., S. Freyman, J.E. Miltimore, and D.M. Bowden. 1969. Evaluation of pinegrass as range forage. Can. J. Plant Sci. 49:351-359.
Menke, J.W., and M.J. Trlica. 1981. Carbohydrate reserve,phenologyand
growth cycles on nine Colorado range species. J. Range Manage.
34269-277.
Nelson, N.J. 1944. A photometric adaptation of the Somogyi method for
the determination of glucose. J. Biol. Chem. 153:375-380.
Ojima, K., and T. lsawa. 1968. The variation of carbohydrates in various
species of grasses and legumes. Can. J. Bot. 46: 1507-151I.
Pace, G.M., C.T. McKown, and R.J. Volk. 1982. Minimizing nitrate
reduction during Kjeldahl digestion of plant tissue extracts and stem
exudates. Plant Physiol. 69:32-36.
Smith, D. 1968. Classification of several native North American grasses as
starch orfructosan accumulators in relation to taxonomy. J. Brit. Grassl.
Sot. 23:306-309.
Stout, D.G., A. McLean, B. Brooke, and J. Hall. 1980. Influence of simulated grazing (clipping) on pinegrass growth. J. Range Manage.
33:286-291.
Stout, D.G., J. Hall, B. Brooke, and A. McLean. 1981. Influence of
successive years of simulated grazing (clipping) on pinegrass growth.
Can. J. Plant Sci. 61:939-943.
Suzuki, M. 1968. Fructosan in the timothy haplocorm. Can. J. Bot.
46:1201-1206.
Suzuki, M. 1971a. Semi-automatic analysis of the total available carbohydrates in alfalfa roots. Can. J. Plant Sci. 51: 184-185.
Suzuki, M. 1971b. Behaviour of long-chain fructosan in the basal top of
timothy as influenced by N, P and K and defoliation. Crop Sci. 1:632635.
Trlica, M.J. 1977. Distribution and utilization of carbohydrate reserves in
range plants. p. 74-96. In: Rangeland plant physiology, ed. by R.E.
Sosebee. Society for Range Management, Denver, Colo.
Watkins, J.M. 1940. The growth habits and chemical composition of
bromegrass, Bromus inermis Leyss, as affected by different environmental conditions. Agron. J. 32:527-538.
White, L.M. 1973. Carbohydrate reserves of grasses: a review. J. Range
Manage. 26: 13-l 8.
AOAC.

OF RANGE MANAGEMENT

36(4), July 1963

443

Soil Characteristics Related to Production on
Subclover-Grass Range
MILTON B. JONES, WILLIAM A. WILLIAMS, AND CHARLES E. VAUGHN

Abstract
In northwestern California moisture is usually not limiting for
range production during the annual winter-spring growing season.
It is, therefore, important to understand how other site factors,
both physical and chemical, affect range production. Ridge regression analysis and simple correlations were used to evaluate range
production as related to site slope and elevation; soil depth, texture, bulk density, water holding capacity, and pH; and several
chemical measures of soil fertility including available P and S,
exchangeable cations, total N and S, and organic matter. Subclover (Trifolium subterraneum L.) - grass production was measured at 17 typical range sites for 4 fertilizer treatments: PO&,
Pa,&, PO&, P~o&~o(subscripts = kg/ha). When no fertilizer WBs
applied, soil pH and available P appeared to be the 2 variables
most closely related to yield. Forage production increased when P
and S fertilizers were applied. When P was applied, exchangeable
soil K was the most important variable releted to yield; and when S
was applied, available P was the variable most closely related to
production. When P and S were applied together, available P and
K were most closely related to yield. While there was generally a
striking response to applied S, our measures of available soil S
were poorly related to production.

The annual-type rangelands of California are very extensive,
occupying roughly 24% of the state including both treeless and
wooded areas (Love 1955). Annual plant growth commences with
the first fall rain(usually in late October), continues slowly through
the winter, and is very rapid for about 6 weeks beginning in early
March. During the 6-month growing period soil water is not
generally the limiting factor (Martin and Berry 1970). It is known
that nitrogen (N), phosphorus (P), and sulfur (S) are limiting in
varying degrees (Martin 1958, Jones 1974) because of the large
increases in herbage production that usually occur when these
elements are applied. However, various measures of soil fertility
and soil-site physical characteristics and the relative importance of
each to range production have not been evaluated. Northwestern
California is ideal for such an evaluation due to the variability in
soils, elevation, and slopes on the upland annual ranges.
The purpose of this paper is to report an evaluation of chemical
and physical characteristics of soils on range sites sown to subclover (Trifoliurn subterraneum L.) with and without P and S
fertilization, and to determine the relative importance of these
factors as they relate to annual grass-subclover yields.
Materials

and Methods

The study was conducted in coastal California 160 km north of
San Francisco, on and near the University of California Hopland
Field Station. Seventeen typical annual rangeland locations
The authors arc agronomist, professor (Davis), and staff research associate.
Department of Agronomy and Range Science, University of California, Hopland
Field station. Hopland, Calif. 95449.
Authors thank K. Mayalagu for assistancewith soil classification, J. Blackard for
soil physical analysis, and B. San Diego for assistance in the field.
Manuscript received November 23, 1981.
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3 soil series were studied: 9 Sutherlin series soils (Ultic
Haploxeralfs), 5 Laughlin series soils (Ultic Haploxerolls), and 3
Josephine series soils (Typic Haploxerults). None of the sites had
received any prior fertilization. Some of the chemical and physical
characteristics of the soils are shown in Table 1.
At each location experiments were established in September
1975 after they were mowed, raked, and disced. Inoculated subclover was seeded at 100 kg/ha. Resident annual vegetation,
mainly Bromus mollis, Festuca megalura. and Erodium botrys,
grew naturally. Phosphorus was applied as S-free concentrated
superphosphate (22.9% P) at rates of0, 12.5, 18.8,25,37.5,50,100,
200, and 300 kg/ ha elemental P. Sulfur was applied uniformly at 90
kg/ ha as lOO-mesh elemental S to all levels of P, except that the 0
and 300 kg/ha P treatments were repeated with no S. All fertilizer
treatments were replicated twice in 0.9 X 1.5-m plots in a randomized complete block design at each of the 17 sites. Yield values in
this paper are reported only for the PO&, Psc&o, P&&o,and P30os90
treatments. Each treatment was sampled in late April 1976 by
clipping the subclover-annual grass herbage at ground level from
one 30 X 9l-cm quadrat in each replication. The whole sample was
dried to a constant weight at 6oOC and weighed.
The relationship of forage production to 22 soil chemical and
physical properties and site characteristics were evaluated by using
a simple correlation matrix and by ridge regression, a method of
ameliorating problems of unstable regression coefficients resulting
from highly correlated variables-multi-collinearity
(Williams et
al. 1979). The variables were soil organic matter (OM), total N and
S, total and available S and P, exchangeable Ca, Mg, K, and Na,
soil pH, water at l/3 and 15 atmospheres, bulk density, percent
sand, silt, clay and gravel, depth of A and B horizons, site elevation, and % slope. Available soil water was taken as % water at I/ 2
atmosphere minus y0 water at 15 atmospheres. The ratios of the
various elements were calculated and their relationships to yields
evaluated. These correlation and regression analyses were run
independently on each of the fertilizer treatments.
A composite soil sample was taken from the surface 0 to 15 cm
from each of the I7 sites before treatments were imposed. These
samples were air-dried and passed through a 2-mm sieve before
chemical analysis. Soil profile characteristics were determined
from a pit dug beside each plot site.
Soil OM was determined by a WalkIey-Black titration (Kauffman and Gardner 1976), and total soil N by a Kjeldahl procedure
modified to include nitrates (Bremner 1965). Soil-extract S was
analyzed by the methylene blue calorimetric procedure of Johnson
and Nishita (I952), total S following a nitric-perchloric acid digestion and available S following extraction with 0.01 M Ca (H2PO&
(Barrow 1967). Available P was determined by the Bray and Kurtz
(1945) number I method (Bray-l P) which is more closely correlated with plant yield and P uptake than other methods on these
range sites (Vaughn and Jones 1980). Exchangeable Ca, Mg, K,
and Na were determined by atomic absorption spectrophotometry
following extraction with neutral N ammonium acetate. Soil pH
was measured in a 1:2.5 soil:water suspension.
representing
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Results and Discussion
There was a wide range in soil-site characteristics and forage
production from the I7 sites (Table 1) giving rise to the possibility
of sorting out the factors most closely related to yield variations
with and without P and S applications. This possibility was
enhanced by the fact that soil test values for P, K, and S ranged
from below to above published critical levels. Gardner et al. (1979)
indicated possible responses of subclover to P with Bray-l P test
values up to 30 ppm, and responses to K with exchangeable K
values up to 0.38 meq/ 100 g soil. Our lowest value of 3 ppm
available S was considered low and 19 ppm was considered high
(Reisenauer 1975). Gardner et al. ( 1979) also suggested that when
exchangeable Mg was less than 0.8 meq/ 100 g soil (0.8 was our
lowest value) that application of Mg should be made for increased
production. They also suggested that lime beapplied when pH was
less than 5.5. We only had one value less than this, at 5.3.
Table 1. Mean and range of values for 17 annual rangeland locations for
soil-site characteristics and forage yields.*
Soil characteristic

Mean

Slope (%)
Elevation (m)

0.27
20
168
7
0.48
4.5
4.2
5.3
5.8
14.5
28
-

Soil texture

-

Total N (%)
Bray-l P (ppm)
Total S (ppm)
Available S (ppm)
Exch. K (meq/ 100 g)
Exch. Ca (meq/ 100 g)
Exch. Mg (meq/ 100 g)
Organic matter (%)
PH
Available Hz0 (%)
A horizon depth (cm)

Minimum
0.19
4
II6

Maximum
0.47
2:;)
19
0.82
7.8
13.0
8.6
6.4
18.2
66
20
800

3
0.29
2.6
0.8
3.1
5.3
9.8
5
2
150

loam

clay loam

360
2,870
750
3,370

2,830
6,310
6,240
7,810

Yields (kg/ha)
1,530
4,300
2,870
4,920

Paso
PZUX&
Pose0
P3c&O

lSoil-site characteristics were measured prior to fertilization.

Simple correlations indicated that Bray-l P and exchangeable K
were the only two soil characteristics that were positively associated with yields for each of the 4 fertilizer treatments. The relationship of available P to yield was expected, but we know of no

prior studies indicating that K might be low enough on northern
California rangelands for exchangeable K values to be significantly
related to production. The correlations of ratios of available Pand
S, exchangeable cations, and total N and S with yield were also
examined. Exchangeable K/total N was the only ratio that had a
higher correlation with yields from P and S fertilized plots than
either factor alone. The reason for this is not understood, but the
fact that r values were high (FY.01) makes the exchangeable
K/total N ratio of interest for future study.
The correlation of yield with Bray-l P was much higher with S
applications (r = 0.82) than without S (r = 0.59). The regression
equations were y = 19.7 + 2.96 P, and y’ = 22.7 A- 0.98 P,
respectively, where y= yield of P&SOplots, y’= yield of P&I plots,
and P = Bray-l P values. The regression coefficients were significantly different at the 1% level. Surprisingly, the correlation of
yields to Bray-I P values was as high for the P and S treatment as
for S alone, and applying P alone only reduced the correlation
slightly compared to the check treatment. There was a significant
response to applied P at all sites, but sites with higher soil-test P
required less applied P to reach maximum yields (Jones, unpublished data).
Total soil N did not show any significant relationship to yield
indicating that the N available to the subclover-grass range was not
related to total N in the soil. We know that N-fixation by clover
component of the forage makes a very important contribution to
the N obtained by the plants (Jones et al. 1978, Williams et al.
1977).
Even though S was shown to be limiting by the yield responses to
applied S on 10 of the sites, and there was a wide range of total and
available S values (Table I), no significant relationship between
these soil tests and yields was found (Table 2). This indicates that
total and available soil S as measured in this study did not relate to
the availability of S to plants. Similar observations have been made
previously on subclover-grass pasture soils (Spencer and Glendinning 1980). However, useful diagnostic criteria have been obtained
with tissue tests (Jones et al. 1980).
Several of the soil chemical characteristics such as total soil N
and S, and OM were highly correlated with each other. Exchangeable Ca was correlated with N and OM, and exchangeable K with
N. These relationships indicate multicollinearity and result in
inflated and misleading regression coefficients. Thus, the soil-site
variables were studied further by use of ridge regression because of
the existence of multicollinearity among the retained variables
(Williams et al. 1979). The analysis produced standardized partial
regression coefficients after adjustment (k = 0.3), showing the
relative importance of soil variables as related to yields on four

Table 2. Simple correlation coefficients (r) between soil characteristics and annual rangeland yields from 4 fertilizer treatments on 17 locations.
N

I
1 TotalN
1.00
2 Bray-l P -. I I
.64**
3 Exch. K
4 Total S
.72**
5 Avail. S -.I7
6 Exch. Ca
.65**
7 Exch. Mg .25
80M
.80**
9 PH
.I3
IO Avail.
.33
Hz02
II Depth
.02
Paso
.30
P3c&
-.04
.I2
Posse
PXX,&O -.I8

P
2

S
4

K’
3

Avail. S Cal
5
6

Mg’
7

OM
8

pH
9

Hz02
IO

.58*
.I5
.I3

1.00
.I7
.23
.02

1.00
-.I6
.I7

‘:!

1.00

.07
.38
.20
.22
.I2

-.30
.I4
-.47
-.28
-.55*

.OO
.09
-.24
-.I I
-.26

Depth
II

N&-N

K’/N

.23
-.05
.01
-.Ol

.38
.73**
.6l**
.80**

I .oo

.44
-.I7
-.24
.I2
-.51*
-.I3
.21
-.28
.I7
.59*
.54*
.82**
.82**

I.00
.I3
-.33
.43
-.24
.34
:!

1.00
.08
.47
.3l
.75**
-.24
.2l

.I2
.51*
.52*
.53*
.48*

-.29
.I7
-.22
.Ol
-.28

1.00
-.24
.31
.24

-.28
-.25
-.34
.47
-.34

I .oo
.Ol

.I3
.46
.04
.23
.28

.06
-.02
-.03
-.I3
-.23

1.00
.22
.II
.I3
.06

‘Exchangeable cations.
*Available water-holding capacity in the soil A horizon.
*Significant at the 5% level; **Significant at the 1% level
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Table 3. Standardized partial regression
characteristics on 17 range sites.

coefficients fork

= 0.3 and coeMcient ofdetermination

in ridge regression relating annual rangeland yields to soil

Standard partial regression coefficients (k=O.3)
Fertilizer
treatment

Soil
depth

N

POSI
P30&
PO.%
f%XS90

.20
.02
.II
-.05

.08
-. 10
.Ol
-.I5

Bray-l
P

K’

%S

Avail.
s

Ca’

Mg’

OM

pH

Avail.
Hz0

Coef. of det.
(R*)

.33
.20
.50
.39

.20
.33
.I9
.27

.27
-.03
.I9
.Ol

-.02
-.07
-.2l
-.07

.08
.20
.oo
.06

-.03
-.I6
.oo
-.22

.I5
-.24
-.I5
-.II

.37
-.05
.08
.I4

.07
.06
.02
-.03

.72
.57
.80
.79

‘Exchangeablecations.
fertilizer treatments (Table 3). The following variables were determined to be the most important on the 4 fertilizer treatments in the

order indicated:
PO% : ph >Bray-I P > total S > exchangeable K = soil depth
P3oosO : exchangeable K > (-) OM > Bray-l P = exchangeable Ca
PO&o : Bray-l P > available (-) S > exchangeable K = total S
Psc&a : Bray-l P> exchangeable K > exchangeable Mg
Where
accounted

no fertilizer
was applied
the considered
variables
for 72% of the variation in yield. Each of the factors that

showed a significant simple correlation with yield also appeared as
important factors in the ridge regression. However, some factors
such as pH and total S that had insignificant simpler values were
apparently more importantly related to yield than exchangeable K.
Where P alone was applied only 57% of the yield variability was
accounted for, and exchangeable K was most important, followed
by OM, which was negatively related to yield. The simpler was also
negative for OM vs. yield, but the value was not significant. We
have no explanation for these negative relationships. Total S and
available S were not related to yield in this treatment indicating
that the soil tests were not related to S obtained by the plants even
though it was a limiting factor for plant growth at 10 of 17 sites.
Eighty percent of the variation in yield was accounted for when S
alone was applied. Bray-l P was by far the most important factor
related to these yields, followed by available S and total S which
gave conflicting indications (opposite in sign). Exchangeable K
had a modest partial effect on yield.
When both P and S were applied we could account for 79% of
the variation in yield. Bray-l P was again most closely related to
yield, followed by exchangeable K and Mg, the latter being negatively related. Since the soil tests were run on soil sampled before
fertilization, the experiments indicate that sites higher in P before
fertilization produced more forage after fertilization than those
sites which were low in P.
The factors and order of importance were not always as
expected. For instance, the application
of P alone would be
expected to increase the importance of S, but such was not thecase.
Total soil S or available S showed no significant relation to yield
where P was no longer a limiting factor.
Two other inconsistencies
were apparent. First, soil depth and
pH appeared as important factors related to yield where no fertil-

izer was applied, but where P and S were not limiting, soil depth
and pH did not appear to be related to yield. Second, total and
available S (posi6ve and negative, respectively) were shown to be
related to yield where S only was applied, but were not related
where P only was applied.
Site elevation and slope, and soil texture or bulk density are not
listed in Tables 2 or 3 as these factors had very low r values and
were not found to be related to range production.
It was concluded that soil fertility was more closely related to
yield than such physical site-soil factors as slope, elevation, texture, bulk density or water holding capacity over the range of soils
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tested here. Soil P, as measured by Bray-l P, was consistently the
measurable factor most closely related to subclover-grass range
production. Exchangeable K was also significantly related to production. This should alert range managers in the area to be aware
of possible K deficiencies where range improvement for higher
production is the goal. This does not mean that the physical factors
are unimportant, but rather that range production can be increased
by P and K fertilization within the limitations of the physical
factors extant. The response to S fertilization indicated that it was
deficient. However, soil tests for S used in this study appeared to be
of little diagnostic value.
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Forage Standing Crop and Animal Diets
Under Rotational vs. Continuous Grazing
STEVEN

H. SHARROW

Effects of 5-paddock rotational grazing and continuous grazing
were monitored in 1977 and 1978 on an annual grass-subclover
(Trifolium subterraneum) pasture. More forage was available to
livestock under rotational grazing than under continuous grazing
during the midspring through late spring period. However, grazing
management had little effect upon forage intake by Romney ewes
and their lambs during this period. Live weight gains of ewes and
lambs were higher under rotational compared with continuous
grazing in the spring, perhaps due to an observed increase in
subclover, a highly nutritious feed, in diets of sheep grazing rotationally. In contrast to the spring green-feed period, live weight
gains of ewes under rotational grazing were lower than those under
continuous grazing during the summer dry-feed period. Poor ewe
performance on rotationally grazed pasture during the summer
period apparently reflects reduced opportunity for dietary selectivity and, therefore, a lower quality diet compared with that available to ewes on continuously grazed pasture.
There are approximately
5 million hectares of hill pasture land in
the Pacific Coastal States. Much of this land currently supports
annual vegetation
because of inherently xeric sites or improper
grazing management
in the past. Both continuous grazing and a
system similar to that proposed for New Zealand hill pastures by
Suckling (1965), in which rotational grazing is employed to remove
excess dry forage and to control weeds in the summer followed by
continuous grazing during the remainder of the year, are common
management
systems in western Oregon. While little information
is available from annual grass-clover
pastures, Sharrow and
Krueger (1979) have demonstrated
that animal performance from
improved
hill pastures
seeded to perennial
ryegrass (L&urn
perenne)subclover
(Trifolium subterraneum) can be increased by
employing a rotational grazing scheme.
Many studies comparing rotational grazing to continuous grazing management
systems have been conducted during the past 20
years. As a result of these studies, a substantial body of knowledge
has been collected from and general management
principles proposed for perennial grass swards (Morley 1968; Smetham 1973).
However, scant literature is available to directly evaluate applicability of these principles to annual grass-clover swards.
The objective of this study was to compare forage standing crop,
dry matter intake, and diets selected by sheep grazing rotationally
to those grazing continuously
on an annual grass-subclover
pasture under high stocking rates.

Materials and Methods
The study was conducted on 2 ha of hill pasture located approximately 20 km north of Corvallis, Ore. Elevation is approximately
100 m. The climate is maritime with cool, rainy winters and warm,
dry summers. Mean annual precipitation
is 103 cm. Species composition of the pasture prior to grazing in May 1977 was 56% rattail
fescue (Vdpia myuros), 12% soft chess (Bromus mollis), 25%
subclover (Trifolium subterraneum), and 3% perennial ryegrass
(L&urn perenne) by weight.
Author is associate professor, Oregon State University, Corvallis 97331.
This report is Oregon Agricultural
Experiment Station Technical Paper No. 6243.
Manuscript received June 14. 1982.
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The original 2-ha pasture was divided into 2 equal parts. One
half was continuously
grazed throughout
the grazing season
(approximately
April-December).
The remaining half was subdivided into 5, 0.2-ha paddocks. Ewes and the lambs consecutively
grazed each paddock for 4 days before being moved into the next
paddock. Each paddock was thus grazed 4 days and then allowed
16 days to recover before being grazed again. Stocking rate on both
continuous
and rotational grazing treatments
was 12 ewes and
their lambs per hectare. Sheep live weights were measured every 2
weeks using a portable livestock scale. Lambs were removed when
they ceased to gain weight on pasture (in early summer each year).
A more detailed description
of animal management
practices
and past management
of the experimental
pastures is provided by
Sharrow and Krueger (1979).
Because of the importance
of the spring green-feed period to
livestock production from annual grass pastures, forage available
to and diets selected by sheep were studied during the midspring to
early summer period in 1977 and 1978. This period was arbitrarily
divided into 3 sections: (1) midspring, the time of rapid vegetative
plant growth, (2) late spring, a time when plants were maturing and
producing seed and (3) early summer, when plants were drying out
and seed was mature.
Forage standing crop and forage disappearance
were estimated
for each period using the movable cage technique (Brown 1954).
Ten O.l-mr rectangular
plots were harvested inside and outside
cages on each treatment pasture every 2 weeks. Harvested material
was hand sorted, oven dried at 5o”C, and the dry weight of each
species was recorded. Forage dry matter intake by livestock was
calculated from the difference between caged and uncaged plots on
each date using the equation of Linehan et al. (1952). Dietary
selectivity was investigated using a relative preference index (Van
Dyne and Heady 1965) calculated as: % of plant in diet/% of plant
in sward. Data were pooled by period and means compared using
Student’s T tests.

Results and Discussion
The rotationally
grazed pasture consistently
had more total
forage available during midspring (I% 10) and late spring(K.05)
periods than did the continuously
grazed pasture (Table I). Once
the period of plant growth was over in early summer, the rotational
pasture had similar (1977) or less (K.05,
1978) total forage standing crop than the continuously grazed pasture. Herbage consumption, however, did not reflect differences in herbage standing crop
between treatments.
Wheeler et al. (1962) made a similar observation. They could find no usable relationship
between digestible
organic matter intake by sheep and forage standing crop from a
variety of perennial grass-clover pastures. Arnold and Dudzinski
(1967) also noted apparent discrepancies
between forage standing
crop and expected dry matter intake by sheep. They suggest that
intake by ewes is not adequately determined
by forage standing
crop alone because other factors, such as sward height, affect
harvesting of forage by livestock. Forage digestibility and its concomitant effects upon gut fill (Ellis 1978) can also be expected to
affect dry matter intake of grazing animals.
The herbage consumption
figures reported in Table I exceed the
NRC (1975) recommendations
for dry matter intake for mainte-
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Table 1. Average berbage standing crop, herbage consumption,
rotationally (R).

and live weight changes of ewes and lambs from pastures grazed continuously

Average herbage
standing crop (kg/ ha)
Season

Herbage consumption
(g/kg body weight/day)

Ewe live weight
change (g/ewe/day)

C

R

C

R

C

R

Midspring
1977
Late spring 1977
Early summer 1977

2000
1850
1460

24307
2800’
1440

28
39
23

27
37
23

-120
-80
-150

-90
-207
-300’

Midspring
1978
Late spring 1978
Early summer 1978

I590
2949
2990

2550*
3620;
2180*

36
27
32

36
31
30

260
-80
-100

230
-40
-100

*‘tContinuous

differs

from

rotational

grazing

treatment

(K.05,

K.10

Lamb live weight
change (g/lamb/day)
C

R

90
10

1707

v

420
170

390
I90

respectively)

nance of ewes (18 g/kg body weight/day) in each period both
years. However, dry matter intake required by lactating ewes (32
g/kg body weight/day) was not met in midspring 1977 on either
treatment. Likewise, the 35 g/kg body weight/day suggested for
growing lambs was not achieved during midspring 1977 or late
spring 1978. It appears, therefore, than even with substantial
amounts of herbage standing crop, lamb performance may have
been limited by insufficient dry matter intake during these periods
regardless of grazing management.
Since no meaningful differences were detected in herbage consumption, treatment differences in lamb and ewe weight gains
shown in Table 1 likely reflect differences in quality rather than
quantity of the diet selected under each treatment. Species composition of the forage available in each pasture is presented in Table 2.
In 1977, the only treatment difference detected was a higher
(X.05) subclover content of forage in the rotational grazing system during the midspring period. However, analysis of species
composition of the diet selected by rotationally grazing animals
(Table 3) indicated higher subclover consumption during the mid
and late spring periods (K.05) and a higher intake offorbs during
the midspring period (K.01) of 1977 than occurred under continuous grazing. In addition, soft chess contributed more to the late
spring (K.05) and less to the early summer (K.01) diet of rotationally grazing animals than to that of ewes and lambs under
continuous grazing in 1977. Even though the greater quantity of
forage available to ewes and lambs grazing rotationally did not
affect their herbage consumption, it apparently allowed them to
exercise more dietary selectivity. This aided them in choosing a
high quality diet from the larger standing crop of forage available
on the rotationally grazed pasture. This supposition is supported
by the higher relative preference indices observed for rotational
Table 2. Species composition

(% of weight) of herbage available

Species

C

R

Vulpia myuros
Bromus mollis
Trifolium subterraneum
L&urn perenne

84
IO
3
I

77
I2
9*
T

compared with continuous grazing during this period (Table 4).
Hamilton et al. (1973) have observed a similar effect of dietary
quality, in this case in vitro digestibility, increasing as herbage on
offer increases. It is believed that the greater amount of forbs,
principally subcover, in the mid and late spring diets of livestock on
rotational grazed pastures contributed substantially to the superior weight gains of these animals during the green-feed period.
By the start of the dry-feed period in early summer 1977 selective
grazing had removed most forbs from both pastures. Higher consumption of soft chess (X.05) during the late spring resulted in
fewer seedheads, a preferred summer feed, being available to sheep
on the rotational pasture. Summer diets of sheep reflected differences in forage standing crop. Approximately 97% of the forage
consumed on both pastures was rattail fescueand soft chess. Forbs
contributed little to summer diets of rotationally grazed sheep. The
summer diet of sheep on the continuously grazed pasture contained approximately 3% forbs. The major difference in diets
attributable to grazing management during the early summer was a
higher proportion of soft chess (K.OI), principally seedheads, in
the diets of sheep on continuously grazed pastures. Relative preference indices calculated for rotationally grazing sheep were lower
than those for continuous grazing during this period (Table 4).
This observation, together with the relatively poor 1977 summer
performance of ewes grazing rotationally, lends credence to
Heady’s ( 1962) and Barnes’ (1977) concern that the concentration
of livestock required by rotational grazing systems may depress
animal performance by reducing their ability to select a high quality
diet during some portion of the year.
The spring of 1978 was relatively cool and moist. This favored
growth of cool-season forbs such as subclover. Subclover was the
highest single element in both forage standing crop and sheep diets

on continuously

(C) and rotationally

Season
Late spring 1977
R
C

Midspring 1977

Early summer 1977
C
R

I

Misc. grass

I

T

I

T

T

T

Misc. forbs

I

2

2

4

T

T

C

R

C

R

C

R

38
I5
42

42
I5
41

60
13
22
I
2
2

34**
13
49++
3
0
T

20
70
3
6
I
T

71**
25**
2
0
2
T

Vulpia myuros
Bromus mollis
Trijolium subterraneum
Lolium perenne
Misc. grass
Misc. forbs
**‘*Continuous
440

differs from rotational

Late spring

2

T
I

T
T
treatment

I

1978

T

grazing

86
9

(R) grazed pasture in western Oregon.

73
20
2
I

Midspring

(C) or

K.01,

K.05,

1978

91
9
T
0

Early summer

90
9
T
T

1978

respectively.
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Table 3. Species composition

(%) of diets selected by sheep on continuously

(C) rnd rotationally

(R) grazed pastures in western Oregon.

Season
Midspring

Late spring

1977
R

C

Vulpio myuros
Bromus mollis
Trifolium subterroneum
Lolium perenne
Misc. grass

84
10
6
0
0

54

I

I

T

5

20

Misc. forbs

I**
38*

I

Early summer

R

76

35

IS
I
5

31*

Midspring 1978

8*
5
I

R

C

R

6
II

52
4

7**
T

69
0

80
0

42
0

92**
0

0
I

0
I

0
2

*‘*‘tContinuous differs from rotational grazing treatment X.01,

X.05,

X.10,

R

64
33
2
0
0

87
12**
0
T
I

I

0

Early summer 1978
C
R

I7
I2

Mist grass
Misc. forbs

1977

C

2**
Late spring 1978

C
Vu/pi0 myuros
Bromus mollis
Trifolium subrerroneum
L&urn perenne

1977

C

Species

I9
66

0
I

69**

w

0

0

II
4
0

0
7
0

respectively

Table 4. Relative preference indices ($ of species in diet/% of species in sward) for plants in continuously
western Oregon.

(C) and rotationally

(R) grazed pastures in

Season
Midspring

1977

Late spring

1977

Early summer

1977

Species

C

R

C

R

C

R

Vulpia myuros
mollis

I.0
I.0

0.7
0.1

I .o
1.3

2.0
-

4.2
-

0.5
I.6
4.0

0.7
3.7

Trifolium subterroneum
Ldium perenne

0.9
1.7
1.0

-

-

5.0

5.0

Mist grass
Mist forbs

-

2.5

I.0
0.5

5.0

-

Bromus

Midspring 1978
Vulpia myuros

Bromus mollis
Trifolium subrerroneum
L.&urn perenne

Misc. grass
Mist forbs

R

0.5
0.8
1.6
-

0.1

0.9

0.7
5.3
-

0.3
1.9
-

-

-

I

during midspring 1978. No major treatment differences (p>.IO)
were evident in midspring forage standing crop or in the diets
selected by sheep. By late spring, however, the rotation pasture
contained over twice as much subclover (PC.0 1) as did the continuously grazed pasture. Sheep diets during this period were also twice
as high in subclover (K.01) under rotational as under continuous
grazing. Similar to 1977, sheep diets during the early summer 1978
were almost devoid of forbs. Major dietary elements during this
period were rattail fescue and soft chess. Summer diets of sheep in
the rotationally grazed pasture were lower in soft chess (X.01)
and higher in rattail fescue (K.01) than those in the continuously
grazed pasture.

C

Late spring 1978
R

C

Early summer 1978
C
R

0.2
0.1
1.9
-

I.0
I.0

I.0
I.0

1.8

3.5
-

4.0
-

I

was reflected in increased live weight gains of sheep on rotationally
grazed, relative to continuously grazed, pasture. Subclover and
other annual forbs were largely consumed on both pastures by
early summer. Diets of ewes and livestock performance during this
period reflected the higher contribution of soft chess, the preferred
summer feed, to forage standing crop under continuous compared
with rotational grazing.
These observations suggest that rotational grazing can be effective in increasing forage available to livestock and improving
animal performance during the green-feed period, when plants are
actively growing. During the dry-feed period, however, rotational
grazing should be avoided because it tends to suppress dietary
selectivity and to reduce animal performance.

Management Implications
These data suggest that animal performance during the spring
green-feed period was largely determined by the amount of subclover present in sheep diets under the 2 treatments examined.
Rotational grazing resulted in more subclover on offer to sheep
than occurred under continuous grazing. When subclover was
plentiful, such as in 1978, little difference in animal performance
could be attributed to grazing management. When subclover was
scarce, as occurred in 1977, the additional clover on offer under
rotational grazing allowed selection of a diet higher in clover. This
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Habitat Differences between Basin and
Wyoming Big Sagebrush in Contiguous
Populations
JERRY R. BARKER AND CYRUS M. MCKELL

Abstract
Basin and Wyoming big sagebrush plants growing in contiguous
populations were studied to identify potential habitat differences
in plant water and soil relationships. At 3 study sites, basin big
sagebrush plants were growing in and adjacent to a drainage, while
Wyoming big sagebrush plants occupied areas adjacent to the
basin big sagebrush populations. Soil- and leaf-water potentials
and leaf-transpiration resistances were measured from May to
October 1980 to identify differences between basin and Wyoming
big sagebrush plant-water relationships. Soil identification and
plant tissue analyses were conducted to help characterize edaphic
differences between the subspecies. The results of these studies
showed that basin big sagebrush plants grew in a more mesic and
fertile habitat than did Wyoming big sagebrush plants. Understanding the environmental differences of these two big sagebrush
subspecies is important in effectively managing basin and Wyoming big sagebrush ranges.

1965, McArthur 1979, Winward 1980). According to range scientists the big sagebrush subspecies and forms are habitat specific
(McArthur and Plummer 1978, McArthur et al. 1979, Morris et al.
1976, West et al. 1978, Winward 1980, Winward and Tisdale 1977).
General habitat differences between basin (A, tridentata ssp.
tridentata)
and Wyoming big sagebrush (A. tridentata spp.
wyomingensis)
have been reported in the literature. Basin big
sagebrush usually grows in deep, seasonally dry, well-drained,
fertile soils on plains, valleys, and foothills between elevations
610-2,140m (McArthur and Plummer 1978, McArthur et al. 1979,
Morris et al. 1976, Winward 1980, Winward and Tisdale 1977). In
contrast, Wyoming big sagebrush grows in dry, shallow, rocky
soils on foothills and valleys between elevations of 1,520-2,150 m
(McArthur and Plummber 1978, McArthur et al. 1979, Morris et
al. 1976, Winward and Tisdale 1977). Furthermore, Beetle and
Young (1965) reported that whenever basin and Wyoming big
sagebrush are found close together, the latter subspecies always
occupies the drier, poorer, more shallow soils. West et al. (1978), in
The woody sagebrushes (subgenus tridentatae (Rhdb.) E.D.
a biogeographical sagebrush study in Nevada, found that WyomMcArthur of Artemisia L.) occur naturally only in western North
ing
big sagebrush occupied soils warmer and drier than did basin
America, ranging from southern Canada to northern Mexico (Beebig sagebrush.
tle 1960, McArthur et al. I98 I). The most common, important, and
For the present study, 3 sites were selected where basin and
widely distributed species is big sagebrush (Artemisia tridentata
Nutt.). Big sagebrush plants are common on about 58,655,OOO Wyoming big sagebrush grew in contiguous populations. At each
site, basin big sagebrush plants grew within and next to a drainage
hectares from the arid lands of the Great Basin to the moist, cool
areas of mountain ranges (Beetle 1960, Hall and Clements 1923, while Wyoming big sagebrush plants occupied adjacent sites. Big
sagebrush plant height decreased with distance from the drainages
McArthur 1979, Winward 1970).
(Barker 1981). Plant height near the drainages averaged about 2.5
Considering the wide distribution of big sagebrush, it is not
m and decreased with distances along an apparent moisture grasurprising to find genotypic variation among A. tridentata populadient to less than 1.0 m (Fig. 1).
tions (Caldwell 1979). Presently, the big sagebrush complex conIn considering the difference in plant stature, a logical question
sists of 3 subspecies with 2 forms (Beetle 1960, Beetle and Young
arises. Is basin big sagebrush larger than Wyoming big sagebrush
in these contiguous populations because of habitat or genetic
Authors
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8432 1and vice-president
for research, Native Plants, Inc. 360 Wakara Way, Salt Lake
differences? The research reported herein discusses habitat variaCity, Utah 84101. Authors acknowledge
the assistance of Chris Call and Marianne
tion in water and soil relationships between the two subspecies that
Barker in collecting field data. The work was supported by the Department
of Energy,
Utah Agricultural
Experiment
Station,
and Ecology Center, Utah State University,
would partially account for the differences in plant stature. The
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Description

of Study

Sites

The Sage Creek study site (N 41° 46’ 36” - W I I lo IO’ I I”) is
located about 4.8 km west of Sage Creek Junction on Highway 30
in Rich County in northeastern
Utah. Average annual precipitation varies from 25 to 30 cm. The frost-free period ranges between
55 to 65 days(Personalcommunication,
Soil Conservation Service
Personnel, Logan, Utah). Elevation is 1,950 m. Slope associated
with both the small and the large plants varies from 3 to 4%. The
exposure is northerly. Other important plants in the area include
low rabbitbrush
(Chrysorhamnus
viscidiflorus), western yarrow
(Achika milkfolium),
gray horsebrush (Tetradymio canescens),
canby bluegrass (Po~oacnnbyi), letterman needle grass (Stipa lettermonii), and slender wheatgrass (Agropvron tmchvcaulum~.
The Greasewood Wash studysite(N4lO
55’64”- W 108’ 52’30”)
is located about 10.2 km north of the Jim Bridge1 Coal Minealong
Sweetwater County Road 4-17 in southwestern
Wyoming. Average annual precipitation
varies from I2 to 22 cm. The frost-free
period ranges from 80 to 1 IO days (Personal communication,
Soil
Conservation Service Personnel, Rock Springs, Wyo.). The elevation is 2,063 m. The slope of the site varies from 2 to 5% with a
western exposure. Other important plants in the area include bud
sage (Artemisia spinescens), gardner saltbush (Atriplexgardneri).
(Chrysothamnus
visiciflorus), thickspike wheatlow rabbithrush
grass (Agropyron dasystachyum),
pacific aster (Aster chilensis),
and Great Basin wildrye (Elymus cinereus).
The Maeserstudy
site (N 400 34’ I I”- W400 35’)islocated inthe
Uinta Basin, Il.2 km north of Maeser, Utah along Taylor Mountain Road. Average annual precipitation
is 25 to 30 cm. The
frost-free period ranges between I10 to I40 days (Personal communication,
Soil Conservation
Service Personnel, Vernal, Utah).
Slope of the area is 3 to 4% with a southern exposure. Elevation is
2,296 m. Other important plants at the study site include shadscale
(Atriplex confertifolia),
greasewood
(Sarcobatus vermiculatus),
and rubber rabbithrush
(Chrysorhomnus nauseosus).
Methods
Basin and Wyoming big sagebrush were taxonomically
separated based on leaf morphology,
current year’s growth, twodimensional
paper chromatography,
and chromosome
counts
(Barker 1981). Taxonomic
keys by McArthur et al. (1979). Winward (1980), and Winward and Tisdale (1977) were also helpful. In
addition, subspecies were verified with voucher specimens from
each study site.)

Plant-Water Relationships
Soil-water potential, leaf-water potential, and leaf-transpiration
resistance were measured at each site to compare the various water
relations of basin and Wyoming big sagebrush. Five randomly
selected plants per population
per site were studied. Under each
plant on April 28 and 29, 1980, Peltier thermocouple
psychrometen (Brown and Collins 1980) were placed at a depth of 30 and 60
cm to measure soil-water potentials. These depths were selected
because they characterize
the area where the majority of lateral
roots less than 3 mm in diameter occur (Sturgcss 1977). The
psychrometers
were placed horizontally with good soil contact to
reduce the influence of temperature gradients (Wiebe et al. 1977).
Soil water potential readings were taken about every 2 weeks from
mid-May until September,
1980.
Leaf-water potentials were read immediately after the soil-water
potentials were determined
(Brown and Collins 1980). The distal
5.0 mm of 3 to 4 stems (including leaves) per plant were inserted
into a sample chamber containing
a Peltier psychrometer.
To
reduce variation, the stem tips were selected from the southern.
top-most portion of the plant. Sample chambers were then placed
in an ice chest and shaded from the sun for a minimum of 60
minutes lo reduce temperature
gradients and allow vapor equilibration before readings were made. Stem tips were collected about
noon-time each sampling day.
Transpiration-resistance
measurements
were made on 3 to 4
leaves per plants using a Lambda Ll-65 autoporometer.
To reduce
variation, leaves were selected from the southern, top-most portlo”
of the plant. Readings were made at noon each day. The sensor was
placed on theuppersurface
oftheamphistomatousleaves(Diettert
1938) and shaded while the reading was obtained to minimize
temperature
gradients. Evaluation of these measurements
was by
two-way analysis of variance and Duncanis new multiple range test
(Ott 1977).
Soil and Plant Tissue Analyses
To identify edaphic differences between basin and Wyoming big
sagebrush habitats, soils associated with each population
were
described and classified according to Soil Conservation
Service
methods (Soil Survey Staff 1975)z. Bulk soil samples were collected
from the “A”, “B”, and “C” horizons of each soil profile for
laboratory
analyses. Only data for the “A” horizon are reported
herein to show edaphic differences (see Barker 1981 for complete
soil profile descriptions).
Standard analyses for soil classification
were performed
by the Soils Testing Laboratory,
Utah State
University.
Vegetal current year’s growth was collected September 21, 1979
to determine mineral content of basin and Wyoming big sagebrush. Plant material was obtained from 6 plants per population
per site. Percent nitrogen, calcium, magnesium, phosphorus,
potassium, and chloride were measured. Also, copper, iron, manganese, zinc, sodium, and boron levels (ppm) were determined.
Chemical analyses were performed by the Soils Testing Laboratory, Utah State University. Data were analyzed using two-way
analysis of variance and Duncan’s new multiple range test (Ott
1977).
Rl3UltS
Plant-Water Relationships
Soil-water
potentials,
leaf-water
potential,
and
leaftranspiration
resistances showed similar trends at each ofthe three
study sites. Therefore, each type of data was grouped together.
Soil-water
potentials
for basin and Wyoming big sagebrush
plants at depths of 30 and 60 cm averaged around -I bar for the
first and second measurement
dates (Fig. 2). After the first 2 weeks
of June, soil-water potentials decreased rapidly. The soil-water
potentials
for Wyoming big sagebrush
plants at 30 cm deep

and September 5 were the leaf-water potentials for Wyoming big
sagebrush plants significantly lower (X0.05) than for basin big
sagebrush plants.
Transpiration resistances on June 6 were 8.46 and 7.85 s cm-’
for basin and Wyoming big sagebrush plants respectively on July
25. Transpiration resistances on August 10 were 15.86 and 25.64 s
cm-’ for basin and Wyoming big sagebrush plants, respectively.
Even though transpiration resistance values were numerically
greater for Wyoming big sagebrush plants than basin big sage-

Transpiration Resistance

50

l

l

brush plants,
0

’

I

1

1

1

I

I

7.25

8-10

9-5

Leaf Water Potential

-20 -30 -

these differences

were not statistically

significant.

Soil and Plant Tissue Analyses
The chemical and physical analyses showed that there were
differences between soils of basin and Wyoming big sagebrush
plants (Tables 1 and 2). Soils associated with the basin big sagebrush plants were Torrifluvents at each site. Soils associated with
Wyoming big sagebrush were Haplargid, Camborthid, and Torrifluvent at Sage creek, Greasewood Wash, and Maeser, respectively. Soils associated with basin big sagebrush plants had higher
organic carbon, nitrogen, water holding capacity, cation exchange
capacity, potassium, and phosphorus than the soils associated with
Wyoming big sagebrush plants.
There were no physical barriers to root growth in the soils with
the exception of the Haplargid soil at Sage Creek. At this site, a
calcic horizon was discovered at 3040 cm, which appeared to
restrict root penetration.
Vegetal mineral content of current year’s growth varied between
the 2 subspecies for several nutrients (Table 3). Basin big sagebrush
plants had a significantly greater content (KO.05) of nitrogen,
magnesium, phosphorus, potassium, and zinc. On the other hand,
Wyoming big sagebrush contained significantly (X0.05) more
iron.

Soil Water Potential

Discussion
5-13

66

6-19

78
DATE, 1989

Fig. 2. Tronspirorion resistance, leaf-water potential, and soil-water
potential ot a depth of30 ond 60 cm for basin big sagebrush (-)and
Wyoming big sagebrush (--)plantsfrom June to September 1980. Data
points were the overage of 15pbnts. Confidence intervals wereformedat
the 95% level.

decreased the fastest. On July 26, August 10, and September 5,
soil-water potentials under Wyoming big sagebrush plants were
significantly lower (KO.05) than under basin big sagebrush
plants. The soil-water potentials were -23.7, -29.2, and -34.6 bars
for Wyoming big sagebrush plants; and -1X6,-154and
-16.5 bars
for basin big sagebrush plants. Also, on August 10, and September
5, soil-water potentials at 30 cm were significantly lower (KO.05)
than at 60 cm for both subspecies.
Leaf-water potentials for basin and Wyoming big sagebrush
plants were -24.2 and -21.1 bars respectively on June 6 (Fig. 2).
For basin big sagebrush plants the leaf-water potentials decreased
to -45.8 bars on July 8, after which it increased. The leaf-water
potentials for Wyoming big sagebrush plants decreased to -55.8
bars on July 25 and then increased. Only on July 25, August 10,

According to the plant-water relationship study, seasonal differences in soil-water apparently exist to condition plant development
and segregation into separate populations. During 1980, Wyoming
big sagebrush plants experienced greater drought conditions than
basin big sagebrush. The difference in soil-water potentials indicates that basin big sagebrush plants grew in a more mesic habitat
than did Wyoming big sagebrush. The drainages may have been
responsible for concentrating water where basin big sagebrush
plants grew. After a thunderstorm, July 1979, standing water
remained in the drainage at Greasewood Wash for about 1 week.
Both leaf-water potential and transpiration resistance are influenced by the soil-water status (Kramer 1969). As soil-water potential decreases, leaf-water potential decreases and leaf-transpiration
resistance increases. Leaves with low water potentials and high
transpiration resistances indicate a plant suffering from water
stress. Both of these parameters suggest that Wyoming big sagebrush plants experienced a greater water stress than basin big
sagebrush plants. The results of this study support earlier suggestions that Wyoming big sagebrush plants tolerate drier soil conditions than basin big sagebrush (Beetle and Young 1965, McArthur
1979, Morris et al. 1976, Tisdale et al. 1969, West et al. 1978,

Table 1. Soil classification at the Sage Creek, Greasewood Wash, and Maeser study sites.
Soil family

Site habitat
Sage Creek
Basin big
Wyoming

sagebrush
big sagebrush

Greasewood Wash
Basin big sagebrush
Wyoming

big sagebrush

Maeser
Basin big sagebrush
Wyoming big sagebrush
452

fine-silty, mixed, frigid Xeric Torrifluvent
fine-silty, mixed (calcareous), frigid Typic Haplargid
fine-loamy, mixed (calcareous), frigid Xerollic Torrifluvent
fine-loamy, mixed (calcareous), frigid Typic Camborthid
fine-loamy, mixed (calcareous), frigid Ustic Torrifluvent
fine-silty, mixed (calcareous), frigid Ustic Torrifluvent
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Table 2. Depth, fertility, and moisture characteristics of bulk samples from the “A” horizon for soils associated with basin and Wyoming big sagebrush
plants at Sage Creek, Greasewood Wash, and Maeser.

Moisture

Depth
(cm)

N

Fertility’
P

K

CEC

2.5
1.3

20.8
16.5

~
oc

l/3 amos. I5 amos.
(%)
(%)

Site soil description

Big sagebrush subspecies

Sage Creek
Torrifluvent
Haplargid

Basin
Wyoming

30
20

2.3
1.7

0.25
0.19

20.2
6.8

Greasewood Wash
Torrifluvent
Camborthid

Basin
Wyoming

6
5

2.8
1.2

0.25

54.0

1.5

0.11

22.0

0.5

Maeser
Torrifluvent
Torrifluvent

Basin
Wyoming

10
13

1.8

0.19

64.0

1.7

10.7

19.8

7.6

I.1

0.12

21.0

I.0

1.2

17.6

6.0

21.2
20. I

12.2
10.2

17.7

30.5

II.7

12.8

22.2

8.6

‘OC = organic carbon%
N = nitrogen %
P = phosphorus ppm
K = potassium me/ 100 9
CEC = cation exchange capacity me/ 100 g

Winward

1980, Winward

and Tisdale

1977).

The taxonomy of the soils suggest long-termdifferences in plant,
soil-water relationships between basin and Wyoming sagebrush
habitats. Soils associated with basin big sagebrush plants are Torrifluvents. These are Entisols that were formed by water deposited
sediments and are flooded, but not frequently. On the other hand,
the soils associated with Wyoming big sagebrush plants at Sage
Creek and Greasewood Wash are Haplargid and Camborthid,
respectively. Both Haplargid and Camborthid are Aridisols which
are characteristically dry (Soil Survey Staff 1975).
In addition to the apparent soil moisture gradients, there are
differences in the level of soil organic matter and fertility between
the soils associated with the two subspecies. Soils associated with
basin big sagebrush plants have higher organic carbon, nitrogen,
cation exchange capacity, potassium, and phosphorus than do
soils associated with Wyoming big sagebrush plants. However,
these differences may have occurred in response to differences in
site productivity sustained by favorable soil water. In general, soils
associated with basin big sagebrush plants are fertile and arable
(Fireman and Hayward 1952, Wallace and Romney 1972, Winward 1980).
Analyses of vegetal current year’s growth of basin and Wyoming
big sagebrush showed that mineral content appeared to be in the
same range as data reported in the literature (Fairchild and Brotherson 1980, Cough and Erdman 1980, Mayland and Murray 1979,
Wallace and Romney 1972) From an animal nutritional aspect,
Table 3. Mineral content of vegetal
big sagebrush plants.’

Mineral

anneal growthfor basinand Wyoming

Basin big sagebrush

Wyoming big sagebrush

N
Ca
Mg
P
K
Cl

--_%, oven dried weight-l.73b
1.98a
0.4la
0.38a
0.18a
0.16b
0.27b
0.33a
l.62a
l.48b
0.23a
0.25a

cu
Fe
Mn
Zn
Na
B

22.7at
121.2a
42.8a
30.7a
52.6a
lO.la

--PPM-l9.6a
171.4b
44.2a
20.0b
45.8a
ll.8a

r~aeb mean was the average of 18 plants. Those means that are follow4 by the same
letter for each mineral were not significantly different (KO.05).
JOURNAL OF RANGE MANAGEMENT

36(4). July 1993

basin big sagebrush plants do have a higher forage quality than
Wyoming big sagebrush
plants. Welch and McArthur (1979)
showed that during winter months basin big sagebrush plants
contained significantly higher levels of crude protein than Wyoming big sagebrush.
Even though the basin sagebrush habitat is more favorable for
plant growth than the Wyoming big sagebrush habitat, genetic
differences between the subspecies cannot be ignored when comparing growth variation. Barker (198 1)found polyploidy, chromatographic and growth rate differences between basin and Wyoming
sagebrush plants at the same 3 study sites. In addition, McArthur
and Welch (1982) reported that basin big sagebrush has a greater
growth potential than Wyoming big sagebrush. Other researchers
have also documented genetic variation between basin and Wyoming big sagebrush (Beetle and Young 1965, McArthur et al. 1981,
Winward and Tisdale 1977).
Summary

and Conclusion

Basin and Wyoming big sagebrush plants growing in contiguous
populations were studied to identify habitat differences in plant
water, soil, and tissue mineral relationships. The results of these
studies show that basin big sagebrush plants grow in a more mesic
and fertile habitat than do Wyoming big sagebrush plants when
found in contiguous populations. As a result, site conditions
should be considered when selecting big sagebrush subspecies for
range improvement projects such as wildlife habitat improvement,
soil stabilization and mined-land rehabilitation (Plummer 1977,
Plummer et al. 1968). For such improvement projects to be successful, big sagebrush subspecies and ecotypes should be selected
that are adapted to the environmental conditions of the site.
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Comparison of Big Sagebrush Vegetation in
Northcentral New Mexico under Moderately
Grazed and Grazing Excluded Conditions
JERRY L. HOLECHEK

AND THOR STEPHENSON

Abstract
Vegetation canopy cover on upland and lowland sites inside and
outside a ZZyear-old exciosure in big sagebrush (At-tern& tridentutu trident&z) range was evaluated by sampling for canopy cover.
The area outside the exciosure had received moderate use of grazabie forage by cattle in the late winter and spring for the past 22
years. The two sites did not show a consistent response to grazing.
Big sagebrush canopy cover was higher inside the exciosure on the
upland site and higher outside the exciosure on the lowland site.
Big sagebrush dominated the canopy cover both inside and outside
the exciosure on both sites and relatively little understory was
present. Forbs were nearly absent from the area, which is atfributed to a past history of heavy sheep grazing. Elimination of
grazing had little effect on vegetation composition on both sites
studied.

Because of its size (approximately 50 million hectares) the big
sagebrush (Artemisia tridentata) range type is of considerable
importance in the western United States. Major provinces within
the big sagebrush range type include the following: Columbia
River (Hironaka 1979); the Great Basin (West 1979); the high
plains of Montana, Wyoming and the Dakotas (Johnson 1979);
and the Colorado plateau (West 1979). The Colorado plateau
province of southwestern Colorado and northwestern New Mexico has had the longest history of livestock grazing, which dates
back to the seventeenth century (Carlson 1969). Because of both
widespread and heavy grazing in the nineteenth and early twentieth
centuries by first sheep and later cattle (Wooten 1908), little is
known about the original vegetation. Our review of the literature
shows the Colorado Plateau has received the least study of the four
big sagebrush provinces. Information concerning successional
changes that result from reduction or removal of livestock grazing
pressure is not available for this province.
Exclosures can be a useful tool to the range manager for evaluating and interpreting both short-term and long-term grazing influences of domestic and wild animals (Daubenmire 1968). Moderate
to light grazing appears to be beneficial to most range plant communities (Holechek 1980) although further study is needed.
Changes in vegetation that result from grazing management are
difficult to separate from those that result from changes in climate
unless ungrazed areas are available for comparison with grazed
areas within the same pasture.
The objective of this study was to compare the vegetation canopy cover of different moderately grazed basin big sagebrush
(Artemisia tridentata tridentata) sites in northcentral New Mexico
with that of the same sites when they had received 22 years of
protection.
Authors are associate professor of range ecology and graduate research assistant.
Department
of Animal and Range Sciences, New Mexico State University, Las
Cruces 88003.
This report is article 900. Agricultural Experiment Station, New Mexico State
University, Las Cruces 88003.
Manuscript received October 10, 1981.
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Methods

The study area was located 40 km northwest of Taos, N. Mex., in
a 25-35 cm precipitation zone at 1800-2,000-m elevation. Most
(65%) of precipitation occurs in the spring and summer; July and
August are months of peak rainfall. Soils of the area belong to the
order aridisol and the suborder argid due to their high clay content.
Soil texture ranges from a clay loam on lowland sites to a silty clay
loam on upland sites. Soil depth averages about 170 cm on lowland
sites and 140 cm on upland sites.
Vegetation is heavily dominated by big sagebrush (Artemisia
tridentata tridentata) with an understory of primarily blue grama
(Bouteloua gracilis) on the upland sites and western wheatgrass
(Agropyron smithii) on the lowland sites. Other species found on
the study area included fourwing saltbush (Atriplex canescens),
galleta (Hilaria jamesii), common winterfat (Ceratoides lanata),
cactus (Opuntia sp.), scarlet globemallow (Sphaeralcea coccinea),
Russian thistle (Salsola kali), broom snakeweed (Xanthocephalum
sarothrae), summer cypress (Kochia seoparia), ring muhiy
(Muhlenbergia torreyi), and crested wheatgrass (Agropyron cristaturn) (Stephenson 1982). Forbs are almost entirely absent with the
exception of well-traveled roadsides.
The pasture selected for study is controlled by the Bureau of
Land Management. We believe it is typical of big sagebrush ranges
in northern New Mexico in terms of precipitation, soils, vegetation, grazing history, and grazing management. It is characterized
by relatively flat roiling terrain (uplands) with slight depressions
(lowlands) caused by waterdrainage. Uplands compriseabout 80%
of the area with lowlands comprising about 20%. During the past
25 years the study pasture had been grazed by cattle at a moderate
stocking rate (30 to 50% use of current years growth) during the
late winter and spring until early June. in 1958 an exclosure of
approximately 16 ha was built with woven wire to prevent use by
both livestock and game animals. It was located in a “key area”as
discussed by Stoddart et al. (1975). The western half of the exclosure was on a lowland site and the eastern half was on a upland site.
A modification of the line-intercept procedure of Canfield
(1941) was used tosamplevegetationcanopycoverin
August 1981.
For sampling canopy cover, a stick of Im in length incremented in
millimeters was used instead of an extended line. Eight transects
were randomly selected based on consecutive numbering of fence
posts at the west and east ends of each exclosure. Ten-meter buffer
areas immediately inside and outside the ends of each exclosure
were omitted from sampling to avoid influences of the fence. Each
transect involved IO subunits of 5m in length. Cover was sampled
for all 10 subunits of each transect by perpendicular orientation of
the meter stick to the left side at the end of each subunit. Two
observers independently sampled each location. The number of
jackrabbit pellets intercepting the meter stick was recorded for all
subunits. A one-way completely randomized design with observers
as subsamples was used to evaluate experimental results (Steel and
Torrie 1960).
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Table 1. A comparison of vegetation canopy cover Yo on 2 sites in a
moderately grazed pasture and a 22 year old exclosure.

Upland site
Plant species
Big sagebrush
Fourwing
saltbush
Winterfat
Total shrubs
Broom snakeweed
Scarlet
globemallow
Russian thistle
Total forbs
Galleta
Blue grama
Western
wheatgrass
Ring muhly
Total grasses
Total Cover
“%ignificant at X.05

Outside
exclosure

Lowland site

Inside
exclosure

Outside
exclosure

Inside
exclosure

13.6
0.2

8.5
0.3

14.2”
0.1

19.0b
0.1

0. I
14.4”

19.1b

0.2
0. I

0.2
0.1

<o. I
0. I

<o. I
<o. I

<o. I
0.4

<o. I
0.4

0.2

0.2

<o. I
2.1”
<O.I

<o. I
l.3b
<O.I

4.78
0.6”

<o. I
I.2b
2.3b

<O.I
2.9”

0.1
lSb

I.0
6.3’

0.6
4.1b

17.7

0.0

21.0

13.8’

20.3

8.8b

13.1’

within site.

Results and Discussion
The interaction between site and grazing treatment was significant (X.05) (table 1). Big sagebrush canopy cover was significantly (X.05) greater outside than inside the exclosure on the
lowland site while the reverse was true on the upland site. Blue
grama canopy cover was greater outside the exclosure than inside
the exclosure on both sites. Western wheatgrass canopy cover was
reduced outside the exclosure compared to inside the exclosure on
the lowland site. Other species were present in such low amounts
that no conclusions can be drawn concerning grazing.
The reduced canopy cover of western wheatgrass and the greater
canopy cover of blue grama on the grazed area compared to the
ungrazed exclosure on the lowland site are explained by past
grazing management. Western wheatgrass growth occurs primarily in the spring while that of blue grama occurs during the summer
(Albertson 1937). Under the past regime of spring grazing and
summer rest, blue grama is favored over western wheatgrass.
Jackrabbit pellets did not differ significantly (K.05) between
areas inside and outside the exclosure at either site. The number of
pellets per transect was less than one. This suggests jackrabbits had
small influence on the vegetation.
The almost totalabsence of forbs on both sites may have resulted
from) 2 centuries of widespread heavy grazing by sheep. Large
numbers of sheep grazed this area as early as the late 1600’s
(Carlson 1969). However, the complete lack of ungrazed relict
areas and early descriptions of vegetation for the area make the
previous statement speculative. It does appear that present grazing
management has had little influence on vegetation composition.
The lower canopy cover of sagebrush and higher canopy cover of
blue grama on the grazed upland site compared to the exclosure
suggests that grazing may actually have been beneficial on this site.
Unfortunately, records are unavailable on the vegetation composition of the sites studied when the exclosure was built. However, complete dominance of big sagebrush and lack of understory
vegetation both inside and outside the exclosure indicates that little
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improvement in range condition has occurred over the past 22
years regardless of grazing.
Our results are consistent with several other studies showing that
recovery of depleted rangeland is slow to nonexistant in arid
environments (Anderson and Holte 1980, Gardner 1950, Hughes
1980, Norton 1978, Rice and Westoby 1978, Smeinsetal. 1976). ln
southeastern Idaho, Anderson and Holte (1980) reported that
canopy cover of big sagebrush increased 54% and minimal recovery of understory grasses occurred under 28 years of complete
protection from grazing. Hughes (1980) found that 25 years of
protection from grazing resulted in a 30 to 40% density increase in
big sagebrush with a similar decrease in grasses in northwestern
Arizona.

In conclusion, total elimination of grazing for 22 years did not
cause any real improvement in range condition on upland or
lowland sites when compared with adjacent moderately grazed
areas. The heavy dominance of big sagebrush and lack of understory indicates very poor condition for both livestock and wildlife
on both sites. Control of big sagebrush coupled with reseeding
using a mixture of grasses, forbs and shrubs appears to be the most
practical means of range improvement.
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A Method for Mapping Vegetation Utilizing
Multivariate Statistical Techniques
TERRY MCLENDON AND BILL E. DAHL
Abstract
Principal component analysis and stepwise discriminant analysis were used to map the vegetation of the Pat Welder Ranch on the
Texas Coastal Plains into 5 vegetation types based on relative
frequency data of the major plant species. These 5 types were
shown to be subdivisions of 2 plant communities previously
reported for the area by researchers utilizing conventional mapping techniques. In addition to separating the 5 types and classifying the 140 sample points into their respective types, the technique
provided a key for field separation of the types based on 3 vegetative variables, and provided indicator species values for rapid field
identification of the types. The technique is presented as a means of
mapping vegetation with a minimum of human bias, a maximum
of repeatability and information content, and maximum
applicability.
The traditional method of mapping the vegetation of an area has
been for a worker to separate various locales into vegetation types,
communities,
or associations
based on observed similarities or
dissimilarities
in species distributions
or structure. This has the
disadvantage
of being based on personal subjective biases. An
improvement
over this “eyeballing” method can be made by the
addition of quantitative
data on which decisions are made; frequency, biomass, cover, trunk or stem diameter, etc. However,
much of the qualitative judgement
remains in deciding how the
data are to be used, what constitutes
sufficient differences
to
separate groups, and what weight should be given the various
measurements.
Given the same data, but working separately, it is
quite possible for 2 workers to arrive at different conclusions
concerning the same area.
It would seem desirable,
therefore,
to develop a method of
mapping vegetation, or any resource, which would minimize the
personal bias of the investigator, maximize the repeatability of the
results, maximize the information
content, and be applicable to a
maximum number of situations. Oneapproach
to such a method is
presented.

Description

of Area

This study was conducted
on the Pat Welder Ranch in San
Patricia County on the Texas Coastal Plains. The area is relatively
level except where intersected by creeks and rivers. The ranch is
drained by intermittent
streams which flow into the Aransas River
3 km to the northeast. Elevation ranges from 4 to 20 m above sea
level.
Thornthwaite
(1948) classified the climate of the area as dry
subhumid and megathermal.
Total annual precipitation
for the
study area averages 835 mm with a high of 1,486 mm and a low of
346 mm. The mean January minimum temperature is 8OC and the
mean July high temperature
is 33OC (United States Weather
Bureau 1961).
Authors are range and ecological
7836% and professor,
University,
Lubbock.

Department
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Godfrey et al. (1973) described the soils of the study area as
poorly to moderately drained, cracking clayey soils and mostly
poorly drained soils with loamy surface layers and cracking clayey
subsoils. Tharp (1926, 1939) placed the study area into a Coastal
Prairie vegetation type, described as large stretches of level grassland, with local areas of well-developed woodland. Box( 196l)and
Box and Chamrad (1966) described the plant communities on the
adjacent Welder Wildlife Refuge. The 16 communities
that they
separated were:
Communities
of clay and clay loam sites
Mesquite-buffalograss,
Chaparral-bristlegrass,
Prickly pearshottgtass,
Halophyte-cactus,
Paspalum
aquatic
weed,
Cordgrass, and Huisache-buffalograss
Communities
of sandy and sandy loam sites
Bunchgrassannual
forb, Colubrina-bunchgrass,
Huisachebunchgrass,
Chittimwood-hackberry,
and
Live oakchaparral
Communities
of bottomland
sites
Hackbetry-anacua
and Woodland-spiny
aster complex
Communities
of aquatic sites
Spiny aster-Longtom
and lakes and ponds.
The Welder Wildlife Refuge borders on the Atansas Rivet and as a
result has a greater complexity of plant communities than might
normally be expected for an area of its size. The river bottom and
associated aquatic sites account for 8 of the 16communities and do
not occur in significant amounts on the Pat Welder Ranch.

Methods
During the summers of 1970 and 1973, 140 points were selected
on aerial photographs
of the Pat Welder Ranch by a stratified
random process, with stratification
based on pastures. A sample
point was designated on the ground corresponding
to each of the
points on the photographs.
Ten 40 X 40 cm plots were located
along a north-south
transect from each point at 5-m intervals. and
presence of all species within the plots were recorded. A grass or
forb species was recorded as present if it was tooted within the
frame and a brush species was recorded as present it if was either
tooted in ot its canopy covered any part of the area within the plot
frame. From the raw frequency data, a relative frequency value was
computed
for each species at each point by dividing the total
number of plots, at that point, in which the species occurred by IO.
The variable ‘number of species’ was computed by determining the
total number of individual species which were found to occur in the
IO-plot total at each point.
It is recognized that frequency data are not always desirable as
the single criterion for vegetation mapping. The use of such in this
study was the result of previous data collection in a limited time
span for completion of the work. However, the mapping technique
remains the same whether frequency, density, covet, biomass, or
any other variable ot combination
of variables is used.
Before statistical analysis began, the number of species and
frequency variables were reduced. All annual species and those
perennial grass and fotb species which rarely occurred were eliminated from the model. The annual species were eliminated because
of potential yearly and seasonal fluctuations.
The one exception
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was Texas broomweed

(Xanthocephalum
texanum), which was
retained because it was so widely distributed and occurred with
such high frequencies that the yearly variation was considered to be
small. A total of 35 variables were then available for use in the
statistical analysis: number of species, the relative frequencies for
the 33 major perennial
species, and the frequency of Texas
broomweed.
All statistical analyses used in the mapping technique assume
either a normal or a multivariate
normal distribution
for the
variables. The univariate distributions
for each of the variables
were estimated by plotting the frequency classes of the values of the
sum of the 140 observations.
Of the 35 potential variables, only 9
had any possibility of a normal distribution. The normality of these
9 distributions
were tested by the Chi-Square
Goodness of Fit
Method (Snedecor and Cochran 1967). Of these 9 variables, 6 were
rejected at the 95% probability
level. The three remaining were
frequency, and
number of species, mesquite (Prosopisglandufosa)
ragweed (Ambrosiapsilostachya)
frequency. The knotroot bristlegrass (Setariageniculata)
frequency variable was a marginal rejection. A shift of only one value out of the 140 (an 8 to a 7 or less)
would have been sufficient to keep from rejecting the null hypothesis. Consequently,
the bristlegrass frequency variable was not eliminated from the model; the advantage of increasing the variables to
4 was considered to outweigh the disadvantage of the slight deviation from a normal distribution.
It should be recognized that the
fact that the distributions
of the 4 variables can be estimated to be
normal (or nearly so) does not indicate that their combined distribution is multivariate
normal. It does, however, increase the
probability.
Once the model was reduced to contain only variables approximately normally distributed, 2 procedures remained: (I) to separate the I40 locations (samples) into p significantly different groups,
and (2) to describe these p groups and test the classification of the
140 locations. Principal component
analysis (BMD-OIM, Dixon
1973) was used for the original classification of the 140 locations
into groups. Principal component
analysis is a multivariate technique that was used in this procedure to accomplish two goals:
reduce the sample variables (some of which are often significantly
correlated) into a smaller set of independent
linear combinations
(the principal components)
in such a manner as to maximize the
variance between these combinations,
and secondly to initially
separate the observations
into groups. This first goal results in
information
content being maximized and correlation minimized.
The second goal is required as a result of the fact thatdiscriminant
analysis requires an initial grouping of the observations.
Basing
this initial grouping on principal component
analysis reduces a
major source of human bias. Overall and Klett (1972) suggested
that principal component
analysis be used where the aim is to
describe differences between observations in a heterogeneous sample in terms of a relatively few composite variables. Seal (1964)
listed a number of limitations to the use of principal components
and these should be considered before the method is applied, with
alternative methods utilized if required. Perhaps the most important of these limitations is that if the off-diagonal elements of the
correlation
matrix are approximately
equal, then the interpretive
value of a principal component analysis of this matrix is questionable (Seal 1964).
The 140 locations were plotted on a 2-dimensional graph on the
basis of their respective values of the first 2 principal components,
with the first principal component plotted along the Xaxisand the
second along the Y axis. These two components accounted for 61 yc
of the total variance.
The maximum
number of groups which can be separated by
discriminant
analysis is one more than the number of variables
used. Since there were only 4 vegetation variables remaining in the
model, the graph of the results of the principal component analysis
was divided into 5 equal areas, each area corresponding
to one
group. The 5 groups were: (I) those points nearest zero for both
principal components,
(2) those points with a high positive value
for component Ye and a high negative value for component Yl, (3)
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those points with a high positive value for both components,
(4)
those points with a high positive value for component Y1 and a high
negative value for component Yz, and (5) those points with a high
negative value for both components.
This method can be compared with the 9 group separation used by Overall and Klett (I 972).
It should be repeated that the maximum number of initial groups is
bounded by the number of variables used in the analysis and the
division of the graph is in turn dependent on this number.
Once the graph was divided into the 5 segments, each of the 140
locations was assigned to one of the 5 groups on the basis of its
location on the graph. These 5 groups were then entered into a
stepwise discriminant analysis(BMD-07M,
Dixon 1973). Discriminant analysis was used to achieve 3 goals: (I) test for significant
differences between the initial groups, (2) final classification of the
observations into their respective groups, and (3) description of the
groups based on the original sample variables. The group descriptions provided
measurements
of relative similarities
between
groups, means and variances of the variables within each group,
and those variables and their values most useful in group separation and classification of new observations (i.e., indicator species).
The significance of the differences between the groups was based
on the matrix of F-statistics testing the equality of means between
each pair of groups and the classification of individuals was based
on the square of the Mahalanobis distance from each group. The
discriminant
analysis was considered complete when all groups
were significantly different from each other (95% level) and all
locations were in the propergroups
based on minimum Mahalanobis D2.
Upon the final iteration of the discriminant analysis, each group
was considered
to be a vegetation type, characterized
by those

Fig. 1. Two-dimensionalpresentation of the D-‘-valuesbetween the means
of thefive vegetation rypes of the Pat Welder Ranch.
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species (regardless of distribution) which had the highest frequency
values for that group. Each location classified into that type was
located on a map of the Pat Welder Ranch. The boundary lines
between the types were drawn on the basis of observable differences on aerial photographs between the plotted locations (Fig. 1).
Results and Discussion
The general aspect of the vegetation of the study area is a
Mesquite-mixed brush community. Any subdivision of this general classification is based on species variation in the mixed brush
and understory components. This was accomplished by the discriminant analysis. Five significantly different (95% probability
level) vegetation types were separated and characterized on the
basis of the variables entered. The 5 types and the values of the
species with largest frequency values are summarized in Table 1.
Two possible methods for determining the similarities between
the types are F-values and Mahalanobis D* values, both taken
from the discriminant analysis and presented in Table 2. From
these values and the two-dimensional presentation in Figure 1,
Types 1 and 2 appear to be most similar, followed by Type 4. Types
Table 1. Summary of the 5 vegetation types of the Pat Welder Ran&San

Frequency
Standard
Mean
Deviation
(%)
(%)

Species
Type I. Mesquite-Ragweed
Overstory
Mesquite
Blackbrush
Understory
Ragweed
Broomweed
Sida
Bristlegrass
Oxalis
Buffalograss
Number of species

(Blackbrush Phase):

Type 2. Mesquite-Ragweed
Overstory
Mesquite
Blackbrush
Huisache
Granjeno
Understory
Ragweed
Oxalis
Broomweed
Sida
Texas wintergrass
Buffalograss
Cassia
Bristlegrass
Dallisgrass
Tumble windmillgrass
Silver bluestem
Number of species

(Mixed brush Phase):

Type 3. Mesquite-Bristlegrass:
Overstory
Mesquite
Blackbrush
Understory
Bristlegrass
Ragweed
Broomweed
Sida
Silver bluestem
Texas wintergrass
Number of species
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41
20

17.7
23.4

65
25
23
I9
IO
IO
21

11.7
21.6
28.9
12.5
19.0
20.8
3.8

59
I8
IS
I2

19.8
21.8
21.8
15.8

86
35
29
22
I7
I5
I4
I2
II
II
II
30

Il.4
31.7
26.9
18.6
27.4
21.2
12.4
12.6
18.8
21.4
12.6
5.7

53
I?

21.6
23.4

61
79
33
I3
IO
IO
21

15.0
15.3
26.8
18.3
15.9
20.0
4.4
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3 and 5 are most dissimilar. Types I, 2, 3. and 4 are apparently
subdivisions of the chaparral-bristlegrass community reported by
Box and Chamrad (1966). Overstory vegetation is composed primarily of mesquite and blackbrush (Acacia rigidulu), with various
additional overstory species. Understory composition is variable
depending on which of the 4 types is studied. Type 5 appears to be
similar to the huisache-buffalograss community of Box and Chamrad (1966) with mesquite density greatly increased.
The first canonical variable of the discriminant analysis had an
eigenvalue of 4.85 and accounted for 68% of the total dispersion of
the observations. This variable was primarily composed of a combination of the ragweed and bristlegrass frequency variables. The
second canonical variable consisted of bristlegrass-ragweed contrast and had an eigenvalue of I .90, and when combined with the
first canonical variable, accounted for 95% of the total dispersion.
Figure 2 presents the means of the 5 types as plotted against the
first 2 canonical variables. The confidence intervals shown are
based only on the variance of the first variable. From thisdata, it is
apparent that Type 3 and Type 5 are separated from the remaining
3 types on the basis of high bristlegrass and ragweed frequencies

Patricia Co., Texas as determined

Species
Type 4. Mesquite-Blackbrush:
Overstory
Mesquite
Blackbrush
Huisache
Understory
Bristlegrass
Broomweed
Ragweed
Sida
Buffalograss
Number of species
Type 5. Mesquite-Buffalograss:
Overstory
Mesquite
Huisache
Blackbrush
Understory
Buffalograss
Sida
Broomweed
Ragweed
Oxalis
Cassia
Bentgrass
Bristlegrass
Number of species

by multivariate

statistical methods.

Frequency
Standard
Deviation
Mean
(o/c)
(%)

37
33
I3

27.2
29. I
13.7

49
34
30
18
I4
23

14.1
25.5
15.6
14.6
31.5
6.1

46
I3
I2

22.0
12.4
19.4

33
29
27
23
20
16
II
10
22

37.6
28.0
26. I
14.6
28.1
20. I
17.8
9.8
5.7
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Table 2. F-values (lower offdiagonal

elements) and Mahalmobis D*values (upper offdiagonal elements) indicating the similarities of the
group means of the five vegetation types of the Pat Welder Ranch as provided by discriminant

analysis.

Types

1

2

3

4

5

1

-

2
3
4
5

18.32
62.51
35.12
57.26

9.09
56.33
51.54
63.20

18.18
24.84
48.85
158.57

14.52
27.29
22.10
31.15

16.49
26.76
48.07
15.33
-

(Type 3) or low bristlegrass and ragweed frequencies (Type 5). The
second canonical variable then separates the remaining 3 types on
the basis of a bristlegrass-ragweed contrast. Type 2 has a high
ragweed frequency but a low bristlegrass frequency, Type 5 a high
bristlegrass and low ragweed frequency, and Type 1 is intermediate
in ragweed but low in bristlegrass.
The third canonical variable corresponded to a ragweed vs.
(mesquite -I- species number -I- bristlegrass) contrast, had an eigenvalue of 0.34, and accounted for 99% of the dispersion when
combined with the first 2 variables. The fourth canonical variable
was primarily the mesquite frequency variable and had an eigenvalue of 0.04. The equations of the 4 canonical variables were:

Table 3. Characteristicvalues of indicator species and summary of major species frequenciesof the 5 vegetation types of the Pat Welder Ranch, San Patricia
Co., Texas.
Type
I. Mesquite-

(blackbrush)ragweed

2. Mesquite(mixed)-ragweed

Class I Indicators

Ragweed
Bristlegrass
Dallisgrass

Ragweed
Bristlegrass
Mesquite

Class II Indicators

Overstory
Mesquite
Blackbrush
Understory
Ragweed
Sida
Broomweed
Bristlegrass

>40%
< 5%
< 5%

> 60%
<40%
> 2%

Major species frequencies (%)

Granjeno
Windmillgrass
Texas
wintergrass
Huisache

> 10%
> 10%
> 50%
>40%

Overstory
Mesquite
Blackbrush
Huisache
Granjeno
Understory
Ragweed
Oxalis
Broomweed
Wintergrass
Sida
Buffalograss
Windmillgrass

5- 80
o- 70
40-100
0- 80
o- 70
o- 45
20-100
0- 65
0- 60
o- 45
60-100
O-100
0- 85
o- 75
0- 60
0- 60
0- 55

3. Mesquitebristlegrass

Ragweed
Bristlegrass

> 45%
> 3%

Bristlegrass
Silver bluestem

> 80%
>40%

Overstory
Mesquite
IO- 95
Blackbrush
0- 65
Understory
Ragweed
45-100
Bristlegrass
30- 95
Broomweed
o- 90
Texas wintergrass 0- 50

4. Mesquiteblackbrush

Ragweed
Bristlegrass

< 65%
> 20%

Blackbrush

> 70%

Overstory
Mesquite
Blackbrush
Huisache
Understory
Bristlegrass
Broomweed
Buffalograss
Ragweed
Sida

5. Mesquitebuffalograss

460

Ragweed
Bristlegrass

c 55%
< 30%

Bentgrass
Buffalograss
Cassia

> 10%
> 80%
>40%

Overstory
Mesquite
Blackbrush
Huisache
Understory
Buffalograss
Sida
Broomweed

b- 95
o- 95
o- 40
20oo0o-

80
85
75
60
45

5- 90
o- 50
o- 40
O-100
0- 85
0- 80

Oxalis
Cassia

o- 75
o- 55

Raeweed

o- 50
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canonical variables.

CVt = 3.90 - 0.63 (ragweed) - 0.58 (bristlegrass) -I 0.06 (number of
species) + 0.03 (mesquite)
CVe = -I .75 -0.54 (bristlegrass) -I- 0.42 (ragweed) -I 0.04 (number of
species) - 0.03 mesquite)
CVs = 4.86 - 0.20 ) mesquite - 0.18 (number of species)- 0.16 (bristlegrass) + 0.12 (ragweed)
CVs = -0.09 + 0.44 (mesquite) - 0.07 (number of species) - 0.05 (ragweed) - 0.04 (bristlegrass)
The low eigenvalues
with the corresponding

for the third and fourth canonical variables
ability of the 2-variable model to account

for 95% of the dispersion suggests that the species number and
mesquite frequency variables could be eliminated from the model.
The approximate F-value however, indicates significance at the
95% level for even the fourth variable, mesquite frequency.
The preceding analysis allows for the following key for the
classification of an observation into 1 of the 5 vegetation types
based on the 4 variables.
A. Western ragweed frequency less than 50%
B. Knotroot bristlegrass frequency less than 25%
Type 5. Mesquite-buffalograss
B. Knotroot bristlegrass frequency greater than or equal to 25%
Type 4. Mesquite-blackbrush
A. Western ragweed frequency greater than or equal to 5%
C. Knotroot bristlegrass frequency greater than or equal to 40%
Type 3. Mesquite-bristlegrass
C. Knotroot bristlegrass frequency less than 40%
D. Number of species less than 25
Type I. Mesquite-(blackbrush)-ragweed
D. Number of species greater than or equal to 25
Type 2. Mesquite-(mixed)-ragweed
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Table 4 presents a general summary of the frequency values
expected to occur for the major species of each of the 5 types, based
on the confidence intervals of the means. In addition, 2 classes of
indicator species values are presented for the types. The Class 1
values hold true for every location classified into the respective
type, i.e., no location can be a given type without meeting these
values for that type. The converse, however, is not necessarily true,
i.e., a location of a specific type may also meet the Class 1criteria of
another type. Class 11 values hold true only for the specific type
listed, e.g., no Type 2 location fits the Class 11criteria of any other
type. Again, the converse is not necessarily true. A location of a
given type may exist without meeting the Class 11indicator values
for that type. The usefulness of the indicator values is in rapid
identification of an area into its respective vegetation type. If an
investigator believes he is in an area of a given type, it must at least
fit the Class 1 values. If it also fits the Class II values, it can be
validated as that type.
As indicated by the data in Table 3 and Figure 1, Types I and 2
are most similar. Both have overstories dominated by mesquite,
with blackbrush the only other major overstory species, and an
understory composed primarily of forbs, with bristlegrass frequency being relatively low. Type 2 appears to be the more developed of the two. The overstory is more complex and more dense.
Mesquite frequency increases and huisache (Acacia farnesiana)
and granjeno (Celris pallida) become major components. Blackbrush and huisache were shown by the discriminant analysis to be
significantly negatively correlated. Grasses also increase in importance in Type 2, with 3 species becoming major components. The
increase in huisache frequency and the frequencies of the 3 grass
species suggest improved soil moisture conditions for Type 2 as
compared to Type I. Livestock grazing might also have contributed to the differences, with Type I being a more severely grazed
phase of Type 2.
Types 4 and 5 are the next most similar types, with similar
differences as were shown for Types 1 and 2. The overstory of Type
4 is composed of similar amounts of mesquite and blackbrush, with
some huisache. In Type 5, blackbrush frequency decreases to the
level of huisache. This may also indicate improved moisture conditions for Type 5. Observations over large areas of South Texas and
northeastern Mexico indicate that as sites become drier, often
because of a decrease in soil depth, blackbrush increases in density.
Bristlegrass is the most frequent understory species in Type 4, and
buffalograss (Buchloe dactyloides)
is of much lower density. The
opposite is true for Type 5, buffalograss is the most frequent grass
species and bristlegrass is a minor component. The frequency
ranking of the forb species is also reversed for the two types.
Type 3 is the most distinct of any of the 5 types. It has mesquite
and blackbrush as major overstory species and ragweed and bristlegrass as major understory species, as does Type 4. This may
indicate that Type 3 is a development of Type 4, further developing
those differences which separated Type 4 and Type 5. The ragweedbristlegrass understory structure is most developed within Type 3.
Two suggestions will be made for the further development of the
vegetation map of the Pat Welder Ranch. First the map should be
checked and revised on the basis of additional ground reconnaissance to check the accuracy of the boundary lines, and data should
be collected at additional locations to check the accuracy of the
types. Secondly, it would seem advantageous to resample the
present 140 locations at future intervals, e.g., every 5 years. This
would provide a measure of vegetation change over time. New
maps and perhaps new types could be developed at each time
interval for purposes of comparison. This mapping system has
made no assumptions as to what the potential, original, or climax
vegetation of the study area is or was. It simply maps what is now
there. A time series of such maps, perhaps covering more area than
just the ranch, would seem to be useful in understanding the
vegetation dynamics of the central Texas coast.
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Unbiased Systematic Sampling Plans for
the Line Intercept Method
SUSAN ANN BUTLER AND LYMAN L. MCDONALD

Abstract
Experimentors have been using cost-efficient systematically
located transects in the line intercept method for some time with
little support from mathematical statistics. In this paper, it is
shown that for rectangular regions the usual line intercept estimators for cover, density, and other attributes are unbiased for certain
systematic sampling plans. The estimators are approximately
unbiased for “large” irregularly shaped study regions.
Consider line intercept sampling in a situation in which particles
or items to be sampled are distributed
across a study region. In
general, the particles may be of any shape and size and may possess
an arbitrary spatial distribution.
For instance, the particles may be
shrubs or patches of vegetation in a field, cells on a slide, or the
projection of logs on the forest floor. It is often of interest to study
certain quantitative characteristics
of these particles. One might be
interested in the number of particles per unit area, density, the
proportion
of the study region covered by particles, percentage
cover, or such attributes as weight, size, yield, biomass, etc.
Consider a study region of area A and define the following
parameters (usually unknown and to be estimated):
N = The total number of distinct particles in the study region.
D = N/a = Density, the number of particles per unit area.
= The area covered
by particle, i, +I,2 ,..., N.
ai

+I

= Percentage cover, the proportion
A
region covered by the particles.
Xi = Any fixed, measurable attribute associated
particle, i=1,2 ,..., N.
c=

2
x

=

i=’

of the study
with the ith

Xi

The total quantity of the attribute
area.
Sample data available will include:
K = The number of transects in the sample.
4 = The length of the jth transect, j=1,2 ,..., k.
=

per unit

A

L =

3

Lj= The total length of the transects.

j=l

n = The number of distinct particles intersected.
of the i* particle and a
Yi = The length of the intersection
transect, i=1,2 ,..., n.
wi = The width of the ith intersected particle relative to the
transect, i.e., the distance between tangents of the particle
that are parallel to the transect, i=1,2,...,n.
=
The value of the attribute
associated
with the ith
Xi
intersected particle, i= I,2 ,..., n.
For illustration

see Figure

Most work to date in this area implies that data should be
collected from a single randomly located transect or from a simple
random sample of nonoverlapping
transects of equal length. For
example, Lucas and Seber ( 1977) derived unbiased estimators for
density, D, and percentage cover, C, for any spatial distribution
and a randomly
located transect.
DeVries (1979) derived an
unbiased estimator for density for long narrow particles and a
single randomly located transect, and Eberhardt (1978) derived an
unbiased estimator of density using parallel but randomly located
transects.
McDonald
(1980) showed that the Lucas and Seber
estimators
for density and percentage cover are unbiased for a
simple random sample of unequal (random) length transects.
It is the purpose of this paper to show that the estimators for
density, percentage cover, and other attributes, are unbiased for
certain systematic
sampling
plans. In the interest of simple
notation
and illustration,
a single study region is addressed.
However,
non-homogeneous
or large study regions may be
stratified into smaller strata. Rectangular strata are preferred for
systematic
line intercept
sampling.
Pooling
of estimates
for
inference toward a larger area follow the standard methods e.g.,
Cochran (1977).

Systematic Sampling Plans and Estimation
Case I. Rectangular Study Regions.
First consider an ideal situation in which the study region is
rectangular
of size L by W. Transects may be randomly located
along the baseline, one side of the study region, and extended
perpendicularly
from the baseline across the entire region.
Eberhardt (1978) derives the unbiased estimator for density.

;
d=

wi’

0)

L

I.
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where wr is as defined previously and L is the length of a randomly
located transect constructed
perpendicularly
to the baseline.
Instead of randomly locating the transects, systematically locate
parallel transects. To do so, determine the distance, d. between
463
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can be shown to be unbiased for a systematic sample of parallel
transects in rectangular study regions.

vv’
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Case II. Irregular Shaped Study Regions.
Devries (1979) derived the probability that a randomly tossed
needle (a well-defined longest chord of a particle) intersects a
straight line in a plane using a solution to a modified version of the
Buffon needle problem. Using this probability, he derived the
unbiased estimator for density,

)
I

I

I

+d

sd

Ad

I

56

w

Fig. 2. Illusrration of rhe systematic location of 6 transecrs in a rectangular
study region. The first transeci is randomly located.

transects such that d is large with respect to wi, the width of the ith
particle. This will insure that no particles are intersected twice. It is
also convenient to pick d such that w/d = r is an integer. The first
transect is then randomly located in the interval [O,d]. Because the
transect is randomly located and every particle is in some interval,
the probability that the ia’particle is intersected is
pi=

vvi
d

(2)

Subsequent transects are placed parallel to the first and d units
apart. For illustration see Figure 2. Because the first transect is
randomly located in the interval [O,d] each of the other transect’s
starting points could be anywhere in their respective intervals.
Thus, for any particular interval the probability of intersection is
still as in Equation (2) and the estimator

=
kL

k

(3)

is unbiased for density. For further details of the proof, see the
Appendix.
The rectangular study region naturally extends to the situation
in which the region is not one large rectangle, but may be divided
into r smaller rectangles. Each rectangle may be sampled with one
random transect or a systematic sample of two or more transects.
Density is estimated in each sub-rectangle and density for the entire
study region may be estimated by the unbiased estimator.

where L is the length of the transect, and er is the length of a welldefined longest chord of the intersected particles, i= 1,2,...,n. The
original Buffon needle problem consists of randomly dropping
needles on a grid of equidistant parallel lines in a plane. Solomon
(1978) showed that the probability, p, of the ith randomly placed
needle intersecting a line is
p,2ci -9
(8)
ml
where d is the distance between lines. In order to avoid a needle
intersecting two lines and to avoid problems with the boundary it is
necessary that Gil d, the center of the needle is in the plane, and the
lines are long relative to&. The derivation of pi is based on the fact
that the distribution of Oi, the acute angle between the closest line
and the needle, is uniform on the interval [0, R/ 21, the distribution
of m,, the perpendicular distance from the center of the needle to
the closest line, is uniform on the interval [O,d/ 21, and mi and & are
stochastically independent, see Figure 3.
In many situations, the particles are not randomly distributed,
i.e., reality is not equivalent to randomly dropping needles on a
grid of equidistant lines. However, suppose that the particles are
fixed, as they are, and that the grid is randomly dropped on the
particles. The distribution of Bi is still uniform on the interval [0,
rr/ 21, the distribution of mi is uniform on the interval [O,d/ 21, and
mi and & are still stochastically independent. Thus, the probability
of a line intersecting the longest chord of a particle is as in Equation
(8). A systematic sample constructed as follows will be equivalent
to randomly dropping a grid on the study region.

the weighted average of the individual estimates, where the weight
4, is the area of the jth rectangle.
In a similar manner, the estimators for percentage cover,
i
(J =

_

Yi

i=l

-7

k

and the total of an attribute
464

per unit area, X,

(5)

\
Fig. 3. 7?relongest chord (needle) of a particle intersecring a transect. 7he
value mi is theperpendicular
distancefrom the center of the chordro
closest transect. Zhe angle @iis the acute angle berween the chordand
closest transect.
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Fig. 4. A systematic sample taken by randomly locating apoint, p and then
randomly determining a direction, 8, for the first transect. Subsequent
transects are located parallel to ihe first and equidistant apart.

A systematic sample requires that the first transect be randomly
located and that subsequent transects be located parallelto the first
and equidistant apart. Random location of the first transect may
be accomplished by one of two procedures. In the first procedure,
the first transect is located by randomly locating a point in the
study region, randomly determining a direction at the point, and
passing the transect through the point in the direction specified. In
the second, determine a random point along a randomly located
baseline and then extend the first transect perpendicularly to the
baseline at that point. The transects may originate on one border
and terminate on the opposite border of the study region. (See
Figures 4 and 5.)
When a systematic sample is taken, the estimator for density

I

Fig. 5. A systematic sample taken by randomly locating a baseline, randomly locating thefirst transect along the baseline atpoint p, andplacing
subsequent transects parallel to the first and equidistant apart.

systematic sample may be constructed in one of the ways previously described. Assume the particles are “small” relative to the
length of the traysects and the distance between transects. (To
guarantee that the probability of partial intersections or intersection of a particle by more than one transect is negligible.) As in the
previous situation, the estimators of Equations (10) and (I I) are
potentially biased due to the curvature of the study region. Again,
if the curvature is slight, the lines are long relative to the size ofthe
particles, the particles are inside the study region, and the distance
between transects is small relative to the study region, then the bias
may be considered negligible for the systematic plans.
Discussion

(9)

is no longer unbiased. It has been suggested (Seber 1979) that two
possible sources of bias are introduced. First, the estimator is
biased by the curvature of the boundary of the study region. Thus,
D does not estimate the density for the exact study region. (See
Figure 6 and the Appendix.) Seber also suggested that the random
length of the transects introduces a second source of bias and
discusses a Jack-Knifing technique to reduce the bias. However,
McDonald (1980) showed that random lengths do not bias the
estimator and hence the Jack-knifing procedure is not necessary.
If the curvature is slight, the lines are long relative to the size of
the particles, the particles are inside the study region and the
distance between transects is small relative to the size of the study
region, the bias may be considered negligible for systematic sampling plans. The bias will be small if the combined area of the series
of rectangles suggested in Figure 6 is close to the area of the study
region, see the Appendix.
Lucas and Seber (1977) prove that for the case of a randomly
located transect and any size, shape, orientation, or spatial distribution of particles, the estimators

(10)
and

cyi
”

Investigators are often reluctant to use a systematic sampling
plan since spatial dependencies may be introduced into the data.
Rather than avoiding systematic sampling or ignoring the dependencies, one might model the correlation between data points and
use the correlation in the analysis of the data. This technique is
beyond the scope of the present paper and is addressed in Butler
(1981). The interested reader may also refer to Journel and Huijbregts (1978) where applications in mining and engineering are
considered. Even though exact variance estimators for systematic
sampling plans are not readily available, the variance estimates
from the standard estimators of simple randomsampling plansare
recommended and are usually conservative (i.e. too large). See
Mendenhall et al. (197 I) and Cochran (1977). The primary problem in using systematic sampling arises if unknown cyclic patterns
exist in the size, orientation, or spatial distibution of particles. The
=

1

\

I

,

---k-are unbiased for density and percentage cover respectively.
Instead of one randomly located transect or simple random
sample of transects, assume that a systematic sample of k parallel
unequal length transects extend from border to border across a
fixed study region containing N particles of any distribution. The
JOURNAL

OF RANGE MANAGEMENT

36(4), July 1963

c

Fig. 6. Six transects systematically
located in an elliptical shaped stud.v
region. Ifdensity, percent cover, or another attribute are estimated, the
estimates are unbiasedfor the area enclosed by the rectangles and biased
for the elliptical study region.
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dotted for private, and striped for state. Six transects are systematically located in the following manner. The base of the region is
divided into six intervals each of width 2.6 cm. The first transect is
randomly located in the far left interval. Its starting point is randomly determined
to be .5 cm from the left hand border. All
measurements
are made in centimeters and the results are tabulated in Table I. Percentagecoverforeach
land type isestimated by

Fig. I. Two townships in rhe L.aramie Peak District of the Medicine Bow
National Forest. The while land is federally owned, the dotted land is
privately owned. and the striped land is state owned. Six transects are
sysremarically located. The firsr is located .5 cm. from the left hand
border and orhers are locared parallel to thefirst and 2.6 cm. apart.

estimators are still unbiased but may have extremely large variances. Also the standard variance estimators (assuming simple random sampling) may not be conservative
in this case. Hopefully
such cyclic patterns will be recognized and used to anadvantage
in
stratification
of the study region into homogeneous
subunits.
The main advantages of systematic sampling (if care is taken in
the planning) are that:
(1) It is often possible to obtain more information per unit
cost than from simple random sampling, see for instance
Mendenhall et al. (1971).
(2) It is guaranteed that the sample will be spread uniformly
over the study area (or subunit thereof).
(3) The estimators used in line-intercept
sampling are unbiased for rectangular
study regions and nearly so for most
“large” irregularly shaped study regions.
Systematic plans in line-intercept
sampling have been used with
little support from mathematical
statistics. Experimentors
have
probably known that the resulting estimators are not only very
cost-efficient but (at least intuitively) are also unbiased. For example, Eberhardt (1978) illustrates the use of Equation (I) with systematically located transects even though his derivation makes the
assumption
that a simple random sample is used. Granted that
unbiasedness
is not the only desirable property of estimators, its
presence helps put the use of systematic line-intercept sampling on
a firmer mathematical
basis.

Illustration
Suppose that it is of interest to estimate the proportions
of
federal, state and private lands in the Laramie Peak District of the
Medicine Bow National Forest. To illustrate the procedure, consider Figure 7 which consists of two of the many townships in the
region. The different land owners are denoted as white for federal,
Table 1. The total length of intersections for each of 6 systematically located
transects are given for each of the 3 land types. The distance between transects is d = 2.6 cm. and the first is located .5 cm. from the IetI hand border.
The total length of intersection for all transects are given for each land
type as well as the total number of particles intersected, n.

I
2
3
4
5
6

Totals

4
7.6
7.6
7.6
7.6
7.6
7.6
49.6

Private (cm) Federal (cm)
3.5
0.6
3.2
3.9
2.1
2.9
16.8

(n= lb)

Sr’= .Ol83

S; = .0233 Si = .00496
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Appendix
Eberhardt

(1978) argues that the estimator

for density,

W.1)

Land tvoe
Transect

Let G, cp’,,c denote the estimates for percentage cover of federal,
private, and state lands respectively. The following estimates are
computed.
G= .52 G= .37 I?+!= .II
Therefore it is estimated that 52% of the two townships is federally
owned, 37% privately owned, and 11% owned by the state. Thk
actual proportions
for these two townships are 50% federally
owned, 42% privately owned, and 8% owned by the state.
Although no variance estimators exist for systematic sampling
plans. The following variances are computed using the standard
variance estimators for simple random sampling:

State (cm)

2.9
5.6
3.1
3.1
3.6
4.1
23.6

1.2
1.4
0.7

(n=I5)

(n=5)

0.6

1.3
0.0
5.2

is unbiased for a simple random sample of parallel transects constructed perpendicularly
to one side of a rectangular study region.
The estimator in Equation (A. I) is also unbiased if a systematic
sample of parallel transects is constructed
rather than a simple
random sample.
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Proof

Let

Because the first transect is randomly located in some interval,
[O,d], and every particle is in some such interval, the probability
that the i* particle is intersected is p= wi/d. Where wi is the width
of the particle and d is the distance between transects.

1.0

intersected.
a=
0.0

Let
wild.

Then

z=

I 0.0

with probability (I-p) if the longest
chord of the i” particle is not intersected.

1.0 if the i* particle is intersected with
probability

with probability pi= Ci/Td if the
longest chord of the i* particle is

if the iti particle is not intersected
probability

I-wi/d.

E[B\Lj]

Then

= E

j4

= E
@]=E

N

z

E[zi] w,-’

id

=

=_ rr

k

2

ZL
j=l

$

Wi WC’

=
k
CLd
j=l

=

$,I

=

A

N

CD

A

If a systematic sample is taken over an irregularly shaped study
region such that the transects run from border to border, the
estimator for density
c
I
1
(A.21
=

N

k
c

is no longer unbiased. (6r is the length of a well defined longest
chord of the
intersected particle.)
Proof:

Consider the expected value of D given Lj, j=1,2,...,k. Recall that
DeVries (1973) showed that the probability that the longest chord
of the i* particle is intersected is p = 2Cr/ srd. Under the assumption
of a systematic sample of parallel transects this probability does
not change.

(area of the J* rectangle, 4 byd)

j4

If the curvature is slight, the lines are long relative to the size ofthe
particles, the particles are inside the study region, and the distance
between transects is small then clearly E[ab] = (N/A) = D.
If we may assume that the bias due to curvature is negligible, the
Lucas and Seber estimators of Equations (1) and (I I), are unbiased
for a systematic sample of k parallel transects.
Proof:

Consider the i* particle and its closest transect. Closest is defined to be the minimum perpendicular distance between the center
of the particles and the transect.
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Define:
0i =

The acute angle between a well-defined chord, say the
longest chord, of the ith particle and its closest transect,
+I,2 ,..., n.

w(@i)‘The
rpendicular distance between two tangents of
the I.IiYparticle which are parallel to the transect, a
function of the angle 0 and the shape of the particle.
ui =

The perpendicular distance between the transect and
the “upper” tangent. See Figure A. I.

Since the first transect in a systematic sample of transects is
randomly positioned, the angle 0i, for any particle and its closest
transect, may take on any value in the interval [O,rr]. That is Or is
uniformly distributed on the interval [O,lr]. And give Oi, the variable ui may take on any value in the interval [O,w(@)], because the
first transect is randomly located. Thus for any particle and its
closest transect, ur is uniformly distributed on the interval [O,w(Oi)].
Now we have the situation for @rand ui as described by Lucas and
Seber (1977) and the probability of intersection is the same. Thus, if
the boundary effects are negligible, the estimators for density and
percent cover,

W.3)

and
Figure A.l. The i* particle intersected by the J" transect. l’he distance.
W(Oi). is theperpendicular distance between IWO tangents to theparticle
consrructedparallel
to the transect. The distance, u, is theperpendicular
distance between the transect and the upper tangent. The angle, c)i, is the
acute angle between a well-defined longest chord and the transect.

i

Yi

i=l

t=

(A.41

b

z4
j=l

are approximately

unbiased for systematic sampling.
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A Comparison of Three Methods for Estimating Forage Disappearance
S.H. SHARROW AND I. MOTAZEDIAN

Abstract
Three methods of calculating forage disappearance from forage
standing crop present on mowed versus protected plots were compared to the actual amount of forage harvested from mowed plots.
The method most widely used by range scientists, the difference
method, displayed a marked tendency to overestimate forage disappearance during periods of rapid plant growth or when plots
were protected for more than 3 weeks. More accurate estimates of
forage disappearance were generally obtained using formtdae suggested by Linehan et al. (1947) and Bosch (1956) than could be
obtained by the difference method.
The movable cage technique (Brown 1954, Pieper 1978) is commonly used to estimate forage production and utilization of forage
by livestock in range and pasture studies (Pieper 1978). While
forage disappearance-the
difference in standing phytomass
between grazed and protected plots-may
yield acceptably accurate estimates of forage intake by livestock in some cases (Walter
ane Evans 1979), it substantially overestimates intake in other
cases (Allison and Kothmann 1979, Joint Committee 1943, Linehan et al. 1946, 1947). Linehan et al. (1952) demonstrated that
estimated forage intake of cattle was from 7 to 49a/, higher when
based upon forage disappearance than when calculated from
animal performance. This occurred in spite of the fact that a
relatively short (6- to 12-day) grazing period was employed. Overestimates may reflect forage lost to trampling (Laycock et al. 1972,
Pearson 1975) or that consumed by herbivores other than livestock
(Pearson 1975). Higher plant growth rates on protected plots
compared to grazed plots (Cowlishaw 1951, Grelen 1967, Heady
1957) may also contribute to overestimation of forage intake.
Both Linehan et al. (1947) and Bosch (1956) have attempted to
reduce this bias by modifying the formula used to calculate forage
intake from data obtained by the movable cage technique. An
extensive data set was used in deriving the proposed formulae.
However, few data are available to validate these formulae other
than those presented by Linehan et al. (1952) and Bosch (1956)
themselves.
The purpose of this paper is to compare estimates of forage
disappearance (harvest) obtained by direct harvest of perennial
ryegrass-subclover swards to those calculated using (I) the conventional “difference”formula, (2) Linehan et al.‘s (1947) formula, and
(3) Bosch’s (1956) formula.
Materials

and Methods

The study was conducted on a perennial ryegrass (Lolit+
perenne)-subclover
(Trifolium subterraneum) hill pasture I km
west of Corvallis, Ore. Elevation is approximately 100 m. Annual
precipitation is approximately 100 cm.
A factorial arrangement of I2 treatments consisting of 3 defoliation intensities (4, 5.5, and 7-cm clipping height above the soil
surface) and 4 defoliation frequencies (clipped every I, 3, 5, or 7
weeks) were monitored using plots of 4 mz each in spring 198 I. All
Authors are associate professor and graduate student. respectively.
Department
of
Range-land Resources, Oregon State University,
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as Technical
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treatment combinations were replicated 3 times. Forage harvested
on each date was collected by mowing the appropriate plots with a
rear-bagging rotary lawn mower. The entire contents of the mower
bag were weighed and a grab sample obtained for dry matter
determination. Total forage harvested was corrected to an ovendry matter basis using the percent dry matter calculated from field
weights of grab samples dried for48 hours at 50”C. Forage remaining immediately following mowing was estimated by clipping I,
0.08-m* quadrat to ground level ineach plot. Samples were dried in
an oven at 500 C for 48 hours, then weights recorded. Actual forage
removed from plots clipped each week (disappearance) was determined for the first 3 weeks (24 March to 14 April), the second 3
weeks (14 April to 5 May), the first 5 weeks(24 March to 28 April),
and the first 7 weeks (24 March to 12 May) by summing the
individual weekly harvests for each defoliation intensity.
Estimates of forage disappearance were calculated by comparison of plots mowed weekly to”protected”plots which were mowed
only once at the end of a 3-, 5-, or 7-week sampling period. Three
methods were employed: (I) the conventional “difference”method
(Milner and Hughes 1970, Pieper 1978, Joint Committee 1943):
harvest = d - f; (2) Linehan et al.‘s (1947) formula:
harvest = (c - f) log d - log f

; (3) Bosch’s

(1956) formula:

log c - log f

harvest = (c - f) d-c

where

2
c =

forage standing crop on both mowed and protected
commencement

d =

plots at the

of the sample period

forage standing crop on protected (unmowed)

plots at the end of

the sample period
f =

residual forage present on weekly-mowed

plots at the

end of the

sample period
Estimates of forage disappearance were compared by Tukey’s w
procedure using X0.05 as the criterion for significance.
Results and Discussion
Estimates of forage disappearance calculated from the 3 formulae are presented in Table I, It is interesting to note that in all cases,
the protected plots produced more forage than did plots which
were clipped each week. This observation agrees well with those of
other workers who have reported increased total dry matter yield
from swards as defoliation frequency decreased (Brougham 1959,
Cook and Stoddart 1953, Jones 1974, Ludlow and CharlesEdwards 1980). This result is believed to reflect increased leaf area
accumulated on plots as frequency of defoliation decreases (Ludlow and Charles-Edwards 1980, Smetham 1977). Similar growth
rates of both protected and grazed plots are generally assumed in
calculating forage yield and forage disappearance by the ‘difference”method. Therefore, increased growth on protected relative to
grazed plots should result in overestimation of forage available on
grazed plots. This appeared to be the case. Both Grelen (1967) and
Wagner et al. (1950) have reported overestimates of pasture pro469

Table 1. Estimates of forage disappearance (kg/ha) calculated from phytomass parameters (C,F,D)
Phytomass

Relative*
growth rate
(PA Pl)

Period

using 4 different methods.1

parameters’

(kg/ ha)

Method

Weekly

C

F

D

I

harvest

2
7 cm

Harvest

I 18”b

week
week
week
week

1.61
2.15
2.98
3.81

2829
2829
2829
2829

2973
3106
3062
3178

3246
4359
4930
7733

438b
468”
935”

O-3 week

1.33
2.13
2.17
3.48

2375
2375
2375
2375

2698
2658
2734
2653

3195
4518
5248
8942

298b
7058
IIIOB
16108

.26

1930
1930
1930
1930

2204
2242
2241
2216

3033
3683
5397
8505

605b
605”
1245’
17908

O-3
3-6
O-5
O-7

3-6 week
O-5 week
O-7 week

I

1.91
2.35
3.16

3-6 week
O-5 week
O-7 week
‘Methods

in a row

?P,./ PI is the ratio

not sharing
of standing

a common
phytomass

letter differ

standing

crop at the beginning

F=Forage

standing

crop

D=Forage

standing

crop on protected

on weekly-mowed

of the sampling

once at the end of x weeks/cumulative

plots at the end of the sampling

(log d - log f)

470

will always

predict

658b
1032b
1828b
2768”

1441b
3156’
6289b

253”
565’
I 422Lb
3002”

total

yield

of plots mowed

weekly

for the same period.

period.

duction obtained using the movable cage technique.
Overestimates
of forage available may result in overestimates of
forage disappearance,
utilization, and forage intake when calculations are made using the standard “disappearance”method
(d - f).
The “difference”
method (method I) consistently
overestimated
forage disappearance
in this trial (Table 1). Forage disappearance
calculated by method I ranged from 29% ta 387% higher than the
actual value obtained from cumulative harvest. The difference
method was most accurate during the first 3 weeks of the trial, a
period of relatively slow growth. Accuracy tended to be less during
periods of rapid growth, such as the 3- to 6-week period. In
addition, length of the period of protection and intensity of defoliation also affected accuracy. Overestimation
was observed to be
greatest when the period of plot protection was long and when
potential for growth was greatest (stubble height was highest).
These observations
agree with the general properties of the difference method as discussed by Smith et al. (1962) and Mimer and
Hughes (1970). Mimer and Hughes (1976) suggested that if cages
must be left in place for long periods of time (more than 1 month),
Linehan et al’s (1947) formula (method 2) may yield moreaccurate
results than the conventional
“difference” calculation.
Lack of agreement between forage disappearance
as calculated
by the “disappearance”
method and forage consumption
by livestock calculated from animal performance data led Linehan et al.
( 1947) to propose a new formula for calculatingforage
intake from
movable cage data. Their formula is designed to avoid problems of
differential growth between caged versus grazed plots by use of an
assumed relationship between the amount of forage consumed by
livestock, sward growth rate, and standingsward
phytomassat
any
point in time. The integration of this relationship over time yielded
an estimate of forage consumption
by livestock for that period.
The resulting formula (method 2) has some rather interesting
properties.
Although
method 2 generally overestimated
forage
disappearance
(Table I), it tended to be more accurate than
method I. In addition, it appeared to be relatively insensitive to the
length of the sampling period, working equally well when plots
were protected for 7 weeks as it did when plots were protected for
only 3 weeks. In this regard, method 2 appeared superior to
method I. Method 2 does, however, have a definite mathematical
peculiarity.
In the event that grazed sward phytomass
remains
stable over time (i.e. c = f), the formula (c - f).
(log c - log f)

4 cm

period.

plots at the end of the sampling

(unmowed)

txight

88”
790”
I 560ab
3005b

(K.05).

on plots mowed

‘C=Forage

65”
488b
818”
2102b

height 5.5 cm
428”
498e
1860”
1330b
342@
1995b
629@
3040b

Harvest

O-3 week

255b
9S8”b
14OOb’
2662b

height
273
1252”
186F
4551
Harvest

3

zero forage disappear-

period.

ante regardless of the actual amount of forage produced and
consumed. This renders method 2 unusable for instances in which
forage production equais forage consumption.
Using data from Linehan et al. ( 1947), Bosch (1956) developed a
formula which he contended yielded similar estimates of forage
disappearance
to those obtained from the more complicated formula of Linehan et al. (1947). Besides being easier to calculate,
Bosch’s (1956) formula allows calculation of forage consumed by
livestock even when forage production equals forage consumption.
Although the derivation of method 3 is not discussed by Bosch
(1956), forage consumption
appears to be estimated as the change
in standing phytomass corrected for any growth which occurred
during the grazing period.
Growth
on the grazed plots is
estimated

as one half that on protected

plots (i.e.

diC

).Itis

not clear how thisassumption
of growth rate being twiceas high on
protected as on grazed plots was determined.
While this relationship was true for data presented by Linehan et al. (1947), it was not
true for our data (Table I). Growth rate ratios for protected/mowed plots were less than 2 in the early spring (0- to 3-week
period) when growth was slow. Method 3 tended to underestimate
forage disappearance
at that time. When the growth rate ratio was
approximately
2 (3- to 6-week period), method 3 yielded fairly
accurate estimates of forage disappearance.
Growth rate ratiosand
the tendency of method 3 to overestimate
forage disappearance
increased with increasing period of protection of unmowed plots
(grazing period). In spite of problems associated with the use of a
constant relative growth rate between grazed and ungrazed plots,
method 3 was consistently
the most accurate formula of the 3
evaluated
for predicting
forage disappearance.
In addition,
although more sensitive to the length of the protection period for
ungrazed plots than method 2, it was much Iss sensitive than was
method 1.
Conclusions
Data presented in this paper support Linehan et al.‘s (1952) view
that the difference method (method I) tends to overestimate forage
disappearance.
Overestimates
were most pronounced during periods of rapid plant growth or where unmowed plots were protected
for long periods of time. Furthermore,
since no cages or livestock
were employed in this study, overestimates
of forage disappearance cannot be attributed to microclimatic
effects of cages or to
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trampling losses. Differences in plant growth on protected compared to mowed plots, possibly due to a higher leaf area index on
protected plots, are believed to be the primary cause of observed
overestimation
using the difference method.
Both method 2 (Linehan et al. 1947) and method 3 (Bosch 1956)
generally produced more accurate estimates of forage disappearance than those obtained by the more commonly used difference
method. While method 2 was the most precise, method 3 was the
most accurate. Of the two formulae, method 2 was least sensitive to
the length of time plots were protected. These data suggest that
either method 2 or method 3 should be adopted in preference to the
difference method when substantial amounts of plant growth are
expected to occur during the sampling period.
While adoption of methods 2 or 3 in preference to method 1can
ameliorate the effects of differential growth between grazed and
protected plots, it is not a solution to the problem. All 3 methods of
calculation
examined displayed a marked tendency to overestimate forage disappearance
when unmowed reference plots were
protected for more than 3 weeks. It appears, therefore, the reference plots should be protected for as short a time as practical
regardless
of the method of calculation
employed to estimate
forage disappearance.
Furthermore,
the magnitude of overestimation observed in this study casts doubt upon the usefulness of
forage disappearance
or utilization estimates which are derived
from comparison
of grazed plots to reference plots which have
been protected for long periods of time.
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Estimating Snowberry [Symphoricarpos
oreophilus] Utilization by Sheep from Twig
Diameter-Weight Relations
G.B. RUYLE, JAMES

E. BOWNS,

AND AL F. SCHLUNDT

Abstract
Three procedures were used to estimate snowberry biomass
browsed at 3 stocking intensities by domestic sheep on mountain
range in southwestern Utah. Two regression equations and (percentage of) grazed stems were compared. Each technique gave
different estimates of utilization, which were affected by grazing
intensity. The two regression equations we developed distinguished between two kinds of sheep browsing, leaf only and entire
stem removal. Sheep usually strip only the leaves and rarely is the
entire stem removed. The predictive equations accounted for both
methods of browsing and related twig diameters to twig leaf weight
(R2=.89) and twig plus leaf weight (R2=.90).
Shrub species are major components of arid and semiarid rangelands throughout
the world and are important sources of forage
(browse) for domestic and wild herbivores: Browse, however, is
often considered important only during winter grazing periods or
in low rainfall areas as a reserve feed in times of drought (Wilson
1969). Yet on mountain ranges in Utah, snowberry provides an
important forage resource for sheep during summer months even
when herbaceous vegetation is not limiting. To determine desirable
stocking rates for these rangelands requires a method ofestimating
snowberry production and utilization.
A wide array of shrub sampling techniques has been reported.
Recently, emphasis has been placed on developing correlations
between biomass and size of specific shrub parts (Rutherford
1979). Regression techniques are then employed to predict leaf or
shoot biomass. These techniques eliminate the need for sampling
before and after browsing, thus facilitating more efficient and
accurate analyses (Basile and Hutchings
1966, Ferguson and
Marsden 1977, Jensen and Urness 1981, Lyon 1970, Provenza and
Urness 198 1). These relationships vary among areas, sites, species,
and individual plants (Peek et al. 1971). In addition, browsing
intensity often affects the accuracy of these determination
techniques (Rutherford
1979).
Our study examined the relationship
between snowberry twig
diameter and weight, and the usefulness of that knowledge. Three
models were compared.
Model one estimated amounts of leaves
removed, model two estimated amount of intact twigs removed,
and model three estimated utilization based on the percent of
grazed stems. We used these models to predict sheep utilization of
snowberry in a grazing trial conducted during July, 1981, in which
utilizations under 3 grazing intensities were compared.
The authors are, respectively.
research assistant,
Range Science Department.
Utah State University.
is currently
research scientist, Department
of Range
Tech University.
Lubbock
79409.
This report was submitted as Utah Agricultural
number i726.
Authors wish to acknowledge
Alan T. Carpenter,
Provenra for manuscript reviewand
Calvin Bagley,
field and laboratory
assistance.
Manuscript
received May 17, 1982.
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Frederick D.
Kevin Carter,and
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Study

Area

The experiment
was conducted
on mountain
rangeland
in
southwestern
Utah near Cedar City. The study area was located on
a high mountain loam range site at an elevation of 2,500 m and
consisted floristically of aspen (Populus tremuloides) with a snowberry understory interspersed
with open areas of grassland and
snowberry.
Kentucky bluegrass (Poa pratensis) and Letterman
needlegrass (Stipa fettermanii) were important associated grasses.
grasses.
Methods
Development of the Predictive Equations
Current year’s snowberry twigs exhibit a geometrical growth
form. As twigs elongate, older internodes increase in diameter.
Thus, there is a direct relationship between mid-internode
diameter and twig weight distal to that point. Consequently,
equations
relating mid-internode
diameter to oven dry twig (including leaves)
and leaf weight were developed by measuring 100 snowberry twigs.
Twig diameters were measured near the center of selected internodes. A variety of twig size classes and internode locations with
respect to the tip were included in the sample. Diameters were
measured with a dial caliper to the nearest 0.01 mm. After making
the measurement,
the twigs were clipped at the point of measurement and oven-dried. Oven-dried twigs were weighed intact, then
the leaves were removed and weighed separately. A quadratic
function (Y=B~+BIX+&X~+E)
was then fitted to the data (Neter
and Wasserman 1964, p. 273) where Y=twig or leaf weight and
X=mid-internode
diameter.
Application of the Equations
These equations were used to estimate current year’s twig growth
and utilization of snowberry in small (.4 ha) pastures browsed by
sheep. Twenty, randomly located plots (20 cm X 30 cm) were
sampled in 3 pastures, each with a different intensity of utilization,
after browsing. Heavy, medium, and light levels of use were based
on utilization of snowberry at stocking rates of 0.8, 1.5, and 3.0
ha/AUM.
In each plot the diameter of the last intact midinternode
of all grazed twigs was measured. These dependent
variables were then used in the previously developed regression
equations to estimate current year’s growth removed from each
plot. Because the regression technique only predicts the amount of
snowberry
removed, an estimate of biomass remaining on the
shrub is needed before total current year’s growth is known and can
be used in the percent utilization calculation. Therefore all twigs
still present in each plot were clipped and weighed. In addition, all
ungrazed stems were counted and the percent of grazed stems in
each plot was determined
from these counts. Extrapolating
the
biomass removed per plot to the total area of snowberry in each
pasture, as determined from aerial photos, permitted estimates for
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total snowberry biomass removed in each pasture, calculated as
follows:
“= -.CAL_C*T
I B
where:
U = total grams of snowberry removed from the pasture
A = grams snowberry removed per plot
B = total number of plots sampled in the pasture
C = area per plot
and
T = total area of snowberry cover in

the

pasture.

Results

variable,

Mean percent utilization model

in this case twig inter-

node diameter, can usefully predict Y, twig and leaf weight. To
quantify the relationship between snowberry twig biomass and
mid-internode diameters, the coefficient of multiple determination, R*, was calculated (Neter and Wasserman p. 228 and 286).
Figures I and 2 report and indicate highly predictable relationships. The data do become more variable (larger residuals), however, for larger stem diameters.
The regression lines are within the range of observed values for
the independent variable, stem diameters. Most of snowberry
stems examined in the study pastures were between .5 and 2.5 mm
in diameter, as was the case in earlier studies on the same sites
(Schlundt 1980).
Equation Application
Sheep do not generally bite off the entire snowberry stem while
browsing. Rather, leaves are usually stripped from the stem. The
prediction equation for quantity of leaves stripped from the stem is
given in Figure 1, while Figure 2 shows the equation for the amount
of whole twig removed. If only one approach is used the more
accurate account of snowberry use by sheep is obtained by estimating the amount of leaf removed. If total biomass (twigs plus leaves)

I’

22

3’

2.3a4
13.0b
21.8d

6.4a
40.8c
58.9e

8.Ia
50.2c
83.8f

Level of use
Light
Medium
Heavy

‘Based on leaf removed only.
*Based on removal of entire twig.
‘Based on percent grazed stems.
‘Means within rows or columns followed
ferent

Regression equations and functions for the snowberry twigs
sampled are presented in Figures 1 and 2. Highly significant F
values were found but the existence of a significant F does not by
itself assure that the independent

Table 1. Comparison of mean percent utilization estimates of the 3 models
at 3 intensities of snowberry browsing.

by the same letter are not significantly

dif-

at the .Ol level.

removed is considered, utilization is overestimated, especially at
higher levels of use (Table 1). Occasionally, whole stems are
removed, and these data can be analyzed by use of the total
biomass regression equation.
Under light grazing, sample variability was too great to permit
the detection of significant differences among the three utilization
estimators (Table 1). In the heavily browsed pastures, utilization
estimates based on models 2 (entire twig removal) and 3 (percent
grazed stems) differed significantly (Table 3). Model 1 predicted
significantly less utilization under both moderate and heavy
browsing intensities. Highly significant differences among levels of
use were detected by all three models. Variability among plots
within pastures decreased as utilization levels increased. At heavier
stocking rates, between-model differences are important, especially when total browse removed, rather than percent utilization,
is of interest. For example, at the heaviest level of use, estimates of
snowberry removal were 68 kg, 182 kg, and 260 kg from models 1,
2, and 3, respectively (Fig. 3). These differences can be quite
important

when adjusting

stocking

rates.

Discussion and Conclusions
The snowberry
growth form presents range managers and
researchers with great difficulty in estimating degree of utilization

y = 0.94299 + W.O2353~x, + 0.14992x~

.a
y = a02659

+ 0.05922x, + 0.03143x?

R3 = .a9

R3 = 99
5dy.x) = .14

3Jy.x) = .95

.6

z
f

I

3

A

s
f
.2

1.0

2.0

3.0

Internode Diameter (mm)

Fig. 1. Relationship between mid-internode diameter and oven-dried leaf
weight for snowberry.
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Fig. 2. Relationship between mid-internode diameter andoven-dried stem
(including leaves) weight for snowberry.
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model
model
model

1, leaves only
2, stems and leaves
grazed stems
3, percent

twig diameter, and other functions may also be useful.
The three models used to predict snowberry utilization provided
three different estimates, and the accuracy of the models varied
with grazing intensities. For general purposes, the percentage of
grazed stems technique may be used to estimate low levels of twig
utilization,
but values obtained will be somewhat
higher than
actual use. Stickney (1966) and Jensen and Scatter (1977) found
the grazed stem method valid for utilization levels up to 55 or 60%.
Our data indicate the relationship becomes invalid for snowberry
at utilization levels around 10 percent. A more accurate estimate of
browse utilization, especially at high stocking rates, can be made
using the predictive equations, noting where stems were actually
removed and applying the intact twig model (model 2) only on
those measurements.
When leaves are stripped clean leaving the
bare twig, as usually occurs with sheep grazing snowberry, only
model I should be applied.
Major advantages of the sampling method described are:
I. The high correlation
between mid-internode
diameter and
twig and leaf biomass of snowberry allows development of predictive equations from a relatively small number of twigs.
2. The weight of snowberry twigs and leaves removed can be
accurately estimated after browsing.
3. Current year’s growth and utilization can both be estimated
at one point in time.
4. Accurate estimates of total snowberry biomass utilizationare
easily obtained.
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models
Fig. 3. Comparison of total snowberry removal esknates
at the heavy level of utilization.

of the 3 models

by livestock and wildlife. A simple and repeatable method for
equation development
involves measuring mid-internode
diameters in the field, followed by weighing stems and leaves in the
laboratory. Equations can then bedeveloped and used in a one-trip
sampling scheme to quickly estimate snowberry utilization. Some
differences can be expected in snowberry growth forms among
sites. For example, we found that shrubs growing under aspen
canopies required different regressions than shrubs growing on
open areas, so site-specific equations should be developed. Yearly
variation may also exist. In this study, quadratic equations gave
the best fit. However, Schlundt (I 980) found an equally significant
correlation between the cube root of oven-dried twig weight and
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Mastication Effects on Cattle Diet Determined by Microhistological Analysis
BRYAN

D. GROSS, ELFATIH

MAHGOUB,

AND JERRY L. HOLECHEK

Abstract
This study examined the influence of mastication on the composition of several hand compounded diets fed to esophageally fistulated cattle. Microhistological analysis was used to determine diet
sample botanical composition. Mastication had no effect on diet
botanical composition. However, considerable variation existed
between observers. The use of observers demonstrating high accuracy with hand compounded mixtures and replication of observers
are possible ways to maintain accuracy when microhistological
analysis is used to evaluate herbivore diets.

Much of the recent research concerning food habits of grazing
animals has involved the use microhistological analysis. Accuracy
of the technique with hand compounded diets has been well established (Holechek et al. 1982a). However, research is unavailable on
the influence of ingestion and mastication on diet botanical composition when microhistological analysis is used. Knowledge of
this effect would aid in the interpretation of diet botanical composition data when fistulated animals are used as sampling agents.
The objective of this study was to determine the influence of
mastication on botanical composition of diet samples collected
with esophageally fistulated cattle.
Methods

During the summer of 1980, growing plant material was
obtained from 12 forage plants common to southcentral New
Mexico. These plant materials were dried, chopped into pieces not
shorter than 8 cm, and hand compounded into diets (Table I).
Immature plant materials were selected because they are more
sensitive to the action of mastication and salivation than are
mature plants (Wilkinson et al. 1969).
Approximately one half of each hand compounded diet was fed
to an esophageally fistulated cow. The masticated samples were
dried, and both the masticated and unmasticated portions of each
diet were ground through a micro-Wiley mill with a l-mm screen.
Ten slides were prepared for both the masticated and unmasticated
portions of each diet. Slide preparation involved soaking diet
materials for one half hour in 0.05 M NaOH. Hertwig’s clearing
and Hoyer’s mounting solutions were used in the preparation of all
slides (Sparks and Malechek 1968).
Three observers trained by the procedures of Holechek and
Gross (1982a) were used to read each set of IO slides for the various
treatment/diet combinations. The actual botanical composition of
the diets was unknown to the observers. Twenty microscope fields
were read on each slide. Slides were prepared so that at least 20
frequency observations were recorded per slide. The level of precision for each observer for each diet species composition was
approximately 95% confidence that the estimate was within 5% of
the mean (Holechek and Vavra 1981). The relative percent by
weight composition of each diet was calculated by dividing the
Authors are graduate research assistants and associate professor, Department of
Animal and Range Sciences, New Mexico State University, Las Cruces 88003.
This reoott is Journal Article 847. Aaricultural Exoeriment Station. New Mexico
State Uniksity. Las Cmces, 88OOj. v
Manuscript received February 27, 1982.
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Table 1. Means for masticated and unmasticated hand compounded
on the basis of percent by weight composition.

diets

Estimated
Unmasticated
Mixture 1
Black grama (Boureloua

eriopoda)

Russian thistle (Salsolu kali)
Gray oak (Quercus grisea)
Mixture 2
Blue grama (Boureloua

gracilis)

34
32

Masticated

Actual

36

33

34

31
33

33
33

34

35

33

31
35

31
34

33
33

36

35

33

34

32

33

30

33

33

36
31
33

36
31
33

33
33
33

Faintcrown (Aphanostephus
ramosissimum)
Desert willow (Chilopsis

lineuris)

Mixture 3
Silver bluestem (Borhriochloa

saccharoides)
Leatherleaf

croton (Croron

corymbulosus)

Fourwing saltbush (Arriplex canescens)
Mixture 4
Red threeawn

(Aristida

longisera)

Globemallow (Sphueralcea incana)
Mountain mahogany (Cercocarpus
breviflorus)

number of frequency observations for each species by the total
number of frequency observations for all species (Holechek and
Gross 1982b).
Multivariate analysis of variance (MANOVA) was used to
determine if the difference existed between masticated and unmasticated diet samples. The 3 observers were used as replications and
the I2 species in the 4 diets were used as variates. This resulted in an
experimental design with 6 total vectors comprised of 12 variates.
A detailed discussion of the use of MANOVA for analysis of
biological data is provided by Pimentel (1979). The individual
variance and mean associated with each species was used in the
standard t-test to determine if actual and estimated values differed
significantly (Steel and Torrie 1960). This variance was partitioned
into treatment and error components; the F-test was then applied
to evaluate mastication effects (Steel and Torrie 1960). Similarity
between observed and estimated diets for each observer was evaluated using Kulcyznski’s formula discussed by Oosting (1956).
Results
MANOVA

indicated mastication had no overall effect (K.05)
on diet composition; none of the individual species was affected
(K.05) by mastication (Table 1). Estimated and actual values
were not significantly different (K.05) for any of the individual
species.
Considerable variation occurred between observers in this
study. Observers 2 and 3 were consistent and accurate in their
475

Table 2. Percent similarity between estimated and actual diet botanical
composition of the 3 observers for masticated and unmasticated hand
compounded diets.

Unmasticated
Masticated
Obs. 1 Obs. 2 Obs. 3 Obs. I Obs. 2 Obs. 3
Mixture
Mixture
Mixture
Mixture

I
2
3
4

84
78
91
96

97
97
96
96

97
96
96
96

85
79
93
98

98
96
96
96

94
97
96
96

estimates of botanical composition of each mixture. However,
estimates of observer 1 were different from those of observers 2and
3, and much lower in accuracy(Table 2). Theaverage coefficient of
variation between observers 2 and 3 was 5%. However, when
observer 1 was included,
the average coefficient of variation
increased to 21%. Holechek et al. (1982b) found that observer had
far greater influence on the results of microhistological analysis
than either sample preparation or plant growth stage. They recommended that observer accuracy should be evaluated with hand
compounded mixtures and that observers should be replicated if
accuracy is critical.
Apparently mastication has little or no influence on results when
microhistological analysis is used to evaluate botanical composition of samples obtained from esophageally fistulated animals.
This and other studies reviewed by Holechek et al. (1982a) have
demonstrated esophageal fistula sampling coupled with microhistological analysis can provide accurate data on the botanical composition of the grazing animal’s diet.
The largest source of error associated with microhistological
analysis results from the observers. This source of error should be

evaluated by replication and the use of hand compounded mixtures if accuracy is important. Replication of observers is less
essential if’diet trends with time or relative diet differences between
different species of animals are of primary concern. This is particularly true if the observer demonstrates high accuracy with hand
compounded mixtures.
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RANGELAND
HYDROLOGY
by Farrel A. Branson, Gerald F. Gifford, Kenneth G. Renard, and
Richard F. Hadley

Unique in its emphasis on the hydrology of rangelands, primarily arid and semiarid
lands, RANGELAND HYDROLOGY provides a text for one aspect of range management where none has existed before. This expanded Second Edition presents in-depth
information for those who must manage rangeland or respond to questions about the
impacts of land use practices on hydrology.
Included in the new Second Edition are a chapter on modeling with approaches to
predicting the effects of land use, and a chapter on therapidly developing field of snow
pack management.
The 352-pages include 197 illustrations, providing rapid access to an assembly of
data found nowhere else and useful in the preparation of environmental impact statements. Extensive bibliographic material with each chapter and a subject matter index
add to the useableness of the book.
Range scientists and managers, soil conservationists, hydrologists, agricultural
engineers, land reclamation specialists, wildlife managers, graduate andundergraduate students and their professors, as well as all interested in the hydrology of arid lands
will find RANGELAND HYDROLOGY a valuable addition to their libraries. (352 pages
paper laminated cover $15.00 US)
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Fiber Effects on Microhistological
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K. MUKHTAR

AND RICHARD

Analysis

M. HANSEN

Abstract
A study was done to illustrate the itiuence of fiber on the ratio
of estimated to actual dry weight fractions of selected species of
grasses, forbs, and shrubs in samples analyzed by microhistological analysis. There was no significant relation between the fiber
fraction of the plants and the over or under estimations. Forbs
were not generally underestimated any more than were grasses or
shrubs. The hypothesis is rejected which states that plants with low
fiber values are usually underestimated by the microhistological
technique.

Microhistological analysis of digestive tract residues has become
widely used to determine herbivore diets over the past 2 decades.
The references to basic problems and techniques for improving
quantification by this technique can be found in Holechek et al.
(1982), Holechek and Gross (1982), and Vavra and Holechek
(1980). The most important factor among those studied has been
“technician training” (Dearden et al. 1972, Holechek et al. 1982).
Voth and Black (1973) and others have assumed that the plant
species which are generally succulent, fragile leaved, younger
leaved and highly digestible have thin cell walls and thin cuticles.
The discernible light patterns a technician sees using a microscope
are most often related to light diffracted by cell walls and/or
thickening of the cuticle over the leaf surface. Plant species with
thick cell walls are more likely to survive microscope slide preparation techniques and/or digestion. However, with proper training
microscope technicians may be taught to look for faintly discernible cuticular images and to record them in proportion to their dry
weight fraction in mixtures.
We had assumed that with proper training a technician (the
senior author) could be taught to accurately estimate the dry
weight fractions of forage plants using the microhistological technique. Our hypothesis was that the fiber fraction did not influence
the relationship between cell wall constituents (neutral detergent
fiber) and the over or underestimation of plant species in mixtures
using a microhistological technique.

Materials and Procedures
The observer (technician) was trained according to the procedure followed in the Composition Analysis Laboratory, Colorado
State University. The procedure included: (1) oral description of
the technique; (2) study of reports and results utilizing microhistological analyses; (3) demonstration of use of microscope; (4) sample collection, preservation, processing, and grinding; (5) slide
preparation procedure according to the method described by
Sparks and Malechek (1968) and Flinders and Hansen (1972); and
(6) study of epidermal characteristics of different species of plants
including sedges, forbs, and grasses.
The aboveground parts were collected for western wheatgrass
(Agropyron smithii), sandberg bluegrass (Poa secunda), basin big
sagebrush (Artemisia tridentata), and douglas rabbitbrush (Chrytime of
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sothamnus vicidtjlorus) from Worland, Wyoming; sand dropseed
(Sporobolus cryptandrus) and fireweed summercypress (Kochia
scoparia)
from Springfield,
Colorado; desert globemallow
(Sphaeralcea ambigua) from Grand Wash Cliffs, Arizona; and
water sedge (Carex aquatilis) from Nome, Alaska. The portions

usually eaten by a large herbivore were collected in paper sacks and
oven dried at 65” C. Common names ofplants follow Beetle( 1970).
Each plant sample was ground in a Wiley Mill through a 20mesh (l-mm opening) screen. Four duplicate samples of 2 grams
each were analyzed for neutral detergent fiber(NDF) (Goeringand
Van Soest 1970). Five reference slides were made of each plant
species.
Eight hand compounded mixtures were made using enough
material to total 10 grams each. The dry weight portions of each
species in each mixture varied from about 0.3 grams to about 5.0
grams. The technican was not told the proportions in these mixtures. Ten microscope slides were made of the variable hand made
mixtures.
One hand compounded mixture was made which contained 1
gram dry weight of each plant species. Ten microscope slides were
made of this mixture. The technician was given these slidesand the
reference slides of each plant species for study. The technician was
told what the slides contained. All slides were made following the
method described by Sparks and Malechek (1968) and Flinders
and Hansen (1972).
The reference materials were studied microscopically at 100
power magnification using a binocular microscope equipped with
phase contrasting lenses, and pencil drawings of the diagnostic
characteristics were made.
A “frequency conversion” technique was used, where the presence of identifiable fragments was recorded for each species for
each field. The density of fragments for species was obtained
directly from a series of calculated tables which convert frequency
to density for 20 microscopic fields.
The 10 slides of each mixture were examined twice. Twenty
microscopic fields were chosen randomly on horizontal lines along
the slide at 45 mm, 37 mm, and 30 mm. Only a field of at least 2
identifiable fragments of 1 or 2 species, or a field with one plant
fragment occupying at least 80% of the field, was recorded during
the quantification procedure.
The data of both trials were considered as one group, and a
paired t-test was used to test the hypothesis that there was no
significant difference between the estimated relative density and
actual percent dry weight of each species (Ho : pd = 0). A regression analysis was done to find the correlation between the estimated relative density and actual percent dry weight using the same
data for each species.
Spearman’s Rank Correlation Coefficient was used to test the
hypotheses that the estimated percent relative density and fiber
content of the species are dependent.

Results
Relative percent densities of most plant species were similar to
the actual percent dry weights. However, the mean of the overall
estimates of sandberg bluegrass was 5% lower than the actual
percent dry weight wO.05). On the other hand, the estimated
477

Table 1. CoeMeient of determination (IJ),regression coeMcients(a and b),
and percent NDF for the studied plant special.

Y=a+bx

Plant soecies
Western wheatgrass (Agropyron
smithii)
Water sedge (Carex aqualilis)
Sandberg bluegrass (Pea secunda)
Sand dropsecd (Sporobolus
cryptandrus)
Basin big sagebrush (Arfemisia
tridentala)
Douglas rabbitbrush (Chrysothumnus
visicidiflonrs)
Fireweed summer cypress (Kochia
scoparia)
Desert globemallow (Sphaerulcea
ambigua)

r2

NDF%

0.36 + 0.92x
2.29 + 0.83x
0.74 + 0.56x

0.96
0.99
0.98

71
73
70

2.29 + I .08x

0.99

82

3.34 + 1.11x

0.96

36

I .96 + 0.50x

0.97

33

2.16 + 0.76x

0.97

34

2.94 + 0.96x

0.95

47

lY is the estimated and

x is the actual percentage dry weights, and NDF is percent
neutral detergent fiber. The number of observations was 20 for each regression.

percent relative densities of sand dropseed, basin big sagebrush,
and desert globemallow were 3% 5%, and 3% respectively, higher
than the actual percent dry weights @<0.05). These differences
indicated that correction factors should be calculated via regression analyses for individual species if the deviations from the dry
weight fraction are considered important.
The usefulness of such correction factors was indicated by the
estimated relative density and actual percent dry weights of all
species were highly correlated. The coefficient of determination (r2)
ranged from 0.95 to 0.99 for the 8 plants species (Table 1).
Spearman’s rank correlation coefficients (rS), for the ratio of the
estimated relative density and the actual percent dry weight of each
species, and the neutral detergent fiber fraction were not significant. The (rB) value indicated that the estimated percent relative
density of each species and its fiber content were independent.
Consequently, no species was considered over or underestimated
due to its high or low fiber content.
Discussion

Voth and Black (1973) stated that the thinner the cell wall of a
species the more likely it might be underestimated by the microscopic technique. In this study western wheatgrass and water
sedge, having well-developed cell patterns and NDF fractions of
70% and 73%, respectively, were accurately quantified. On the
other hand, sandberg bluegrass, having easily identifiable stomates, well-developed cell walls, and a fiber fraction of 70%, was
significantly underestimated. Douglas rabbitbrush and fireweed
summer cypress had NDF contents of 30% and 34%, the lowest
among all plants studied. However, both plant species were accurately estimated. Other species of low NDF fraction like basin big
sagebrush (36%) and desert globemallow (47%) were significantly
overestimated. Thus, cell wall thickness and the easily identifiable
cell patterns had no effect on the quantification of plant species
used in this study.
Kie et al. (1980) and Sanders et al. (1980) stated that those
species with easily observable identification characteristics, such as
stellate trichomes, may be overestimated by microscopic analyses.
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In this study Douglas rabbitbrush and fireweed summer cypress,
having an easily identifiable multicellular and finger-like trichome,
respectively, were both accurately estimated. However, basin big
sagebrush with a T-shape trichome and desert globemallow with a
star-shaped trichome were both significantly overestimated.
Mclnnis et al. (1981) stated that grasses are overestimated and
forbs are underestimated in herbivore diets estimated by the microscope analysis of feces technique. In this study one grass and the
sedge were accurately quantified (western wheatgrass, water
sedge), one grass was underestimated (sandberg bluegrass), and
one grass overestima;ed (sand dropseed). On the other hand, Douglas rabbitbrush and fireweed summer cypress were accurately
estimated; and basin big sagebrush and desert globemallow were
overestimated. These results do not agree with the results reported
by Mclnnis et al. (1981).
Many factors, such as slide preparation procedure and differential digestion, are known to affect the discernibility of fragments of
plants on microscope slides. High coefficients of determination (r2)
were found between the estimated percent relative density and
actual percent dry weight of plant species in this study. The plant
fiber fraction, easily observable identification clues, and the combination of grasses and forbs were found to have a negligibleeffect
on quantification of fragments. However, the technician overestimated plants in low proportions and underestimated those in high
proportions in this study.
Additional research on the observer’s skill and training is
needed. Work is needed to describe specific methods for slide
sampling and microscopic field selection.
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Beef and Forage Production on Contour Furrowed Rangeland Interseeded with Alfalfa
R..,.

KARTCHNER,

J.R. WIGHT,

J.L. BISHOP,

AND R.A. BELLOWS

Abstiact
Over a 4-year period, average annual berbage production on
native range was 603 kg/ha compared to 1,350 kg/ha on contourfurrowed range interseeded with alfalfa. Addition of 112 kg N/ha
and 15 kg P/ha on furrowed, interseeded range increased berbage
production to 1,658 kg/ha. Forage production on furrowed areas
showed more variation in response to precipitation changes than
did production on untreated rangeland. Differences in rate of gain
by yearling cattle were small in most years, indicating beefproduction varied largely as a function of stocking rate. Total beef production over a 5-year period was 113 kg/ha on the control, 217
kg/ha on contour-furrowed range with alfalfa interseeded,nnd 236
kg/ha on furrowed, interseeded range receiving fertilizer. Observations on management of furrowed, interseeded areas were made.
Contour furrowing has effectively increased water infiltration
(Neff 1973, Neff and Wight 1977), ameliorated physical and chemical characteristics
of panspot (Solonetzic)
soils (Soiseth et al.
1974). and increased production of native forage species (Neff and
Wight 1977, Wight et al. 1978a). It is also an effective means for
introducing
improved
native and introduced
forage species,
including legumes, into established native vegetation (Wight et al.
1978b). The use of legumes hasthe potential for not only increasing
forage production but, through symbiotic nitrogen(N) fixation, to
offset the inherent N deficit that exists on most western rangelands
(Wight 1976). Ultimately,
however, the usefulness of a range
improvement
practice such as contour furrowing must be evaluated under grazing conditions and related to animal performance
and production.
This study was designed to measure forage production, animal response, and total beef production on rangeland
contour furrowed and interseeded
with alfalfa, with or without
added N and phosphorus
(P).
Materials

and Methods

Three l6-ha pastures on a semiarid, upland, medium-textured
range site near Miles City, Mont., were used in the study. One
pasture served as a control, and 2 were contour furrowed and
interseeded
with Ladak alfalfa (Medicago sariva). The contour
furrows were constructed with a lister-type shovel (Fig. I), which
formed flat-bottomed
furrows approximately
60 cm wide and 5 to
12 cm deep at 1.5. to 1.8-m intervals (Fig. 2). Short intrafurrow
dams of undisturbed
sod, about I m long, were created by lifting
the shovels out of the ground at 6- to 9-m intervals. These dams
helped compensate
for deviations from the contour that could
eventually cause water impounded
in the furrows to accumulate
into an erosive volume.

Alfalfa was seeded into the furrows at a rate of 2.24 kg/ha with a
furrower-attached
seeder. Onetreatmentconsisted
onlyofcontour
furrowing with alfalfa interseeded
(CFA). The second furrowed
pasture also received a single application
of pelleted ammonium
phosphate supplying I I2 kgN/haand
I5 kgP/ha(CFAF).
Athird
untreated
native range pasture served as a control. Dominant
forage species in thisarea included western wheatgrass(Agropyron
smilhii), needleandthread
grass (,Sripa romataj,
blue grama
(Bouteloua grocilis), and buffalograss (Buchloe dactyloides). Big
sagebrush (Artemesia tridenrata wyomingensis) was found in isolated pockets. A watering tank was located in the comer of each
pasture for livestock use, and salt was available at all times.
Furrowing, seeding, and fertilizer treatments wereapplied in the
spring of 1973, and grazing commenced
in the spring of 1974.
Pastures were grazed by a combination
of yearling heifen and
steers in 1974, by yearling steers in 1975, and by yearling heifers in
1976, 1977, and 1978.

Pastures were stocked at levels calculated to provide equal forage utilization over a 60-day grazing period. Initially, grazing
capacity was estimated for the control pasture using Soil Conservation Service condition class guidelines (U.S. Department of
Agriculture 1971) and on contour-furrowed pastures from clipping
data obtained from previously established contour-furrowing
work (Neff and Wight 1977).
Cattle were weighed onto the pastures in mid- to late May and
grazing continued until an estimated 50% utilization was achieved
at which time cattle were weighed offpasture. Cattle were removed
from all pastures at the same time. A mid-period weight was
obtained in 1976, 1977, and 1978.
Forage production was determined on 6 caged plots in each
pasture. Within each caged area, a 0.5-by 2-m quadrat was handclipped at ground level and separated by species at approximately
peak standing crop. Dried sample weights were used to determine
species composition. A second quadrat near each caged plot was
clipped to estimate utilization. Clipping data were not obtained in
1974. Heavy grasshopper infestations in 1976 and 1977 caused
heavy damage to the caged plots. Damage was most severe in 1976
in terms of being able to accurately estimate forage production and
utilization.
A Soil Conservation Service survey of the experimental area
prior to treatment application determined that the vegetation on
the 3 pastures was largely homogeneous and productive potential
for the 3 areas was similar. Therefore, it was assumed that differences in forage production following treatment application were due
to the treatments, not inherent pasture differences. Forage production data were analyzed as a completely randomized design with 6
plots or observations per treatment. Treatment means were separated by multiple range comparisons. Animal gain data were analyzed as a completely randomized design using individual animal
performance as the unit of observation. Differences in gain
between sexes in 1974 were not significant so gain data were pooled
within treatments. The LSD test for unequal subclass numbers was
used for treatment comparisons (Steel and Torrie 1960).

Results and Discussion
Precipitation

received during the period of the study is shown in

Figure 3. Mean annual precipitation for the area from 1941 to 1970
was 34.4 cm (U.S. Department of Commerce 1979). Total precipitation equalled or exceeded this amount for each year of the study
except 1976. However, forage production (Table 1) was more
closely related to precipitation received during the principal growing months of April, May, and June than to total annual precipitation. Mean annual precipitation for April-June was 14.7 cm for the
period 1940-1972 (Caprio et al. 1980). During this 3-month period,
1975 and 1978 had above average precipitation and 1976 and 1977
were below average.
The greatest total forage production was recorded in 1975,
followed by 1978, the 2 years of above-average April-June precipitation. Furrowed areas had the benefit of added nutrient availability in 1975 from decaying organic matter resulting from the
furrowing process (Wight et al. 1978a). Forage production was
lower in 1976 and 1977 as a result of the lower precipitation
received during the principal growth period. Clipping data for
these 2 years underestimated by an undetermined amount the
actual forage production as heavy grasshopper infestations
resulted in considerable damage to experimental plots. Alfalfa
production estimates were probably least reliable since alfalfa
plants appeared to be consumed by grasshoppers in preference to
native species.
In the 2 years with above-average precipitation, grass, alfalfa,
and total production on the fertilized pasture tended to be greater
than on the nonfertilized furrowed area. This was not true in the 2
drier years. Likewise, grass production and total production on
furrowed pastures tended to exceed that on the control pasture in
1975 and 1978. Grass production was similar on all treatments in
1976 and 1977, although total production on furrowed areas
tended to exceed that of the control. Alfalfa production was relatively high in 1975 but dropped considerably in 1976 where it
remained relatively constant through 1978.
As a percentage of the total forage (Table 2), alfalfa remained
relatively constant until 1978, when it dropped dramatically. This
was attributable to the alfalfa production remaining constant,
whereas grass production increased from two- to four-fold from
1977 to 1978.
Shrubs were not present on the plots in the control pasture and
contributed less than 1% to the plant community on the two
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Table 1. Production of forages (kg/ha) on untreated and contour-furrowed rangeland.
Year
Forage class
Grasses & sedges

Treatment’
Control
CFA
CFAF

Forbs

Shrubs

1975
729b
1021””
158Q

353

3 2gb*’
261’

444
330

Mean

779

57gb

1058
1448

713s”
909

Control

13b

0

Ia

87

25

66’
30b”

I4
13

3q
1Sb*”

75
121

48
45

Control

0

0

0

0

0

I3
0

0
0

0
0

37
17

12
4

0

0

25:

0

0

1077
1582

483
236

409

310
591

532
704

Control

CFA
CFAF
Totals

451b

1978

CFA
CFAF
CFA
CFAF
Alfalfad

1977

1976

Control
CFA
CFAF

742b
2177e
319T

45lb

354b

866b

603b

82F
Slob.”

739e
754’

1480b”
217T

I354
1658’

‘Control = untreated rangeland; CFA= contour-furrowed rangeland interseeded with alfalfa; CFAF= contour-furrowed rangeland interseeded with alfalfa with I12 kgN and
I5 kg P applied per ha. ‘.‘Values within forage class and year with unlike superscripts differ (X.05).
dAll comparisons between CFA and CFAF were nonsignificant (D.05).

furrowed pastures (Tables 1 and 2). Native forbs generally contributed less than 5% on each of the pastures. Forage utilization varied
among treatments and years. A 4-year average was 45% for control, 47% for CFA and 50% for CFAF.

Average daily gains by yearling cattle were higher (K.05) on the
control pasture than for those on either CFA or CFAF in 1974
(Table 3). Cattle on the CFA pasture gained less (K.05) than
those on the other two treatments in 1975. In other years, differences in rate of gain were nbt significant at the 95% probability level.
The reasons for the marked rate of gain difference in 1974 are
now known. The absence of clipping data for that year makes it
impossible to determine in retrospect whether the stocking pressure applied on the different treatments matched the available
forage resource. Another potential cause for the difference in
performance would be the quality of forageavilable. This, too, was
not subject to verification. It is possible that animals were put in
too late for best forage conditions. In subsequent years, the differences in rate of gain were sufficiently small that beef production per
unit area could be largely considered a function of stocking rate.
Beef production values are given in Table 4. In the first year,
each contour-furrowed pasture was grazed by triple the number of
animals on the control pasture. However, the lower rate of gain in

that year on the CFA and CFAF pastures relative to the control
pasture resulted in only a doubling of the beef produced from each
of the contour-furrowed pastures as compared to the control. In
subsequent years, stocking rates were reduced on the CFA and
CFAF pastures to approximately double that for the control pasture. Consequently, beef production on the contour-furrowed pastures remained about twice that of the control pasture-both
within years and for the total of the 5 years,
Table 3. Average daily gain (kg) by cattk grazing native range or contourfurrowed range interseeded with alfalfa.
Year
Treatment’

1974

1975

Control
CFA

1.16&
.77”

1.22b
.98=

CFAF

.7@

l.13b

1976

1977

1978

.92

1.16

1.06

1.11
.98

1.26
1.26

.84
.97

tContour = untreated native range; CFA = contour furrowed and interseeded with
alfalfa; CFAF= contour furrowed, interseeded withalfalfa,and 112 kg Nand IS kg P
applied per ha.
zb.‘Meanswithin years with unlike superscripts differ (X.05).

Table 2. Compodtbn of foragea (percent) on untreated and contour-furrowed rangeland.
Year
Forage class

Treatment’

1975

1976

1977

1978

Mean

Grasses & sedges

Control

98.2

100.0

99.7

90.0

97.0

CFA
CFAF

46.9
49.5

39.8
51.2

60.1
43.8

71.5
66.5

54.6
52.8

Control
CFA
CFAF

I.8
3.0
.9

0
1.7
2.5

.3
5.3
2.0

10.0
5.1
5.6

3.0
3.8
2.8

Control

0

0

0

0

0
0

0
0

2.5
.8

Forbs

Shrubs

CFA
CFAF
Alfalfa

Control
CFA
CFAF

.6
0

0

.8
.2

0

0

0

0

0

49.5
49.6

58.5
46.3

34.6
54.2

20.9
27. I

40.9
44.3

tControl= untreated rangeland: CFA = contour-furrowed rangcland intersceded with alfalfa; CFAF= contour-furrowed rangeland interseeded with alfalfa with 112kg N and
IS kg P applied per hectare.
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Table 4. Reef production (total gain, kg/ha) on native range (control) or on contour-furrowed range interseeded with alfalfa (CFA) and with fertilizer
added (CFAF)’

Year:

1974
Number
animals

Item:

1975

Total
gain

51 IO-7/10
Treatments
Control
CFA
CFAF

6
18
18

26
52
47

Number
animals

1976

Total
gain

Number
animals

5127-818

6
13
13

33
57
66

1977

Total
gain

5/14-7112

6
12
15

20
49
53

Number
animals

1978

Total
gain

5/20-6/ 17

6
11
12

12
24
26

Number
animals

1974-1978

Total
gain

Number
animals

Total
gain

30
66
71

113
217
236

5/22-7117

6
12
13

22
35
44

‘Fertilized with 112 kg N and I5 kg P/ha

Mean annual forage production
for the 4 years for which production data are available was 603, 1,305, and 1,658 kg/ ha for the
control, CFA and CFAF, respectively (Table 1). If utilization were
held at 50% on all treatments, stocking the CFA at double the level
of the control appears to be an appropriate adjustment. By the
same line of reasoning, CFAF should be able to handle about 25%
more than CFA. An area that deserves further investigation is the
degree of utilization that can be imposed on the CFA and CFAF
treatments without adversely affecting stand maintenance. In some
years, 50% utilization on the CFA or CFAF pastures left more
residue following grazing than the total production on the control
pasture. How much of that residue that can or should be utilized
remains to be determined. Forage production was more variable
on the CFA and CFAF pastures than on the control. Therefore,
more flexibility in animal numbers would be desirable on contourfurrowed range than for untreated range to obtain optimum use of
available forage.
No bloat problems from alfalfa consumption were observed,
although blocks containing poloxalene were available to the animals on the CFA and CFAF pastures. Generally, alfalfa development had progressed to the pre-bloom or early bloom stage at the
time cattle began grazing. Under conditions of this experiment, the
health and vigor of the alfalfa stand did not appear to beadversely
affected by grazing.
Some questions on the use of furrows interseeded with alfalfa
that remain to be answered include: (1) What is the optimum time
for grazing alfalfa seeded in contour furrows to maximize beef
production and still maintain a vigorous stand of alfalfa and native
species? (2) How long and at what level will contour furrows
continue to produce forage at acceptable levels? (3) How can
alfalfa in contour furrows be best managed for different classes of
livestock?
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(4) What

indicators

might

be used to predict

forage

availability prior to a predetermined turn-on date.
The results of this work showed that interseeding alfalfa into
contour furrows produced forage sufficient to double beef production per unit of area as compared to untreated native range. With
the exception of the first year, rate of gain differences among
treatments were small, so beef production was primarily a function
of stocking rate.
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Gains of Steers and Calves Grazing Crested
Wheatgrass
R.H. HART,

E.F. BALLA,

AND J.W. WAGGONER, JR.

Abstract
Efficient utilization of pasture requires proper class of Livestock,
stocking rate, and season of use. Crested wheatgrass was grazed
with steers in spring for 3 years at two stocking rates and with
calves in fall for 2 years at 2 stocking rates to evahtate alternate
uses. Differences in forage production and lengths of grazing

season over years produced grazing pressures of 47-79 steer days
or 53-73 calf days per metric tonne of forage produced. Steer gains
of 0.85-1.20 kg/day were unaffected by grazing pressure, but
lighter steers gained faster. Implantation of 36 mg of Ralgro per
steer increased daily gains by 13%. Calf gains were 0.15-0.24
kg/day, and decreased with increasing grazing pressure according
to the function ADG=0.45-0.0041
(calf days/tonne
forage);
P=O.95. Such grazing pressure-gain response functions facilitate
comparisons between seasons of use and class of livestock, as well
as those between stocking rates, and help range managers make
management decisions. Maximum steer gains in spring per hectare
and tonne of forage were over 3 and 6 times, respectively, the gains
of calves in fall.
Crested wheatgrass (Agropyron desertorum [Fisch.] Schult.) is
widely used in the Northern Great Plains as complementary pasture with native range. Generally forage production is higher than
that of native range and quality is higher than that of range forage
in spring (Hart et al. 1983a). However, Redel1(1973), Rauzi (1975),
and Hart et al. (1983a) reported that forage quality of crested
wheatgrass decreases rapidly as it matures. In comparisons with
native range, crested wheatgrass has produced higher average daily
gains, greater carrying capacity, and better reproductive performance of cattle in a number of studies (Hart al. 1983b, Frischknecht et al. 1953, Hedrick et al. 1969, Lodge 1963 and 1970,
Smoliak 1968, Smoliak and Slen 1974, and Springfield and Reid
1967).
Most efficient use of any pasture is achieved only at the optimum
stocking rate or grazing pressure (Hart 1972 and 1978) and season
of use. We evaluated crested wheatgrass as spring and summer
pasture for yearling steers at grazing pressures of 47-79 steer
days/t of herbage produced at the High Plains Grasslands
Research Station near Cheyenne, Wyo. Later at the same location
we evaluated season-long accumulation of crested wheatgrass at
grazing pressures of 53-73 calf days/t as fall pasture for recently
weaned calves.
Materials

and Methods

Yearling Hereford steers grazed two 13-ha crested wheatgrass
pastures in spring and early summer of 1976 through 1978. These
pastures were located on sandy to gravelly loam overlaying gravel
and cobbles, and supported a rather open stand of crested wheatgrass. Forage production was estimated by clipping two 0.124 mz
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quadrats inside each of 5 cages per pasture at the end of each
grazing season, to a l-cm stubble height. Crested wheatgrass was in
full bloom when clipped in 1976 and 1977, and at the soft dough
stage in 1978. The open stand and poor water-holding capacity of
the soil resulted in low spring forage production, which averaged
1060 kg/ha over the 3 years of this study. Stocking rates were
1.08- I.54 steers/ ha, and grazing seasons were 42-56 days. In 1977
and 1978, half the steers on each pasture received a 36 mg Ralgror
implant just before grazing began.
Hereford calves grazed 2 crested wheatgrass pastures of 7.6 and
10.3 ha starting I week after weaning in the fall of 1979 and 1980.
These pastures were on a deep sandy loam. Because of higher
waterholding capacity of the soil, better stand, and the fact that
forage was accumulated without grazing throughout the grazing
season, forage production was higher on these pastures than on the
steer pastures. Production, measured by clipping to a l-cm stubble
height in 5 cages per pasture as in the steer study, averaged 2,490
kg/ ha for the 2 years. Stocking rates were 2.33-3.30 calves/ ha, and
the grazing season was 49 days in 1979 and 63 days in 1980.
In both experiments, cattle were weighed every 2 weeks, after
being held overnight without feed or water. lnitial cattle weights,
stocking rates, forage production, grazing pressures, and gains by
year and treatment are summarized in Table 1. Data were analyzed
by regression and analysis of variance.
Results

and Discussion

In each of 3 years, analysis of variance showed no significant
difference between stocking rates in average daily gains of steers
(Table l), indicating that forage availability did not limit gains. As
grazing pressures up to 79 steer days per metric tonne of forage did
not reduce gains, we concluded that grazing pressures must exceed
this level before average daily gains will decrease. Gains in 1977
were much higher than in 1976 or 1978 because the steers were
much lighter and thinner when they went on pasture in 1977. Such
animals require less feed and energy per unit gain than do heavier,
fatter animals because less energy is needed for maintenance
(NAS-NRC 1976, Morley 1978) and a greater proportion of the
gain is lean, which requires less energy to deposit than does fat
(Corbett 1978). Regression analysis indicated that initial weight
accounted for 90% of the variation in average daily gain over
grazing pressures and years.
Daily gains under light stocking in 1978 and 2-year mean daily
gains under both stocking rates were significantly increased by
Ralgro implants (Table 2). This increase averaged 13% over both
stocking rates and years.
Gain per tonne of forage produced reached a maximum of 82 kg
on the high stocking rate in 1977. According toNAS-NRCfeeding
standards (1976) these steers, gaining 1.17 kg/day, would have
needed about 4.9 kg of TDN per day. Hart et al. (1983a) found that
in vitro dry matter digestibility (IVDMD) of crested wheatgrass
averaged about 64% from mid-May until end of June. Given a
stocking pressure of 70 steer days per tonne of forage, 60% utiliza‘Mention
of a trademark
USDA
to the exclusion

or proprietary
product
of similar products.

does not constitute

its approval

by
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Table 1. Performance of yearling steers and weaner calves grazing crested wheatgrass pasture in spring and fall, respectively.

Grazed by
Steers
(spring)

_Grazing season

Initial
weight
(kg)

Stocking
rate
(head/ ha)

Forage
production
(kg/ha)

298

I.16
1.54

1130&110’

235

1.08
1.62

271
186

I7 May-2 July 1976
(46 days)
24 May-5 July 1977

/day

/ha

It

53.3
71.0

47.2
62.9

97OHO

45.4
68. I

46.8
70.2

I.16
1.54

lOSti 120

64.9
86.5

59.5
79.4

.7lf.O4’
.85i.O5
I .2of.O6
I .17*.04
.92.05
.85* .04

37.7
60.5
54.5
114.9
59.5
73.6

33.4
53.6
56.2
82. I
54.7
67.5

2.43
3.30
2.33
2.91

222O~t500

119.2
161.9
147.I
183.1

53.7
72.9
53.3
66.4

.22i.O3
.I*.02
.24f.O2
.18f.O3

26.3
24.5
35.7
33.3

Il.8
II.0
13.0
12.1

(56 days)
Calves
(fall)

2 Oct.-20 Nov. 1979
(49 days)
I7 Sept.-l9 Nov. 1980
(63 days)

200

Gain (kg)

it

(42 days)
30 May-25 July 1978

Animal days

276(n620

/ha

lMean f standard error of mean.

tion, and 64% IVDMD, one calculates an estimated consumption
plus waste of 8.6 kg of dry matter and 5.5 kg of IVDMD steer per
day. Thus even this large gain was in line with predicted values.
Calf daily gains on crested wheatgrass in the fall were much
lower than steer gains in spring. Gains on crested wheatgrass were
also less than gains on range just before weaning. Calf average
daily gains were 0.84and 0.72 kg during the last 4 weeks on range in
1979 and 1980, respectively. These diffeiences in gain reflect (I) the
low quality of mature forage accumulated since spring, (2) the fact
that calves used only a small part of this forage, and (3) the slowing
in rate of gain following weaning. Miller (1958) reported 5.9%
crude protein, 37% crude fiber, and 17% lignin in mature crested
wheatgrass, and 3.3% crude protein and 41% crude fiber in “very
mature”crested wheatgrass. Cook and Harris (1952) observed that
sheep ate only the leaves of mature crested wheatgrass, and calves
appeared to be as selective, eating mostly the leaves on mature
stems remaining from spring growth and the small amount of fall
regrowth. Thus total herbage production greatly overestimated
grazeable forage.
Average daily gains of calves declined significantly as.grazing
pressure increased. This decline was described by the equation
ADG = 0.45-0.0041 (calf days/tonne forage). This equation
accounted for 95% of the variation in daily gains, and was significant at the 5% level, but was based on only 4 points. Also keep in
mind that it applies only to calves grazing low-quality accumulated
growth of crested wheatgrass in the fall, and should not be extrapolated to other types and qualities of forage or classes of cattle.
Objections may be raised to comparisons between spring grazing
with steers and fall grazing with calves. However, a range manager
must make comparisons of this kind regularly when deciding on
season of use, class of stock, and stocking rate for a particular
pasture. Grazing pressure-gain response curves provide a rational
basis for such decisions.
Maximum gain of steers per tonne of forage produced was over 6
times the maximum gain of calves. This demonstrates that grazing
of crested wheatgrass with steers in the spring, when it is most
Table 2. Gains of steers grazing crested wheatgrass pasture in spring, with
without Ralgro implants.

Year
1977
1978
Mean

Stocking rate
(head/ ha)
1.08
I .62
Mean
I.16
I .54
Mean
1.12
I .58
Mean

*Gains under Ralgro and check
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Daily gain (kg)
Check
Ralgro
I .23
I .20
1.21
1.03
.92
.96
1.12
I .06
I .08

signifiantlydifferent, 5% level.

*
*
*
*
*

I.17
I .09
1.12
.79
.79
.79
.98
.95
.96

palatable and nutritious, converts grass to gain much more efficiently than fall grazing of accumulated grass with calves. However, if the calf pastures had been grazed in the spring and then
calves allowed to graze fall regrowth, their efficiency might have
been higher.
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Mule Deer Preference and Monoterpenoids
(Essential Oils)
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Abstract
Wild wintering mule deer browsed on a uniform shrub garden
near Helper, Utah.1 On this grrden, 21 accessions from SArtemisia
taxa were selected to test the relationship between deer preference
for these accessions and the amount of monoterpenoids present in
the accessions. Deer preferences were determined by measuring
removal of current year’s growth. Samples of current year’s growth
(leaves and stems with terminal buds) were collected at the time
preference measurements were taken to determine monoterpenoid
content. Deer use ranged from zero to 83% of the current year’s
growth. Total monoterpenoid
content among accessions varied
from 0.75 to 3.62% of dry matter. Coefficients of determination,
preference versus monoterpenoid
levels (total and individual)
ranged from 0 to 18%. The monoterpenoid content of various
accessions of Artemisia taxa was not significantly related to deer
preference.

Because of the bacteriostatic and bactericidal properties of
monoterpenoids (essential oils), a number of workers became concerned about possible adverse effects monoterpenoid-producing
plants might have on ruminant digestion through suppressing
rumen microorganisms. Nagy et al. (1964), Oh et al. (1967), Nagy
and Tengerdy (1968), and Schwartz et al. (198Oa) have reported in
vitro evidence that monoterpenoids, when in high enough concentrations, do suppress activities of rumen microorganisms. From
these reports the following hypotheses have emerged: (I) when big
sagebrush exceeds 15-30% of the diet, ruminant digestion will be
adversely affected2 (Wallmo and Regelin 198 1); (2) the “theoretical”decline of mule deer in the western United States may be due to
high (over IS-30%) big sagebrush consumption (Dietz and Nagy
1976); and (3) mule deer selected monoterpenoid-containing
forage plants with the least amount of monoterpenoids (Nagy and
Tengerdy 1968, Schwartz et al. 1980b, Wallmo and Regelin 1981).
The third hypothesis, monoterpenoid content versus preference,
is the subject of this study. During digestibility trials, Smith (1950)
noted that penned deer showed definite aversion to individual big
sagebrush plants. Mule deer preference for certain accessions
and/ or individual plants of big sagebrush has been observed in the
field by a number of researchers (McArthur et al. 1979, Sheehy and
Winward 1981, Welch et al. 1981). Welch et al. (1981) demonstrated differential preference of wintering mule deer for accessions
of big sagebrush grown on a uniform garden. A few attempts have
been made to relate monoterpenoid content to preference (Sheehy
1975, Scholl et al. 1977, Radwan and Crouch 1978, Schwartz et al.
Welch and h&Arthur are principal research plant physiologist and principal
research plant geneticist, respectively, with the USDA, Forest Service, Intermountain
Forest and Range Ex riment Station, Shrub Sciences Laboratory, Provo. Utah
84601; Davis is wildh,Fe research biologist with the Utah Division of Wildlife Resources, Shrub Sciences Laboratory, Provo (W-82-R. Job I).
Manuscript received April 7, 1982.
‘The shrub gardenat the Gordon Creek Wildlife Management area near Helper, Utah,
is cooperatively maintained by the Utah State Division of Wildlife Resources (W-82R, Job I) and the Intermountain Forest and Range Experiment Station.
*A number of studies have been reported that challenge the idea that big sagebrush
monoterpknoids (essential oils) suppress microbial digestion (Smith 1950. 1952.1957,
Sheehy 1975, Welch and McArthur 1979. Tueller 1979, Connolly et al. 1980, Kufeld et
al. 1981, Narjisse 1981, Welch and Pederson 1981. Cluff et al. 1982. Pederson and
Welch 1982. White et al. 1982a).
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1980b, Narjisse 198 I, White et al. 1982b). Results of these studies
fall into two categories: (1) monoterpenoids adversely influence
preference (Schwartz et al. 1980b, Narjisse 1981-goats), and (2)
monoterpenoids have little influence on preference (Scholl et al.
1977, Radwan and Crouch 1978, Narjisse 1981-sheep, White et al.
1982b). With this conflict in mind, we undertook this study to
determine wintering mule deer preference for accessions of Artemisiu taxa grown on a uniform garden as related to monoterpenoid
content.
Materials

and Methods

From a uniform shrub garden located near Helper, Utah, we
selected 21 accessions of sagebrush to determine the relationship
between wild mule deer preference for these accessions and monoterpenoid content. The following species and subspecies of sagebrush were represented in the study: Artemisia tridentata ssp.
tridentata (basin big sagebrush), A.t. ssp. vaseyana (mountain big
sagebrush), A. now (black sagebrush), A. arbuscula (low sagebrush), and A. cana (silver sagebrush). In all, 21 accessions from
various Utah and Nevada sites were chosen (Table I). For each
accession, 5 plants were randomly selected to determine mule deer
preference and monoterpenoid content. We expressed preference
of mule deer for the various accessions as a percent of current year’s
growth (vegetative stems and leaves) used.
Methodology used to measure forage used has been described
elsewhere (Welch et al. 198 I). Basically, it consists of prebrowsing
and postbrowsing measurements. The prebrowsing measurements
were made on November 20, 1980. By December 17,1980,4 of the
21 accessions had already received heavy deer usage. Any additional use on these 4 accessions would have resulted in current
year’s growth with terminal buds being unavailable for use in
determining monoterpenoid content. On December 18, 1980, we
took the postbrowsing measurements and vegetative samples
needed for running the monoterpenoid determinations. As suggested by Nichols (1973) all samples were collected within a 90minute period (IO-1 I:30 a.m.). We removed the same type of tissue
from plants as was removed by deer, namely, the terminal buds,
and corresponding length of twigs with leaves (4 cm). For the 10
accessions that had not received any use, we sampled the first 4cm
of the twigs from terminal buds (leaves and stems). Samples collected from a given accession were pooled and frozen on-site with
liquid nitrogen and transported in dry ice to laboratory freezers.
Sample preparation, extraction, and monoterpenoid determinations have been described elsewhere (Welch and McArthur 198 I).
Data were expressed as percent used (preference) and as percent
of dry matter (monoterpenoid content). Correlation analysis, factor analysis, principal components, and multiple regressions were
used to measure the relationship between preference and monoterpenoid content (total and individual).
Results

Deer consumed 0 to 83% of the current year’s growth among 21
accessions of sagebrush (Table 2). The relationship between wintering mule deer preference for accessions of sagebrush and mono405

terpenoid content is given in Table 2.
Correlation coefficients ranged from O-43%. Correspondingly,
coefficients of determination ranged from O-18%. We found no
significant relationship between preference and monoterpenoid
content with factor analysis, principal components analysis, or
multiple regression.

Table 1. Acquisition location of 21 accessions of sagebrush grown on a uniform garden.
Species and subspecies

Accession

lndianola

Discussion
Other attempts have been made to relate monoterpenoid content
to animal preference. Sheehy (1975) reported that the relative
concentration of 8 monoterpenoids could account for 90% of the
variation in mule deer utilization among 7 sagebrush taxa. Scholl
et al. ( 1977) however, using relative concentration of 8 monoterpenoids could only account for 20.7% of the variation in wild mule
deer preference for 12 sagebrush taxa. Radwan and Crouch (1978)
found that “families of Douglas-fir” varied significantly in yield
and composition of monoterpenoids,
but differences were not
related to black-tailed deer preference. White et al. (1982b) using
pygmy rabbits (Brachyiagus idahoensis) as test animals reported
no significant relationship between grams of big sagebrush eaten
and monoterpenoid content (r2 values ranged from O-12?@. In a
test to determine the influence of the odor of monoterpenoids on
food preference in sheep and goats, Narjisse (1981) found that, for
the first 2 days.of the trial, sheep ate more food from feed bins
lacking monoterpenoids. Selection after the first 2 days was random. Goats did not discriminate against monoterpenoid odor.
Next, Narjisse tested to determine if anosmic sheep and goats would
discriminate against the taste of monoterpenoids. He mixed monoterpenoids with pelleted feed and gave his animals a choice between
pellets with and without monoterpenoids. Goats discriminated
against the taste of monoterpenoids, sheep did not.
The strongest evidence that monoterpenoids influence animal

County and state

Arremisia rridentata ssp. tridentara
Oman
lvie Creek
Unknown source
Arremisia rridentata ssp. vaseyana
Hobble Creek
East Austin
Colton
Austin
Monticello
Spanish Valley
Milford

Sanpete, Utah
Carbon, Utah
Sevier, Utah

Utah, Utah
Lander, Nevada
Utah, Utah
Lander, Nevada
San Juan, Utah
Grand, Utah
Beaver, Utah

Artemisia nova
Manti
Black Mountain
Spring Valley
Pine Valley
Mayfield

Sanpete, Utah
Sevier, Utah
White Pine, Nev.
Millard, Utah
Sanpete, Utah

Salina
Paradise
Austin
Indian Peaks

Sevier, Utah
Humboldt, Nevada
Lander, Nevada
Beaver, Utah

Soldier’s Summit

Wasatch, Utah

Artemisia arbuscula

ArfemrSracana

Table 2. The relation between mule deer preference for accessions of 5 taxons ofdrtemisiu
grown in a uniform garden and the monoterpenoid content of
the accessions. The relation between preference and monoterpenoid content is expressed as correlation coeffkients (r) and as coefftcients of determination (rj). Mule deer preference expressed as a percent of current year growth eaten. Monoterpenoid content expressed as a percent of dry matter.
Note, that not all monoterpenoids found in the accessions are listed (remaining data on file at the Shrub Sciences Laboratory; 735 North 500 East;
Provo, Utah 84601).
Accessions of
Arlemisia taxa

Total
monoterpenoids

o-Thujone

&Thujone

Camphor

% Used

Indianola-t*
Unknown-t
Oman-t
Ivie Creek-t

1.08
3.62
I.41
1.27

0.09
0.00
1.21
0.00

0.27
0.27
0.04
0.00

0.03
0.00
0.12
0.07

00
00
00
00

Hobble Creek-v
East Austin-v
Colton-v
Austin-v
Monticello-v
Spanish Valley-v
Milford-v

2.21
2.48
1.82
2.18
0.89
1.67
2.45

0.00
I.27
0.00
0.01
0.00
0.00
0.00

0.16
0.05
0.32
0.17
0.00
0.00
0.00

I .04
0.00
0.39
0.37
0.20
0.23
I.25

83
57
83
40
57
67
69

Salina-a
Paradise-a
Austin-a
lndian Peaks-a

0.97
1.09
1.36
1.14

0.00
0.00
0.00
0.00

0.76
0.00.
0.00
0.00

0.06
0.00
0.30
0.19

I5
21
00
56

Soldier-c

2.72

0.00

0.00

0.00

00

1.05
1.17
0.75
I .22
2.27

0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.05

0.39
0.45
0.45
0.43
0.63

00
00
00
48
00

0.14

0.00

0.01

0.43

-

0.02

0.00

0.00

0.18

Manti-n
Black Mountain-n
Spring Valley-n
Pine Valley-n
Maylield-n

tridentataSSP. rriakntaia
v=Artemisia
triahttata
ssp. voseycrn~
a=Artemisia arbuscula

*t=Ar@misiu
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c=Artemisia cana
n=Artemisia nova
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preference comes from Schwartz et al. (1980b), who used tame
mule deer as test animals in cafeteria feeding trials. The trials were
designed to determine preference for 3 species of juniper and for
Their
pelleted feed treated with different levels of monoterpenoids.
results showed that tame mule deer preferred feed that had the
lowest levels of oxygenated monoterpenoids. Barbar et al. (1969)
reported that sagegrouse selected sagebrush containing the lowest
concentrations of monoterpenoids.
Thus, 3 studies (Barbar et al. 1969, Schwartz et al. 1980b,
Narjisse 1981-goats) have supported the contention that monoterpenoid levels influence test animal preference and 5 studies (Scholl
et al. 1977, Radwan and Crouch 1978, Narjisse 198 l-sheep, White
et al. 1982, this study) did not. It may be in the case of cafeteria
trials by Schwartz et al. (1980b) and Narjisse (1981-goats), where
all other factors were held constant, that monoterpenoids significantly influenced preference and that under field conditions in our
study, monoterpenoid
influences were masked by other factors.
One of these other factors could be animal experience. Zimmerman (1980) reporting on cattle on shrub ranges in Nevada noted

that it is important that calves stay with their mothers to learn how
to survive on shrub ranges. Without this experience, it would be
doubtful that calves could survive on shrub diets. Narjisse (1981) in
range tests reported that experienced range sheep consumed significantly higher levels of big sagebrush than inexperienced sheep.
Carpenter et al. (1979) found that tame mule deer also increased
big sagebrush consumption over time. Unknown animal factors
may play as important a role in preference as plant factors do.
In summary, our study shows that monoterpenoid content of the
various accessions of Artemisiu taxa was not significantly related
to deer preference.
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Food Habits of Mountain Goats, Mule Deer,
and Cattle on Chopaka Mountain, Washington, 19774980
ERICK G. CAMPBELL AND ROLF L. JOHNSON

Abstract

Study Area

The seasonal food habits of mountain goats, mule deer, and
cattle on Chopaka Mountain, Wash., (1977-1980) were determined
by fecal analysis. Graminoids represented 84% of the fall diet of
cattle, the only period when cattle occurred within the mountain
goat range. Mountain goats utilized graminoids (42%) and shrubs
(31%) primarily; whereas, mule deer consumed shrubs (45%) and
conifers (2%). Dietary overlap was greatest between mt. goatsand
mule deer (37%) and mt. goats and cattle (32%), and minimal
between mule deer and cattle (15%). Considerable in&a- and interseasonal variation was experienced for all 3 species.

The study area, Chopaka Mountain, is located in northcentral
Washington approximately 24 km west of Oroville. Mt. goats
utilized approximately 2,400 ha of the mountain at elevations
ranging from 2,388 m on Chopaka Mountain down to 360 m in the
Similkameen Valley. Annual precipitation varied from 65 cm at
the higher elevations to 38 cm in the valley. Snowpack averaged 2-3
m on Chopaka Mountain to 0.5 m in the Similkameen Valley.
Seventy-one percent of the area is administered by the Bureau of
Land Management, 25% is administered by the Washington State
Department of Natural Resources, and 4% is privately owned.
Geologically, Chopaka Mountain is an extension of the Cascade
Mountain Range, although it borders the Okanogan Highlands
and shares similar rock formations. The principal mt. goat range is
on the eastern face of Chopaka Mountain where steep cliffs are
interlaced with sharp, steep draws and hogback ridges. Cattle
utilize the relatively flat terrain on the top and bottom of Chopaka
Mountain. Mule deer utilize the entire area, except for the steepest
cliffs.
Substantial elevational changes, discontinuous wildfires, and
geological outcrops have resulted in a diversity of climax and
successional plant communities. The lower elevations are dominated by an open forest composed of ponderosa pine (Pinusponderosa), Douglas fir (Pseudotsuga menziesii), and bunchgrass
(Agropyron spp.) communities. Mixed subalpine fir (Abies fasiocarpa), lodgepole pine (Pinus contorta), and whitebark pine (Pinus
albicaulis) communities dominate the higher elevations.
Bunchgrass communities dominate the developed soil sites;
whereas, shrubs predominate near rock slides on the poorer soil
sites. Bluebunch wheatgrass (Agropyron spicatum), ldaho fescue
(Festuca idahoensis), pinegrass (Calamagrostis rubescens), Sandberg’s bluegrass (Poa sandbergii), and cheatgrass (Bromus tectorum)
are the predominant grasses. Dominant shrubs include
buffaloberry (Shepherdia canadensis), currant (Ribes spp.), sagebrush (Artemisia spp.), serviceberry (Amelanchier alnifolia),
Oregon grape (Berberis nersosa), ninebark (Physocarpus malvaceous), and snowbrush ceanothus (Ceanothus velutinus).

Local concern has been generated over the drastic decline of
mountain (mt.) goats (Oreamnos americanus) on Chopaka Mountain, Wash., since the late 1940’s. Advancing plant succession and
competition with mule deer (Odocoileus hemionus) and cattle (Bos
taurus) for available forage and space were thought to be the prime
factors resulting in this reduction. Multiple use mandates upon the
Bureau of Land Management made the determination of the interactive food habits of mt. goats, mule deer, and cattle imperative.
Forage allocation without such data would be impossible. The
purpose of this study was to determine the seasonal food habits and
dietary overlaps for mt. goats, mule deer, and cattle on Chopaka
Mountain, Wash.
Historically, food habits studies have usually dealt with a single
species of animal. Only recently has the fecal analysis food habits
study methodology enabled investigators to quantify and compare
herbivore diets (Storr 1961, Sparks and Malechek 1968, Hansenet
al. 1973, Todd and Hansen 1973, Dearden et al. 1975).
A number of comparative food habits studies are available for
mule deer and cattle (Schwann 1945, Julander 1955, Mackie 1970
McKean and Bartmann 1971, Constan 1973, Hansen and Reid
1975, Hubbard and Hansen 1976, Hansen et al. 1977, Hansen and
Clark 1977), but no comparative studies are available for mt. goats.
Previous comparative food habits studies have demonstrated that
ungulate food habits studies and their relationships vary considerably depending upon the specific ungulate involved, sampling
techniques, location of study, year of study, and season of study.
Generalization of food habits and their relationships are, therefore, rarely reliable.
Mt. goat food habits studies (Anderson 1940, Harmon 1944,
Casebeer 1948, Brandborg 1955, Saunders 1955, Hibb 1967, Kuck
1970) have been limited in scope and sample size due to the
relatively inaccessible habitat of the animals.
Authors are wildlife biologist, U.S. Bureau of Land Management, Safford, Ariz.,
and wildlife biologist, Washington Department of Game, Olympia, Wash.
This study was supported by the U.S. Bureau of Land Management, Pittman
Robertson Project 88R, and the Washington Department ofGame. Weappreciate the
assistance of Bruce Davitt of the Wildlife Habitat Laboratory at Washington State
University for microhistological fecal analysis and Jerry King and Bill Hebner ofthe
Washington Department of Game for fecal sample collection. We also wish to
acknowledge thecritical review of the manuscript by Raul Valdez, David Kitchen, and
R.M. Hansen.
Manuscript received September 14, 1981.

Methods
The botanical composition of seasonal diets was determined by
microhistological analysis of fecal material. The Wildlife Habitat
Laboratory at Washington State University performed all microscopic analysis utilizing standard techniques (Storr 1961, Sparks
and Malechek 1968, Williams 1969, Ward 1970).
One composite sample, of at least 10 aliquots, of fecal material
was collected each season. Anthony and Smith (1974) in their work
on seasonal deer diets in Arizona reported that 15 composited
subsamples were sufficient to adequately describe seasonal forage
habits. The inaccessibility of mt. goat habitat limited the subsample size of this study to a minimum of ten. All fecal samples were
collected from areas in the Anderson Creek drainage where mt.
goats, mule deer, and cattle were seen during the winter, spring,
summer, or fall periods. Mt. goat and mule deer fecal samples were
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collected at elevations of 450 m to 1,200 m during the winter and
spring periods, while summer and fall collections were from 1,800
m to 2,300 m. Cattle fall samples were collected at 2,300 m
elevation.
Kulcyznski’s similarity index (Oosting 1956) was used to compare forage overlap.
Results
Tables 1, 2, and 3 detail the seasonal food habits of mt. goats,
mule deer, and cattle, respectively. Considerable intra- and interseasonal variation occurred between seasons and species of
ungulate.
Fifty-four plant species were identified in the fecal samples from
mt. goats. Graminoids accounted for almost one-half of the mt.
goat diet, with the exception of the winter period. Shrubs and
conifers were of secondary and tertiary importance, respectively.
Conifer use was greatest during the winter period when other
forage items were not as readily accessible. Dietary overlap was

greater between mt. goats and mule deer (37%) than mt. goats and
cattle (32%).
Forty-seven plant species were identified in the fecal samples
from mule deer. Shrubs and conifers constituted the primary and
secondary forage items of mule deer, respectively. Graminoidsand
forbs combined never accounted for more than approximately
one-third of the diet. Dietary overlap between mule deer and mt.
goats (37%) was double that of mule deer and cattle (15%).
Twenty-eight plant species were identified in the fall fecal samples from cattle. Cattle predominantly utilized graminoids (84%),
with Curex spp. accounting for 53% of their fall diet. Dietary
overlap between cattle and mule deer was half (15%) that of cattle
and mt. goats (32%).
Discussion
Knowledge of the food habits of an ungulate, or any organism
for that matter, is of paramount importance to understanding the
ecological relationships of a particular community (i.e., foraging

Table 1. Relative percent density of plant fragments in mt. goat fecal samples from Mt. Chop&r, Wash., 1977-198f~.
Plant species

Winter

Spring

Summer

12.6

16.3

18.0

1.9

3.6

3.6

5.4

1.1

2.9

6.2

7.4
-

10.6
2.4

4.0
3.5

4.0
9.4

1.4
0.9
31.3

7.7
2.3
45.8

4.1
3.3
43.3

Fall

Graminoids
Agropyron spicatum
Calamagrostis rubescens
Carex spp.
Festuca idahoensis
Phleum alpinum
Poa spp.

Miscellaneous graminoidsr
Total

16.5

1.4
8.0
2.8
47.5

Forbs
2.9

1.9

3.1

2.3

0.2

0.4

0.6

0.8

0.1
0.6
0.1
0.5

0.8
0.8

0.5
0.2

0.6

-

Fern

0.4

0.2

0.2
1.7

0.9

1.3
0.8
0.5

0.3

0.1

1.5

0.3
3.2

3.1
8.8

8.5
20.0

Fragaria spp.
Moss champion

-

Penstemon spp.
Sedum spp.
Verbascum

0.3

0.3

0.2

Achilles lanulosa
Arenaria spp.
Erigeron spp.
Eriogonum spp.

thapsis

Miscellaneous forbs2
Total

0.4
0.7
0.6
I.0
0.8

-

0.1
4.2
13.4

Shrubs
Amelanchier alnifolia
Artemisia spp.
Rerberis repens
Ceanothus velutinus
Ledum groenlandicum

3.6

2.2

0.4

3.1

1.0

7.1

2.1
5.8

2.1
2.0

1.0

1.1

0.7
2.6
0.6

0.3
1.1
0.8

0. I
0.9
1.6
0.3
1.6

0.4
0.7
1.5

4.8

6.8

0.2
1.4

3.9

3.9
1.0
0.8

1.1

Philadebhus
lewisii
Physocarpos malvaceous
Prunes spp.
Ribes spp.
Rosa nutkana
Salix spp.
Sambucus spp.

0.8

0.7

1.2

1.0
0.9

0.2
0.9

1.5
0.5

Shepherdia

5.0

4.3

9.3

4.0
36.0

5.3
29.4

3.1
29.8

28.1

14.1

6.2

8.7

Lichen

1.2

0.6

0.6

0.3

Unknown

0.2

1.3

0.1

0.8

Total

100.0

100.0

100.0

100.0

canadensis

Miscellaneous shrubs’
Total
Conifers

1.2
2.4
0.8
0.7

6.0
4.9
29.3

‘Includes: Bromw spp., Koeleria cristota, Sitanion hystrix, and Stipa spp.
‘hhdes: Astrogcrh SPP.. Epilobium angusttfattwn. Heuchera spp., Hieracium spp., Lupines spp., Potentilla spp., aad Semeiospp.
‘Includes:Acerglobrum,CassioPe tetragow Dryas spp., Holodiscus discolor, Phytlodoce empetrijormes, Rhus spp., Rubas spp., Spiraea betuofo& Symphartcarpos atbus
and Vaccinium scoporium.
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habits, niche structures of the various populations and the community, and energy and nutrient flow patterns within the ecosystems). Ungulate productivity can often be maximized in an area
where a number of different species of ungulate are present which
have differing food habits.
Land management and game and fish department personnel
must consider the competition for food resources when establishing stocking rates for livestock or harvest rates for big game. There
must be concern for the depletion of one ungulates forage supply
by another. In this study dietary overlap between mt. goats and
mule deer as well as mt. goats and cattle would appear to be more
important than that between mule deer and cattle. That, however,
may not always be the case.
Mt. goats and cattle utilized little common habitat; cattle preferred the level top and base of the mountain and mt. goats
occupied the steeper terrain; so possible food competition would
be minimal even though mt. goats and cattle utilized 42% and 84%
graminoids, respectively. Mt. goats, however, historically occupied the level top of Chopaka Mountain prior to the introduction
of the cattle. Competition may well exist between mt. goats and
cattle for space, that is, the top of the mountain. The fall dietary
overlap between mule deer and cattle was insignificant, 15% overall. Mt. goats and mule deer exhibited the greatest degree of dietary

overlap. Mt. goats utilized graminoids (l7-70%) and shrubs
(8-70s) primarily; whereas mule deer predominantly consumed
shrubs (12-7970) and conifers (l-74%). The period of greatest
dietary overlap between the mt. goat and mule deer occurred
during the spring period (44%) and the least during the fall period
(29%). The comparative food habits data presented herein do not
indicate that one species was restricting another. Forage use data
would be necessary to evaluate at that facet of their competitive
ecology and those data were not collected during this study.
Similar studies have documented the relatively low level of food
competition between mule deer and cattle experienced in this study
(15%). Hansen and Clark (1977) determined a much lower value of
4%, Hubbard and Hansen (1976) 2 to 4%; whereas, Hansen and
Reid (1975) determined forage competition to be between 12 and
38%. All of these studies were conducted in Colorado. Nocomparative studies had ever been performed on mt. goats prior to this
study. Previous mt. goat food habits studies have documented high
use of graminoids (Saunders 1955, Hibbs 1967), mosses and lichens
(Harmon 1944), bunchgrasses and mt. mahogany (Cercocurpus
ledijblius) (Brandborg 1955), and shrubs (Kuck 1970). This study
demonstrates a generalized preference for graminoids and shrubs,
depending upon availability.

Table 2. Relative percent density of plant fragments in mule deer fecal samples from Mt. Cbopaka, Wash., 1978-80.

Plant species

Spring

Summer

4.1
2.1
1.3
1.5
2.9

3.2
3.2
4.8
0.4
2.9
1.6

1.4
2.2
4.8
0.8
1.4
0.3

17.2

11.9

16.1

10.9

0.5

0.2

2.0

0.3

1.1

I.1

1.1

0.3

1.3
3.2
2.5

0.6
0.2

!:i

0.5
2.9
1.3

0.2
I.4
0.2

6.0

10.3
18.1

3.8
6.2

6.0
0.3
0.2
1.4
9.8
3.1
I.3
1.8
1.9
1.7
6.1
47.0

5.0
3.7
1.9
4.5
4.0
0.5
0.5
3.2
1.8
2.1
0.7
0.2
1.4
5.0
34.5

2.8
0.2
0.7
3.1
3.0
1.1
1.7
2.5
3.9
2.6
I.5
27.6
2.6
8.3
61.6

0.8
1.7
3.0
0.4
0.8
0.1
3.4
I.8
6.2
0.8
9.3
0.6
6.8
36.8

Conifers

21.1

47.3

2.4

46. I

Lichen

0.1

0.3

1.8

-

Unknown

0.1

Total

100.0

Graminoids
Agropyron spicatum
Calamagrostis rubescens
Carex spp.
Phleum alpinum
Poa spp.
Miscellaneous graminoids’
Total
Forbs
Achiilea lanulosa
Astragalus spp.
Erigeron spp.
Fragaria spp.
Potentilla spp.
Miscellaneous forbs*

Total

Winter
5.3
0.1
5.5
2.5
3.8

5.9
14.5

-

Fall

Shrubs
Amelanchier alnifolia
Artemisia spp.
Eerberis repens
CeanothJs velutinus
Physocarpos malvaceous
Prunus spp.
Rhus spp.
Ribes spp.
Rosa nutkana
Salix spp.
Sambucus ceruka
Shepherdia canadensis
Symphoricarpos albus
Miscellaneous shrubs,
Total

2.3

1.1
10.0

-

-

100.0

100.0

‘Includes: Bromus spp., Docrylis glomerara, and Fpsruca idahoensis.
%cludes: Epilobium ongusli/olium. Eriogonum spp., Ferns. Heuchera spp.. Lupinusspp., Pensremon spp., Senecio spp., and Verbascum rhopsis.
Jlncludes: Acer globrum, Cassiope terragono. Dryas spp., H&discus dtscolor,Ledumgroenlandicum,Philcrdelphw lewisii, Phyllodoce emperri/ormes,
Rubus
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1.1

100.0

Populus spp.,

spp.. and Vaccinium scoparium.
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Table 3. Relative percent density of plant fragments in cattle fecal samples
from Mt. Chopaka, Wash.; 1978-80.

Fall

Plant species
Graminoids

10.1
1.4
3.4
53. I
7.1
0.2
7.9

Agropyron spicatum
Bromus spp.
Colamagrosris rubescens
Care-x spp.
Festuca idahoensis
Phleum olpinum
Poa spp.
Stipa spp.

0.6

Total

83.8

Forbs
Achilles lanuloso
Arenaria spp.
Erlgeron spp.
Eriogonum spp.
Heuchera cylindrica
Lupirtus spp.

3.2
0.2
2.0
0.5
0.3

Miscellaneous forbst
Total

1.3
8.6

I.1

Shrubs
Acer glabrum
Amelanchier alnt~olia
Arremisia trtdentoto
Ceonothus velutinus
Philadelphus lewisii
Rosa nutkona
Salix spp.
Shepherdia canadensis
Symphoricarpos
albus

0.5
0.5
0.4
0.6
0.5
1.8

0.5
0.6
0.9
6.3

Total
Conifers

1.3

Total

100.0

‘Includes: Cirsium

orwnse.

Fragaria

bracrearo.

Saxfraga

rolmei.

and

Verbascum

thapsis.

The diets of all three species of ungulates varied considerably
between seasons and within a season. Cooperider et al. (1980)
experienced similar variations in Rocky Mt. bighorn sheep in
Colorado.

These tremendous

variations

should caution us that one

year’s food habits data are insufficient to assess foraging ecology
given the variation inherent to each species of ungulate.

Literature Cited
N.A. 1940. Mountain goat study. State of Washington Dep.
Game Biol. Bull. No. 2.
Anthony, RX., and N.S. Smith. 1974. Comparison of rumen and fecal
analysis to describe deer diets. J. Wildl. Manage. 38:535-540.
Anderson,

BRANDAIDS

SM. 1935. Life history and management of the mountain goat
in Idaho. State of Idaho Dep. Fish and Game Wild]. Bull. 2.
Casebeer, R.L. 1948. A study of the food habits of the goat (Ureamnos
omericonus missoulae) in western Montana. MS. Thesis. Montana State
Univ., Missoula.
Constan, KJ. 1973. Winter foods and range use of three species of ungulates. J. Wildl. Manage. 36:1068-1076.
Cooperider, A., S. McColiough, and J. Bailey. 1980. Variation in bighorn
sheep food habits as measured by fecal analysis. Proc. 1980 Northern
Wild Sheep and Goat Conference, Salmon, Ida. April 23-25. 1980. In
press.
Derrden, B.L., R.E. Pegau, and R.M. Hansen. 1975. Precision of microhistological estimates of ruminant food habits. J. Wildl. Manage.
39:402-407.
Hansen, R.M., D.G. Peden, and R.W. Rice. 1973. Discerned fragments in
feces indicates diet overlap. J. Range Manage. 26:103-105.
Hansen, R.M., and L.D. Reid. 1975. Diet overlap of deer, elk, and cattle in
southern Colorado. J. Range Manage. 28:43-47.
Hansen, R.M., and R.C. Clark. 1977. Foods of elk and other ungulates at
low elevations in northwestern Colorado. J. Wildl. Manage. 41:76-80.
Hansen, R.M., R.C. Clark, and W. Lawhom. 1977. Foods of wild horses,
deer, and cattle in the Douglas Mountain area, Colorado. J. Range
Manage. 30: 116-l 18.
Harmon, W. 1944. Notes on mountain goats in the Black Hills. J. Mammal.
25:149-151.
Hibbs, L.O. 1%7. Food habits of the mountain goat in Colorado. J.
Mammal. 48:242-248.
Hubbard, R.E., and R.M. Hansen. 1976. Diets of wild horses, cattle. and
mule deer in the Piceance Basin, Colorado. J. Range Manage. 29:389392.
Julander, 0. 1955. Deer and cattle range relations in Utah. Forest Sci.
l:l30-139.
Kuck, L. 1970. Rocky Mountain goat ecology. State of Idaho Fish and
Game Dep. P-R Project Rep. W-l44-R-GZ.
Maekie, RJ. 1970. Range ecology and relations of mule deer, elk. and
cattle in the Missouri River Breaks, Montana. Wildlife Monogr. No. 20.
McKean, W.T., and R.W. Bartmann. 1971. Deer-livestock relations of a
pinyon-juniper range in northwestern Colorado. Colorado Game, Fish,
and Parks Rep. W-101-R.
Oosting, H.S. 19%. The study of plant communities. W.H. Freeman and
Co., San Francisco.
Saunders, J.K. 1955. Food habits and range use of the Rocky Mountain
goat in the Crazy Mountains, Montana. J. Wildl. Manage. 19:429-437.
Schwan, H.E. 1945. Big game and livestock on the western range. Trans. N.
Amer. Wildl. Conf. l&219-224.
Sparks, D.R., and J.C. Male&k.
1968. Estimating percentagedry weights
in diets using a microscope technique. J. Range Manage. 21:264-265.
Storr, G.M. 1961. Microscopic analysis of feces, a technique for ascertaining the diet of herbivorous mammals. Australian J. Biol. Sci. 14:157-164.
Todd, J.W., and R.M. Hansen. 1973. Plant fragments in the feces of bighorns as indicators of food habits. J. Wildl. Manage. 37:363-366.
Ward, A.L. 1970. Stomach content and fecal analysis: methods of forage
identifiction. In: Range and Wildlife Habitat Evaluation: A Research
Symposium. USDA Misc. Pub. 1147.
Williams, O.B. 1969. An improved technique for identification of plant
fragments in herbivore feces. J. Range Manage. 2251-52.
Brandborg,

Needed?

Copies of BRANDAIDS,
the booklet developed by the Society for Range Management to help
ranchers weather the difficult financial climate, are available from the Society headquarters, 2760 West
5th Avenue, Denver, CO 80204. A single copy per individual for a single instance is available free of
charge. Two to 100 copies may be purchased ($751~each, postpaid; more than 100 are 50~ each. Please
allow 2 weeks delivery after receipt of your order.

JOURNAL OF RANGE MANAGEMENT 36(4), July 1983

491

Seasonal Variation of Monoterpenoids
Big Sagebrush [Artemisia tridenta ta]

in

JOY D. CEDARLEAF, BRUCE L. WELCH, AND JACK D. BROTHERSON

Abstract
Monthly monoterpenoid content was determined for 16 big
plants grown on a uniform
sagebrush (Artemisia trhhtata)
garden. These 16 plants were selected at random from 4 accessions
of basin big sagebrush (A.1. ssp. tridentata)-4 plants per accession. A composite sample wn taken for a fifth accession of mountain big sagebrush (A.t. vasqana). Monoterpenoid content varied
seasonally with the lowest content occurring during May (0.97% of
dry matter). Highest monoterpenoid content occurred during July
(4.18 %) followed by August (3.36%) and September (2.73%).
Dove Creek (2.61% of dry matter)ad
Marysvale (2.64%)basin big
sagebrush accessions contained significantly higher pooled levels
of monoterpenoids than the Indhutola (1.73%) and Loa (1.55%)
big sagebrush accessions. The composite samples of the Indian
Peaks mountain big sagebrush accession, an accession significantly preferred over tbe Marysvale and Loa accessions, contained
an overall monoterpenoid level of 282%. Adverse relationships
between monoterpenoid content and the consumption of big sagebrush by wintering mule deer seem weak.
Monoterpenoids, also called “volatile or essential oils,” have
been implicated as having an adverse effect on the preference of
wintering mule deer (Odocoileus hemionus) for accessions of big
sagebrush (Artemisia tridentata) (Nagy and Regelin 1977, Nagy
1979). This means that wintering mule deer would prefer accessions or plants of big sagebrush with the lowest monoterpenoid
content. In general, wintering mule deer in Utah and Oregon prefer
subspecies vaseyana over subspecies tridentata and wyomingensis
(Hanks et al. 1973, McArthur et al. 1979, Sheehy and Winward
I98 1, Welch et al. 198 1). Welch and McArthur (1981) reported that
in a uniform garden the preferred subspecies vaseyana contained
significantly higher winter levels of monoterpenoids than subspecies tridentata and wyomingensis. This conflicts with the idea that
monoterpenoids have an adverse effect on the preference of wintering mule deer for big sagebrush.
The use of big sagebrush by mule deer is cyclic, Mule deer start
consuming significant levels of big sagebrush in the mid to late fall
period. Peak big sagebrush consumption occurs during winter and
then declines to almost zero in mid to late spring (Leach 1956,
Kufeld et al. 1973, Tueller 1979, Medin 1980, Welch et al. 1981).
Leach (1956), Welch and Andrus (1977), Medin (1980), and Medin
and Anderson (I 979) noted that other types of forages were almost
continuously available for wintering mule deer consumption. Deer
did not have to consume big sagebrush. Tueller (1979), however,
reported a lack of choice among forages for the deer units he
studied. If monoterpenoids negatively influence big sagebrush consumption, then it would be expected that maximum consumption
(winter) should occur during periods of lowest monoterpenoid
content. Also, among accessions of known preferences (Welch et
al. 1981), the most preferred accessions should contain the least
amount of monoterpenoids. Therefore, we undertook this study to
Authors are graduate research assistant, Range Science Department, Brigham
Young University, Provo. Utah 84602, principal plant physiologist, Intermountain
Forest and Range Experiment Station, Shrub Sciences Laboratory, Provo, Utah
8460 I: and associate wofessor of range science. Range Science Department. Brigham
Young University, Piovo, Utah 841#2.
Manuscript received May IO, 1982.
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determine the seasonal variation of monoterpenoid content in big
sagebrush in an attempt to determine influence of monoterpenoids
on the cyclic use of big sagebrush. We used accessions of known
preference to mule deer to facilitate interpretations.
Materials and Methods
From a uniform shrub garden near Helper, Utah, 4accessions of
basin big sagebrush (A, tridentata ssp. tridentata) were chosen to
determine the seasonal variation of monoterpenoids. These 4
accessions were Dove Creek, Marysvale, lndianola, and Loa. Each
accession was represented by 4 plants selected at random. The
same 4 plants per accession were used throughout the study. An
accession of mountain big sagebrush (A. tridentata ssp. vaseyana)
from the Indian Peaks area of Utah was selected because of the
higher preference that deer have for this accession. Because of
smaller plant size and higher utilization, composite samples of the
Indian Peaks accession were taken to ensure enough tissue for the
study. Wild mule deer feed in this garden from about November to
April. The preference for these 5 accessions is known (Scholl et al.
1977, Welch and McArthur 1979, Welch et al. 1981).
Vegetative samples of current-year leaves and stems were collected randomly over the entire crown of each ssp. tridentata plant.
Collections were made during the middle of each month (January
through November 1980). After the November collection, some of
the plants lacked terminal buds; therefore, further sampling would
not have been the same as in the preceding sampling periods. All
samples were collected within a 90-minute period (lO:OO-II:30
a.m.) (Nicholas 1973). Tissue (leaves and stems) collected from a
given ssp. tridentata plant was placed in a paper bag and frozen on
site with dry ice. For mountain big sagebrush, the Indian Peaks
accession, 4 vegetative shoots of current year’s growth were
removed from each of the plants in the Indian Peaks row, pooled in
a paper bag, and frozen. Samples were transported in a cooler to
laboratory. At the laboratory the samples were placed in plastic
bags, tied, and stored in a freezer (-35” C) until needed for grinding
and extraction.
Samples were ground with liquid nitrogen using a motorized
steel mortar and pestle. Extracting and analyzing for monoterpenoids has been described by Welch and McArthur (1981).
The data for this study are expressed on a percent dry matter
basis. A randomized analysis of variance was used to detect signiticance among accessions of big sagebrush and among months.
Tukey’s multiple-range test (a=O.OS%) was used todetect signifiance among treatment means. Data were tranformed to arcsin.
(The Indian Peak accession of mountain big sagebrush was not
included in the analysis of variance.)
Results
The overall mean monoterpenoid content for all accessions and
dates was 2.2%. Analysis of variance detected significant effects
due to accessions and dates. Monoterpenoid production in big
sagebrush is cyclic (Fig. 1). Monoterpenoid content reaches a low
level during the spring months of April and May. Maximum
content is reached in the summer months of July and August.
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accessions, it was not included in the analysis of variance. Its
monoterpenoid content was 2.82%).
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Fig. 1. The seasonal variation of monoferpenoid content of 5 accessions of
big sagebrush grown in a uniform garden. Data points represent a
monrhly mean offour planrs per accession, except for the Indian Peaks
accessions which represent a composite sample from several plants.

Monoterpenoid content in September, October, November, (probably December too), and January is between the maximum and
minimum points, with February and March levels closer to the
minimum points of April and May. July (4.18%) samples of big
sagebrush contain significantly more monoterpenoids than those
other months, except August (3.36%) (Table 1). May (0.97%)
samples contain significantly fewer monoterpenoids than those of
November (2.030/o January (2.43%), September (2.73%), August,
and July. The remaining months were not significantly different
from May.
In general, the Marysvale and Dove Creek accessions contained
higher levels of monoterpenoids through the year than did the
lndianola and Loa accessions (Fig. 1). The only exception
occurred with the lndianola accession; it contained more monoterpenoids during July than the Dove Creek accessions. The composite sample from the lndian Peaks mountain big sagebrush
accession contained the highest monoterpenoid level for January,
February, March, April, July, and November (Fig. 1). Marysvale
(2.64%) and Dove Creek (2.61%) accessions were significantly
higher in monoterpenoids than the lndianola (1.73%) and Loa
(1.55%) accessions. These values represent a yearly mean among
the accessions. (Due to the composite sample of the lndian Peaks
Table 1. Seasonal variation of big sagebrush monoterpenoids
cent of dry matter.

May
0.97

April
1.36

Mar.
1.43

Feb.

Monoterpenoid content varied significantly over time. A less
intense study conducted by Sheehy (1975) showed similar results.
Less obvious is the relationship between monoterpenoid content
and the cyclic consumption of big sagebrush by mule deer. January, February, and March are considered the period of highest big
sagebrush use by wintering mule deer (Leach 1956. Kufeld et al.
1973, Tueller 1979, Medin 1980, Welch et al. 1981). Yet, the
samples collected in January contain significantly more monoterpenoids than the lowest samples of April and May. This would
mildly support the idea that monoterpenoids do not adversely
affect big sagebrush use. If monoterpenoids did affect use adversely, however, it would be expected that maximum big sagebrush
use would occur during the low months of February, March, April,
May, and June. February and March are months of high big
sagebrush use, April and May light use, and June about zero use
(Leach 1956, Kufeld et al. 1973, Tueller 1979, Medin 1980). Minimum use of big sagebrush by mule deer occurs during July,
August, and September, the months of maximum monoterpenoid
content. Thus, minimum use of big sagebrush by mule deer occurs
during the period of highest and lowest monoterpenoid levels.
On an accessional basis, lndian Peaks is significantly preferred
by wintering mule deer over the Loa and Marysvale accessions
(Welch et al. 1981). Yet, the monoterpenoid content of lndian
Peaks was the highest for all accessions including Marysvale and
Loa during January through March, the period of highest big
sagebrush use. Overall, the monoterpenoid content of lndian
Peaks (2.82%) was nearly the same as Marysvale (2.61%) and
considerably higher in monoterpenoids than Loa (1.55%). Again,
Indian Peaks big sagebrush is significantly preferred by wintering
mule deer over Marysvale and Loa big sagebrush (Welch and
McArthur 1979, Welch et al. 1981). Radwan and Crouch (1978)
also found little relationship between monoterpenoids of Douglasfir and preference by deer. In contrast, Schwartz et al. (1980)
reported that tame mule deer preferred foods that had the lowest
levels of oxygenated monoterpenoids.
While our study demonstrates the cyclic production of monoterpenoids in big sagebrush, it does not support the proposition that
monoterpenoids negatively influence wintering mule deer preference for accessions or plants of big sagebrush. Because of the
limited number of accessions used in this study we will be expanding our investigations of the role that monoterpenoids might play
in determining preferences of wintering mule deer for accessions of
big sagebrush grown in uniform gardens.
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Impact of Feral Herbivores on Mamane
Forests of Mauna Kea, Hawaii: Bark Stripping and Diameter Class Structure
PAUL G. SCOWCROFT AND HOWARD F. SAKAI

Abstract
Management of feral and Mouflon sheep and feral goats within
the Mauna Kea Forest Reserve/Game Management area has been
criticized as inadequate to prevent the adverse environmental
impact which these introduced herbivores have on native components of the scrub forest ecosystem. This study determined the
intensity of bark stripping of mamane (Sophora chrysophylla), a
small endemic leguminous tree, by these animals and assessed the
impact of their browsing on the size class structure of mamane
stands. In all but one of the 4 areas sampled, a high proportion of
mamane trees bore bark stripping wounds. Differences in the
amount of stripping between elevations in a given area, and
between areas, were attributed to differences in browsing pressure,
which in turn was dependent on the frequency of human disturbance and the behavioral traits of the herbivores. Tree size class
distributions revealed that browsing has suppressed mamane
reproduction in some areas. Suppression appeared to be the greatest in the most heavily browsed areas.
Mamane (Sophora chrysophylla), an endemic leguminous tree
(< I2 m tall), is a principal component of the scrub forest ecosystems found on Mauna Kea, on the island of Hawaii, at 1800 to 2900
m (6000 to 9500 ft) elevation. The species plays a vital role in the
survival of the Palila (Psirtirostra bailleui), an endangered endemic
bird found only in the scrub forests on Mauna Kea. The Palila
depends on mamane for food, shelter, and nest sites (Berger et al.
1977). To the best of our knowledge the species could not survive
without mamane.
Mamane is also a preferred browse species for three introduced
herbivores (Griffin 1976): feral sheep (Ovis aries), feral goats
(Capra hircus), and Mouflon sheep (Ovis musimons). Theseanimals not only eat shoots, leaves, and flowers, but bark as well,
particularly the thin bark of young trees. Such wounds increase the
likelihood of invasion by harmful insects and disease organisms
that could kill trees or reduce their vigor.
Bark stripping by deer is a recognized problem in the forests of
Europe, England, and parts of North America (Chard 1970, Murie
1951, Szczerbinski 1966, Ueckermann 1960). McIntyre (1972),
summarizing the more plausible hypotheses to explain why animals strip bark, included these:
a. Bark is high in lignin, a good source of necessary roughage.
b. Fresh bark, during droughts, can be a source of moisture.
c. Interaction of animal density and habitat quality is such that
as animal density increases or habitat quality decreases,
barkstripping increases.
Any or all of these reasons may apply to bark stripping on Mauna
Kea.
This study was conducted to determine the intensity of bark
stripping of mamane within the Mauna Kea Forest Reserve/ Game
Authors are research forester and wildlife biologist, Pacific Southwest Forest and
Range Experiment Station, USDA, Forest Service. stationed at Honolulu. Hawaii.
Manuscript received September
22, 1981.
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Fig. 1. Locution of the four sompling oreos within rhe Mouno KerrForest
Reserve/Game Monogemenr Area, Island of Hawaii.

Management Area and to describe the diameter class structure of
mamane in areas sampled.

Study Areas
Four study areas (Fig. I) were selected: Puu Laau, Kaluamakani, Hale Pohaku, and Pohakuloa. Browsing pressures differed
among these areas, as did the vegetation.
The Puu Laau area, on the west side of the mountain, has open
stands of pure mamane, ranging from 2 to 12 m (6 to 40 ft) tall. At
lower elevations, the relatively dense ground cover consists primarily of introduced grasses, including Kentucky bluegrass (Poapratensis), Yorkshire fog (Holcus lunarus), and sweet vernal-grass
(Anthoxanthum
odoratum). These species gradually become less
common with increasing elevation, giving way to native grasses,
principally Trisetum glomeratum and Agrostis sandwicense. The
soil is medial over cindery, isomesic, typic vitrandept (Soil Conserv. Serv. 1973, 1975). Permeability is rapid and runoff slow.
Rainfall averages 508 mm (20 inches) per year (State of Hawaii
1970). Daytime temperatures rarely exceed 24’C (75’ F).
In the Kaluamakani area, on the north side of the mountain,
mamane is the only tree species. Grasses are less abundant than at
Puu Laau, and pukiawe bushes (Styphelia tameiameiae) are common in the understory. Climatic and edaphic features are similar to
those at Puu Laau.
The Hale Pohaku area is adjacent to the paved Mauna Kea
summit road on the south side of the mountain. Again, mamane is
the only tree species in the area, and grows to an average canopy
height of about 5 m (15 ft). The understory is composed mostly of
495

bunch grasses such as Danthoniapilosa
and Deschampsia australis, and the shrub, Chenopodium spp. A large part of the area is
cinder land with very little soil development; soil in the rest of the
area is similar to that of the Putt Laau and Kaluamakani areas.
Rainfall is slightly greater than in the above areas-about
760 mm
(30 inches) annually.
The Pohakuloa area is on the south-facing slopes above Pohakuloa State Park. The area is roadless, and access on foot is made
difficult by the dense stands of mamane and naio (Myoporum
sandwicens,e), the steep slopes, and the high altitude. Naio is very
abundant below 2600 m (8500 ft) elevation, but absent at tree line.
Average tree height is about 5 m (I 5 ft). The soils and climate are
the same as those at Puu Laau.
Browsing pressures vary between and within these areas. Within
each area, browsing is generally lightest in the lowest portions and
heaviest in the uppermost portions. Between areas, differences
depend primarily on the number of sheep present. Census and
home range data indicate that 0.20 sheep/ha used the Puu Laau
area in 1975; O.l2/ha, the Kaluamakani area; 0.11 /ha, the Hale
Pohaku area; and O.OS/ha, the Pohakuloa area. Comparable estimates for 1955 placed sheep populations in these areas at 0.08,
0.06, 0.14 and 0.08 animals/ha (data from Hawaii Division of
Forestry and Wildlife, Honolulu).

Methods
Each study area was sampled along five strip transects laid out
along contours separated by 90 meters (300 ft) elevation, with the
first at 2440 m (8000 ft) elevation. Starting points for each set of 5
transects were along a base line perpendicular to the general contour. Transects in the Pohakuloa area were established at 150-m
(500-ft) contour intervals, with the lowest at 2195 m (7200 ft)
elevation. Transects were 6 m (20 ft) wide except in the Pohakuloa
area, where low mamane tree density made a 9-m (30-ft) width
desirable. Transects varied in length, each being only long enough
to include 100 trees. The longest transect was 1140 m (3735 ft); the
shortest, 265 m (870ft). Each transect represented less than 0.2% of
the area being sampled.
Information was recorded for each tree within a transect with a
diameter of at least 1.3 cm (0.5 inch), at 0.3 m (I ft) above the
ground, as follows: stem diameter class, each 2.5 cm (1 inch) wide,
stem form (single or multiple stemmed), number of stems
wounded, relative age of wounds, maximum wound length and
width, maximum height of wound above the ground, and extent of
multiple wounding of individual stems. New wounds were those
that showed no sign of callus formation and were thus assumed to
be less than 1 year old. Callused wounds were classified as old.
Trees with both old and new wounds were recorded as a separate
category. Data were collected during July and August 1975.
The proportion of bark-stripped trees, the proportion of injured
stems with multiple wounds and the diameter of new vs old
wounded trees were the only data subjected to statistical analysis.
To determine if location and elevation interacted to affect stripping, multiway contingency table analysis (Chi square), log-linear
model, was used (Eve&t 1977; Dixon and Brown 1979). Differences in stripping between elevations at each location were examined
using Sokal and Rohlfs (1969) procedure for determining the
equality of two percentages. To compare differences in stripping

Table 1. Proportion1of mrmane treeawitb bark stripping wounds by study
area and elevational transect.
Percent of trees by elevation (m)
Site

2440

2530

2600

2710

Puu Laau
Kaluamakani
Hale Pohaku
Pohakuloa*

53 a
71 a
16 a
55 a

72 a
89 b
12 a
89 b

73 a
92 b
7a
98 bc

92
90
63
96

496

98 b
89 b
21 a
IOOC

‘Within a row, values followed by the same letter do not differ significantly @<O.Ol).
ZElevations at Pohakuloa were 2200, 2350, 2500, 2650, and 2800 m.

Results and Discussion
Bark-strippingWounds
Wounds were generally long and narrow. The average maximum length varied from 18 to 66 cm (7 to 26 in) and the width from
2.5 to 10 cm (1 to 4 in). None of the wounds completely girdled a
stem. In the Kalumakani and Pohakuloa areas, wounds tended to
be larger than those elsewhere. The shape of the wounds and
scarcity of tooth marks on the exposed wood of young trees
suggested that sheep peel off a long strip rather than gnaw it off;
remnants of stripped bark were found hanging from the young
trees. In contrast, on older trees, gnawing was evident and the
wounds were localized within the gnawing area. The maximum
height of the upper end of any wound was 175 cm (69 in) above the
ground. The average maximum height above ground varied from
60 to 105 cm (23 to 40 in).
The location and elevation of the site significantly affected the
amount of bark stripping. But the locationelevation
interaction
was also significant; that is, the effect of elevation on stripping
differed from location to location. At each site, wounded trees
tended to be less common at the lowest elevation than at higher
elevations (Table 1). Hale Pohaku was an exception.
Differences in stripping between sites for each elevation showed

100 -

75 -

25 -

among locations for each elevation, we interpolated percent values
at Pohakuloa for the 2440-, 2530-,2620-and 2710-m transects, and

took into account the variance of the interpolations. This was
necessary because the transects at Pohakuloa were laid out at
elevations different from the other locations. The same procedures
were used to examine the effect of location and elevation on the
proportion of stems with multiple wounds. All hypothesis testing
was done at a significance level less than or equal to 0.01 unless
otherwise stated.
Stem diameter class distributions were constructed for each
transect to assess the effect of browsing on stand structurequalitatively. Each class was 2.5 cm wide.
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b
b
b
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Fig. 2. Comparison of percent wounded mamane trees among sampling
areasfor each elevational transect. Stnppingpercentages for agivenelevation that are followed by the same letter are not significantly different
from each other (pzSO.01).Valuesfor Pohakuloa designated by an ‘x’were
interpolated from the original data.
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that Hale Pohaku contained
significantly
fewer wounded trees
than the other sites (Fig. 2). Differences between Puu Laau and
Kaluamakani
were not significant except at 2620 m (8600 ft)
elevation where fewer wounded trees were found at Puu Laau.
Stripping was consistently
more common in the Pohakuloa area
than elsewhere,
although
the differences
were not always
significant.
Differences in the proportion
of wounded trees between areas
and between elevations within an area can be explained largely by
differences in intensity of browsing pressure as affected by frequency of human disturbance; the more frequent the disturbance,
the lower the browsing pressure and incidence of bark stripping.
Wounding was least common in the Hale Pohaku area, where
the starting points for all 5 transects lay within 0.6 km (0.4 mile) of
the heavily used Mauna Kea summit access road. Daily traffic
along the road, and frequent use of several tributary jeep trails by
hunters and other recreationists,
undoubtedly
limit sheep browsing. The 2710-m (8900-ft) transect lies behind several large cinder
cones, which shield it from daily human disturbance,
and trees
along the transect showed evidence of recent browsing not seen on
the other 4.
In other areas, human disturbance
also appears to be a factor.
The only hunter-access jeep trail circling most of Mauna Kea lies
near the 2440 m transect in the Kaluamakani area. Although traffic
is largely seasonal, and not heavy even then, there is apparently
enough disturbance or hunting pressure to reduce sheep usage. At
Pohakuloa,
State park and military training camp facilities are
located at 1980 m (6500 ft) elevation, below the lowest sample
transect. Both are operated year-round and hikers can easily reach
the 2200-m transect, but dense vegetation after that, forms a barrier. No other roads or trails gave access to either Kaluamakani or
Pohakuloa, and except for an occasional hunter (during a 2-month
season), no one was likely to disturb sheep in the upper forest.
On the rough jeep trails in the Puu Laau area, traffic is moderately heavy, but still less than along the paved summit road at Hale
Pohaku. All 5 transects lay adjacent to the main jeep trail. Human
disturbance
along these access corridor seems to decrease with
elevation.

Fig. 3. Number of manane trees within each 23cm (l-in) diameter classfor
the lower, middle, and upper elevational transects in each sample area.
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Table 2. Proportion of wounded mamane trees’ with a preponderance
multiple-wound stems by study area and elevational transect.

Site

2440

Puu Laau

53 a

Kaluamakani
Hale Pohaku
Pohakuloa*

54 a
25 a
45 a

of

Percent of trees by elevation (m)
2710
2800
2530
2620
51
66
25
53

a
ab
a
a

41
82
43
60

a
bc
a
ab

43 a
93 c
29 a
80 bc

74
93
24
86

b
c
a
c

1Within a row, valuesfollowed by the same letter are not significantlydifferent CpCO.05).
2Elevationsat Pohakuloa were 2200, 2350. 2500, 2650, and 2800 m.
Sheep, which are more abundant here than elsewhere on the
mountain,
normally follow a pattern that helps to explain the
increased wounding with increased elevation. They move downhill
from their bedding grounds above tree-line to their feeding area,
which may be as low as 2300 m elevation. The sheep always pass
through the tree-line zone on their way down, thus causing greatest
damage by virtue of most frequent usage. Use and, hence, damage
declines in progressively lower areas because sheep do not always
move downhill the same distance.
New wounds were found on only 4% of the 2,000 trees examined.
It is not known if this figure changes significantly from year to year.
Within the Puu Laau, Kaluamakani,
and Pohakuloa areas, new
wounds were most common near tree line along the 2800-m (9200ft) transect. The only new wounds observed in the Hale Pohaku
area, were along the 2620-m transect.
Until this study was made, we suspected that stripping was
confined to small diameter trees; that is, < 13 cm (5 inches)-those
that had relatively thin, smooth bark. The study data indicated,
however, that large trees with thick rough bark are also susceptible
to stripping, probably by Mouflon sheep, because they are more
abundant in the areas where we observed such damage. At Kaluamakani, the average diameter class of trees with new wounds
ranged from 25 cm (9.8 in) at 2800 m to 30 cm (11.6 in) at 27 10 m.
Newly wounded trees in the Puu Laau, Hale Pohaku, and lower
Pohakuloa areas had much smaller diameters averaging 2.5 to 10

Number of trees with bark srripprng wounds are shown (shadedportion)
for each diameter class.
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cm. Along the 2800-m transect at Pohakuloa, theaverage diameter
of newly wounded trees was 22.4 cm (8.8 in).
Differences in diameter between trees with new wounds and
trees with old wounds were not significant (r-test, p=O.O5); trees
within each transect were compared.
Many stems had multiple wounds (Table 2). The greatest
amount of multiple wounding occurred near tree line in 3 of the 4
areas. In the Hale Pohaku area, trees along the 2620-m transect
showed the most multiple wounding. Multiple new wounds were
not observed.
Bark stripping occurred in most of the stem diameter classes
sampled (Fig. 3). With larger sample sizes, we believe wounds
would have been encountered on trees of all represented diameter
classes.
Diameter-Class-Index of Survival
The diameter class distributions (Fig. 3) reveal another aspect of
the adverse effect of feral sheep on the forest-suppression
of
mamane regeneration.
We believe that before herbivores were introduced, the mamane
forest was a self-perpetuating uneven-aged forest at all elevations.
The diameter class distribution of such a forest would be maintained over time, at least as long as no major catastrophe occurred.
The shape of the diameter class distribution for the balanced
uneven-aged forest would be a reverse J, with the greatest number
of trees in the smallest diameter classes (Smith 1962). Departures
from the expected would presumably indicate disturbances of one
or more phases of forest development. With these points in mind,
we examined the diameter class distributions for each transect in
our study.
Of the 4 areas, Hale Pohaku best fit the expected diameter
distribution, but even there deviations were evident. The presence
of trees in diameter classes greater than the 15th (38 cm) within the
2440- and 2530-m transects suggested that the stands went through
a period when regeneration was suppressed. More recent suppression was indicated for the 2710- and 2800-m transects, which
contained fewer trees in the 1st class than in the 2nd class. Trees
with diameters greater than I3 cm (5 in) became less common with
increasing elevation, suggesting that the stands are of more recent
origin at higher elevations. However, because the transects varied
in length, the decrease in large diameter trees may be an artifact.
Several deductions can be made from the diameter distributions
for the Puu Laau area. For the 3 lower transects (and to a lesser
extent the 2710-m transect), the 1st and 2nd (2.5- and 5.0-cm)
diameter classes contain fewer trees than one would expect in a
self-maintaining stand. Suppression of mamane reproduction by
sheep is one possible cause for the low numbers. Another factor
probably limiting regeneration is competition with dense standsof
grasses, mostly non-native species.
The distribution for 2800-m at Puu Laau suggests that two
stands are represented. The larger (older) trees are remnants ofthe
forest existing when sheep first began to affect the forest adversely,
perhaps in the middle to late 1800’s. These trees would have been
small in diameter then. Between that time and the 1940’s, sheep
suppressed most of the mamane reproduction. Effective sheep
control beginning in 1937 permitted the new establishment of
mamane regeneration, most of it in the late 1940’s and early 1950’s
when the sheep populations were in the low hundreds. Examination of aerial photographs for 1954, 1965, and 1975 support this
chronology (Scowcroft 1977).
The drawn-out “tails” of the 2440- and 2530-m distributions at
Puu Laau may indicate that there was a period when regeneration
was also suppressed. Game managers familiar with these areas in
the 1930’s and 1940’s state that it was; understory vegetation of any
kind was either nonexistent or so heavily browsed that it gave the
impression of only bare ground. The forest was composed of large
trees and bare ground.
The most important feature of the diameter distributions forthe
Kaluamakani and Pohakuloa areas was the lack or scarcity of trees
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in the lower diameter classes at all but lower elevations. At noted
before, human disturbance in these areas was greatest at the lowest
elevations, resulting in reduced sheep browsing and increased
mamane reproduction. Distributions for the 2440-m transect at
Kaluamakani and the 2530-m transect at Pohakuloa had the general form of a balanced distribution for an uneven-aged stand. At
higher elevations the distributions indicated that sprout and seedling regeneration have been suppressed, completely so near tree
line. Sheep and goats were undoubtedly responsible.
Conclusion
Disruption of forest structure is a likely outcome of introducing
large herbivores into island ecosystems. In continental forests,
native herbivores like deer can also suppress tree regeneration (i.e.,
Marquis 1974). But the outcome of grazing and browsing will
probably be more harmful in island ecosystems where animals
often find favorable habitats and where native plants lack defensive mechanisms (Mueller-Dombois 1981). Where the destructive
activities of large herbivores are augmented by man, i.e., by forest
cutting, vegetation type conversions accompanied by depletion or
extinction of native plant and animal populations may occur. In
the present case, feral sheep and goats suppress mamane regeneration in some areas of the Mauna Kea Forest Reserve, thus altering
the forest structure. Prolonged suppression could further endangering the Palila by reducing the size of the forest.
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Diets of Bison and Cattle on a Seeded Range
in Southern Utah
DIRK VAN VUREN AND MARTIN P. BRAY
Abstract
Diets of bison (Bison bison) mnd cattle (Bos taurus) were evaluated on a southern Utah range seeded to crested wheatgrass (Agro-

pyron desertorum) and alfalfa (Medicago sativa). Bison feces
comprised 96% grasses and sedges, 4% forbs, and 1% shrubs.
Cattle feces comprised 88% grasses and sedges, 4% forbs, and 8%
shrubs. Diets were 91% similar, indicating a high potential for
competition between bison and cattle.
The Henry Mountains of southern Utah have been used as
summer range by cattle (Bos taurus) since the late 1800’s. In 1941,
18 bison (Bison bison) were introduced, and the population was
about 250 in 1980. Summer distribution of bison and cattle overlap
substantially, resulting in competition for forage (Nelson 1965). To
increase carrying capacity for bison and cattle, several thousand
hectares of pinyon pine (Pinus edulis) and juniper (Juniperus spp.)
woodland were cleared in the late 1960’s and seeded to crested
wheatgrass (Agropyron desertorum) and alfalfa (Medicago sativa). Seeded areas currently account for a major portion of forage
consumed by bison and cattle. Proper allocation of forage on
seeded areas requires information on the diets of bison and cattle.
Studies comparing bison and cattle diets are limited to shortgrass
prairie (Peden et al. 1974) and shrub-steppe plant communities
(Van Vuren 1979). Our objective was to evaluate diet composition
and diet overlap of bison and cattle on a seeded area in the Henry
Mountains.
Study Area and Methods
The study area was about 200 ha in size and was located at 2,350
m elevation on the northwest slope of Mount Pennell, Garfield
County, Utah. Precipitation averaged 32 cm per year, and native
vegetation was pinyon-juniper woodland. Vegetation on the study
area, which was cleared of all trees in 1968, was a mixture of seeded
forages and re-established native species. Common grasses and
sedges were crested wheatgrass, squirreltail (Sitanion hystrix),
Indian ricegrass (Oryzopsis hymenoides), and sedges (Carex spp.).
Common forbs were alfalfa and groundsel (Senecio spp.). Pinyon
pine and juniper seedlings were common. Shrubs included bitterbrush (Purshia tridentata), rabbitbrush (Chrysothamnus
spp.),
sagebrush (Artemisia spp.), snakeweed (Gutierrezia sarothrae).
and Gambel oak (Quercus gambelii).
Diets of bison and cattle were estimated by fecal analysis. One
I S-ccsample was collected from each of 34 fresh cattle feces and 35
fresh bison feces on 10 September 1980. Feces were deposited by 24
bison and 15-20 cattle that had grazed exclusively on the study site
for the preceding four days. Fecal samples were analyzed microhistologically. Five microscope slides were prepared from each sample, and plant fragments were identified in 20 microscope fields per
slide. Frequency of occurrence of each species was calculated and
converted to relative density, which is an approximation of dry
Authors are graduate student. Department of Systematicsand Ecology. University
of Kansas, Lawrence 66045, and wildlife biologist, DEH Wildlife Branch. Fort Bragg.
N.C. 28307.
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weight for each species (Sparks and Malechek 1968).
Availability of herbaceous vegetation was estimated by clipping
plants in 30 quadrats (0.75 by 1.50 m) located randomly throughout the study area. Shrubs were not clipped. Plants were separated
by species, air dried for 14 days, and weighed.
Differences in amounts of forages identified in bison and cattle
feces were evaluated with a t-test. Diet overlap was evaluated with
Kulcyznski’s similarity index (Oosting 1956).
Results and Discussion
Feces of bison and cattle contained primarily grasses and sedges

(Table 1). Cattle feces, however, had less grass (X0.05) and more
shrubs (JYO.05) than did bison feces. Oak was common in cattle
feces, but was insignificant in bison feces. Our results are consistent
with other comparisons of bison and cattle diets. Peden et al.
(1974) and Van Vuren (1979) reported that both species consumed
mostly grasses, although cattle diets were more variable and
included more forbs or shrubs than did bison diets.
Fecal content of both species was related generally to forage
availability. Wheatgrass totalled 80% of available herbaceous
vegetation, and comprised 86% of bison feces and 81% of cattle
feces. Alfalfa, the most common forb in the study area, was also the
most important forb in feces of both bison and cattle. Fecal percentages of alfalfa, however, seemed low when compared with availability. The cause may have been differential digestibility of forages,
of forbs in feces (Vavra et al.
resulting in underrepresentation
1978). Also, the study was conducted in late summer, when alfalfa
Table 1. Herbage availability and composition of bin
a seeded area in the Henry Mountains, Utah.
Avai,abi,ity

Forage
Grasses and

and cattle feces on

% relative density of feces

(kg/ ha)

Bison

Cattle

489

86
T’
T

81
T
T

sedges

Agropyron spp.
Bromus spp.
Carex spp.
Oryropsis hymenoides
PO0 spp.
Sitanion hystrixj
Total*

Forbs
Lesquerella spp.
Medicago sativa
Senecio spp.
Total

2
2
13
0
34
540
0
55
II

12

I

2
6
96

I
2
3
88

I

3
T

4

Shrubs’
Artemisia spp.
Quercus gambeliiz
Shepherdia rotundifolia
Symphoricarpos spp.
Total’
‘Trace (<O.S%).
Xkcurred in different percentages (p<O.OS) in bison and cattle feces.
‘Availability of shrubs was not determined.
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plants had been grazed close to the ground; the remaining plant
parts, mostly large stems with few leaves, probably were of relatively low palatability. Groundsel, a common forb, was insignificant in feces of both bison and cattle; plants in the genus Senecio
often are unpalatable or poisonous to livestock (USDA Forest
Service 1937).
We calculated a similarity index of91%, indicatinga highdegree
of overlap between diets of bison and cattle. Competition between
bison and cattle will result on seeded areas in the Henry Mountains
in late summer unless adequate forage is allocated to both species
on the basis of diet similarity and forage availability.
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Effects of Surface Mining on the Vesper
Sparrow in the Northern Great Plains
TIM A. SCHAID,

DANIEL W. URESK, W. LEE TUCKER,

AND RAYMOND

Abstract
A 2-year study was conducted to compare density of vesper
sparrow (Pooecetes gramineus) during the breeding season on
various aged bentonite clay mine spoils and unmined areas in the
Northern Great Plains. The vesper sparrow was one of the most
common breeding species with highest densities in grass-sagebrush
habitat. Reclaimed and unreclaimed mined spoils had lower sparrow densities which were related to loss of sagebrush habitat.
Reserving areas with shrubs between mine spoils, around equip
ment storage areas, and along haul roads may be necessary during
mining and reclamation to attract vesper sparrows in regions
where natural regeneration or transplanting of shrubs is difftcult.

The Northern Great Plains has been subjected to an increasing
amount of surface mining within recent years. One important facet
of planning mining operations is the re-establishment of wildlife
habitat. Quantitative plant ecology-environmental
studies (Copeland 1973) are required for planning effective restoration of wildlife habitat. Although several studies deal with the effects of mining
on birds in the forested regions of the U.S. (Karr 1968, Copeland
and Packer 1972, Terre1 and French 1975, Yahner et al. 1975,
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Whitmore and Hall 1978), little information is available of the
impacts of surface mining on avian species of the Northern Great
Plains.
One common breeding bird in the grass-sagebrush habitat
mined for bentonite clay is the vesper sparrow. This paper compares densities of vesper sparrow in unmined grass-sagebrush habitat with reclaimed and unreclaimed mined areas.
Study

Area

The study area paralleled U.S. Highway 212 and the Belle
Fourche River and extended northwest from Belle Fourche, S.
Dak., to Colony, Wyo. A major mining haul road, approximately
18 km in length, passed through the study area from Belle Fourche
to Colony. The study area contained several areas totaling more
than 224 ha of unmined grass-sagebrush habitat in addition to a
160 ha area of unreclaimed bentonite spoils, and 128 ha of
reclaimed bentonite spoils. The unreclaimed area included numerous bentonite spoils and mine pits up to 40 years old. The pits and
spoils were scattered in what appeared to be an erratic pattern, with
occasional remnants of unmined grass-sagebrush habitat between
the spoils and pits. Many of the pits contained water. The
reclaimed portion of the study area included recontoured and
revegetated pits and spoils. Reclamation was completed 3 to 10
years prior to this study. Six of the larger pits were left as stock
ponds 150 m2 in size. Reclamation consisted of recontouring mine
spoils and revegetating with native grasses (green needlegrass St@
viridula, Agropyron spp.). Crested wheatgrass (Agropyron cristarum) was also planted. No remnants of grass-sagebrush habitat
existed on the reclaimed area. The reclaimed and unreclaimed
areas were bordered by unmined land with a grass-sagebrush
cover.
Soils of the study area are acidic and within a region classified as
a Grummit-shale land association (Johnson 1976). Climate is continental with cold winters and hot summers. Average annual precipitation is 39 cm and snowfall averages 53 cm per year (Johnson
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Table 1. Independent variables used in multiple stepwise forward regression
UrplySiS.
Variable (% = Frequency of occurrence)
% Vegetated area
% Unvegetated area
% Persistent litter
% Litter (persistent + nonpersistent)
% Forbs
% Shrubs
% Warm season grass
% Bromus japonicus
% Hordeum jubarum
TOKoeleria cristata
%

Pm

SPP.

Bouteloua gracilis
% Stipa viridula
ToArtemisio trtdentata
% Atrelex spp.

qo

% Agrowron
SPP.
% Kochia spp.

Mean surface area of water (m*)
Average height of vegetation (cm)
Plant species diversity

1976). From April-July in 1977 precipitation
was 16 cm (National
Oceanic Atmospheric
Administration
1977). In 1978, however, 29
cm of precipitation
was recorded from April-July (National Ocea-

nic Atmospheric Administration
1978).
Vegetation in the study area was characteristic of the mixed
grass prairie association described by Johnson and Nichols (1970).
Big sagebrush (Arternisia tridentata) was the major shrub; saltbush
(Atriplex
spp.), rabbitbrush (Chrysothamnus nauseosus), and
broom snakeweed (Gutierrezia sarothrae) were less common. Predominant native grasses were western wheatgrass (Agropyron smithii), prairie junegrass (Koelaria cristata), buffalograss (Buchloe
dactyloides), and blue grama (Bouteloua gracilis). Bluegrass (Poa
spp.), brome grass (Bromus spp.), green needlegrass, and foxtail
barley (Hordeum jubatum) were widespread through the study area.
Nomenclature is according to Johnson and Nichols (1970).
Methods
Selection of Study Plots

The study area was divided into 3 habitat treatments: (I)
unmined sagebrush-grassland, (2) reclaimed, and (3) unreclaimed
bentonite spoils. A total of 92 (200 X 200m) study plots were
selected among the treatments: 56 study plots were located on the
unmined sagebrush-grasslands;
I6 plots on reclaimed bentonite
spoils, and 20 plots on unreclaimed bentonite spoils. All study
plots were selected by treatment based on similar habitat
characteristics.

Habitat Measurements

Vegetation was sampled in each of the 92 study plots using 5
randomly located 0.04 ha circles (Jamesand Shugart 1970). A steel
rod (Im X 6.3mm) as described by Wiens (1969) was lowered
vertically into the vegetation to determine sample points along 2
perpendicular, north-south and east-west, lines (+) through the
circle. The rod was lowered just off the toe of the observer at each
alternate step. The distance from the ground to where vegetation
contacted
the rod was measured and recorded at each sample
point. The species of vegetation contacting the rod was also
recorded. Each 0.04 ha circle had 20 sample points, IO on each
perpendicular line, for a total of 100 points/plot. The perpendicular lines within the circles were walked from the center outward, 5
points on each side of the center, so the sample points would be
evenly distributed across the circle.
Percent frequency of occurrence (total hits out of 100 possible)
was calculated for all plant species. Frequency was calculated using
vegetation touching the rod (hits) at the highest point. Average
height of vegetation and plant species diversity (Shannon and
Weaver 1963) were calculated using all vegetation hits. The percent
frequency of persistent litter occurrence was also calculated. Persistent litter consisted of dead plant or animal material lasting in
the field longer than I year. Non-persistent litter included such
materials lasting 1 year or less. The surfacearea of water within the
habitat treatments was visually estimated in 1977. An open-site
alidade and plane table (Lind 1974) were used to measure surface
area of water in 1978.
Bird Counts

Birds were counted on each of the 92 plots from 24 May-l 7 July
1977 and 1978 using a transect method described by Emlen ( 197 I).
Transects were 200 X 200m. The center of a transect bisected each
study plot. A mean vesper sparrow density was calculated for each
transect. Counts were made on all transects once a week between
06OC-0900 (MDT), except on rainy or windy days.
Analysis

Orthogonal t-tests (Steel and Torrie 1960) were used to test for
significant statistical differences (p10.01) in bird density between
habitat treatments by year. Mean density of vesper sparrows was
tested for all transects by treatment for the period 24 May- I7 July
1977 and 1978. The order in which the habitat category means were
tested for significant differences was chosen to reflect differences
between mined and unmined categories. Therefore, other combinations of means are possible. Stepwise forward multiple regression analysis (Nie et al. 1975) was used to identify a set of habitat
variables that accounted for a significant (PIO. 10) portion of the
variation in the density of vesper sparrows. A separate analysis was
performed for each of the 3 habitat treatments for 1977 and 1978.
Percent frequency of occurrence for the plants that occurred with
the vesper sparrow on 50% of the plots within a habitat treatment
was used as independent variables (Table 1). The 50% frequency of

Table 2. Vegetstion variables for unmined grasa-sapbrush habitat and bentonite mine spoils measured May zdluly 17,1977 snd 1978, near Colony, Wyo.

Variable

Mined unreclaimed
N = 20’
1978
1977

3 f
% Forbs*
% Shrubs*
3f5
7 f
% Grasses*
14 f
Total vegetated area
Average height of vegetation (cm) 10 f
0.5 f
Plant species diversity

33
10
12
7
0.3

8f6
2f3
5f7
14 f 10
8f3
0.6 f 0.4

Mined reclaimed
N= 16
1978

1977
13 f8
Of0
21 f
34 f
I4 f
0.7 f

10
10
6
0.2

13 f9
Of0
34 f 22
42 f 24
14 f4
0.7 f 0.2

Unmined grass-sagebrush
N= 14
1977

1978

3 f2
6f5
23 f9
32 f8
8 f4
0.8 f 0.2

16 f
5f4
37 f
47 f
I5 f4
0.9 *

IO
18
19
0.4

IN = Number of plots
1% = Frequency of occurrence
‘Mean f standard deviation
‘Total frequency of occurrence of forbs, shrubs, and grass. Columns do not add to total because of variance term between plots.
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occurrence level was chosen to avoid inadvertent
infrequently
occurring plants.

correlations

with

Table

4. Independent

variables

used in forward

multiple

stepwise

re

gression analysis explaining significant variation of vesper sparrow density in unreclaimed

habitat during 1977 and 1978, N=20.

Results and Discussion
Vegetation
The total frequency of occurrence of all species of vegetation was
generally greater in the reclaimed and grass-sagebrush
treatments
than in unreclaimed mined areas (Table 2). Grasses and forbs were
prevalent in grass-sagebrush
habitat and the reclaimed areas but
occurred less frequently in unreclaimed bentonite mine spoils. No
shrubs were found in the reclaimed treatment. Big sagebrush was
common in the grass-sagebrush
habitat but less common in the
unreclaimed
bentonite spoils. Within the unreclaimed treatment,
grass-sagebrush
habitat was occasionally
found between mine
spoils and other areas where soils were apparently undisturbed.
Bird Counts
Density of vesper sparrows was greatest in unmined grasssagebrush and similar in the mined treatments (Table 3). Although
vesper sparrows were occasionally identified by song on reclaimed
bentonite spoils, singing males were not consistently observed in
one region of a plot as they often were in the other treatments.
Several vesper sparrow nests were found while walking bird transects and measuring vegetation in the grass-sagebrush
and unreclaimed spoils. All nests were on the ground under big sagebrush.
Vesper sparrow nests were not observed in the reclaimed spoils.
Table 3. Mean vesper sparrow density/40 ha on grass-sagebrush habitat
and bentonite mine spoils during May 24-July 17.1977 and 1978, near

Colony,

Wyo.

1977
Treatment

N’ xlt

Unreclaimed
Reclaimed
Mine spoils2

20
16
36

Unmined grass-sagebrush

42

‘Number of transects
*Unreclaimed
+ Reclaimed (pooled)
‘***Mean
is significantly different from

SD.

5f6
5fl
5f8
14 f 9***3

1978
N’ ;k S.D.
20

4f7

16
36

3f2
4f5

56 25 f

coefficient

1977
% Artemisia tridentatal
Plant species diversity
1978
% Artemisia tridentata
96 Atriplex spp.
%

Pea

spp.

% Agropyron spp.

Accumulative

R2

0.10
0.95

0.57
0.69

0.27
-0.07
0.09
0.09

0.85
0.87
0.88
0.93

I% = Frequency of occurrence
*Significant

at SO.05

grass was the first variable to enter the regression equation in 1977
and accounted for 40% (N = 16, SO.0 1) of the variation in vesper
sparrow density on reclaimed bentonite spoils (Table 5). Significant variation was not explained in the reclaimed treatment during
1978. Within the grass-sagebrush
treatment, the vesper sparrowsagebrush relationship
was not clear. Surface area of water and
percent frequency of occurrence of forbs, persistent litter, and
shrubs, accounted for 95% of the variation in the density of vesper
sparrows (N = 14, p10.001) in 1977 (Table 6). The frequency of
occurrence of shrubs included big sagebrush and less common
species like broom snakeweed, rabbitbrush, and saltbush. Persistent litter in grass-sagebrush
habitat was predominately
sagebrush
litter. In 1978, the frequency of shrub occurrence did not account
for significant variation in vesper sparrow density within the grasssagebrush treatment.
Table 5. Independent variables used in forward muitipiestepwise regression
analysis explaining significant variation of vesper sparrow density in reduring 1977, N= 16.
claimed habit

14***3

Variable
mine spoils at EO.001

This study clearly shows that the unmined grass-sagebrush
treatment had a greater population of vesper sparrows than the mined
treatments.
The lower vesper sparrow density in mined areas can
be explained in part by the reduction or elimination of big sagebrush as a result of mining and reclamation procedures (Table 2).
Vesper sparrows used sagebrush for nesting cover and singing
perches. In addition, vesper sparrows were often observed perched
on sagebrush feeding on the seeds of bluegrass and prairie junegrass that were protruding
through the sagebrush.
Results of
regression analysis reflected the importance of sagebrush as related
to vesper sparrows. Big sagebrush entered the regression equation
in 1977 and 1978 first and accounted for 57%(N= 20, K0.05)and
85Yo (N = 20, KO.05) of the variation in vesper sparrow density,
respectively, on unreclaimed bentonite mine spoils (Table 4).
The effects of reduced sagebrush on vesper sparrow populations
have been studied by others. Fautin (1975) reported that vesper
sparrows in Wyoming occurred on study plots where some sagebrush was present but were not observed on grass-cactus areas.
Best ( 1972) reported no difference between the numbers of breeding pairs of vesper sparrows on land in Montana sprayed with
2.4-D for sagebrush control and unsprayed land. Unlike the present study, however, sagebrush
in Montana was not physically
removed and still provided cover for nesting sparrows even when
the shrub was dead.
Green needlegrass, which is utilized as food by the vesper sparrow (Best 1972) may partially account for the occurrence of vesper
sparrows in the reclaimed spoils where green needlegrass was used
for revegetation.
Percent frequency of occurrence of green needle502

Regression

Variable

1977
% Stipa viridula’
% Hordeum jubatum
TOKochia sp.
% Bromus japonicw
YOLitter
% Unvegetated area
Plant species diversity
% Agropyron SPP.
Surface area of water (m2)
% Warm season grasses

Reg-ession
coefficient

Accumulative

0.09
-0.79
0.27
0.09
-0.09
-0.04
Xl.85
-0.32
<o.oi*
0.06

0.40
0.46
0.49
0.54

RN*’

0.58
0.66
0.73
0.79
0.84
0.95

1% = Frequency of occurrence
?hrface area of water (m*) = O.OOOO8
J**Values significant at EO.01

Less variance being explained by shrubs in unmined grasssagebrush habitat than mined areas suggests forbs and grasses were
also important. When shrubs were plentiful (i.e., grass-sagebrush),
the importance of shrubs to the vesper sparrows was not as apparent through multiple regression analysis as when shrubs were
sparse (i.e., unreclaimed
spoils). Rotenberry
and Wiens (1980)
suggested that birds do not select habitats based on subtle variation
in vegetation parameters.
Therefore, within the unmined grasssagebrush habitat where shrubs were plentiful, the frequency of
shrub occurrence would not be a good predictor for vesper sparrow
density and would not be expected to account for a significant
proportion
of the variation.
Bent ( 1962) reported that vesper sparrows were found in a grass
habitat with sparse sagebrush. Whitmore and Hall (1978) found
vesper sparrows were common on reclaimed areas in West Virginia
that had open grasslands bordered by forested areas. Rotenberry
JOURNAL

0~

RANGE

MANAGEMENT

36(4), July

1983

Table 6. Independent variables used in forward multiple stepwise rc
gression analysis explaining significant variation of vesper sparrow density in unmined habitat during 1977 and 1978, N = 14.

Variable

Regression
coefficient

Accumulative

O.bOl
-0.525
0.135
-0.590

0.790
0.854
0.894
0.947***

1977
Surface area of water (mz)
% Forbsl
% Persistent litter
% Shrubs

0.302

-0.397

0.873

-0.100

0.886

0.360
-0.071

0.271
0.122
-0.286

area

0.704

0.432

0.901
0.909

0.922
0.930
0.935

0.976**

1%= Frequency of occurrence
***Values significant at P 10.001
**Values significant at p10.01
and Wiens (1980) found vesper sparrows were positivdly correlated

with forb cover (p<O.OOI) on montane sites; however, the authors
did not state if shrubs were nearby. Vesper sparrows also were
positively correlated (pSO.05) with a heterogeneity index forforbs
and shrubs (Rotenberry and Wiens 1980).
Vesper sparrows used sagebrush for nesting cover, singing
perches, and feeding. The large amount of variation in vesper
sparrow density accounted for by sagebrush in unreclaimed mine
spoils indicated the importance of the habitat remaining in mined
areas. However, the natural regeneration of woody plants on
bentonite mine spoils is often sporadic or nonexistent (Bjugstad
1978). The transplanting of shrubs to reclaimed mine spoils in the
Northern Great Plains has beendifficult (Orr 1977, Bjugstad 1979).
Bentonite spoils within the study area were reclaimed without
shrubs because of the landowner’s preference for grazing of livestock. In addition, the cost and poor success of transplanting shrubs
was a major factor.
Where transplanting or natural regeneration of shrubs is difficult, maintaining areas of shrubs along haul roads and around
equipment storage areas during mining activities may be necessary.
Because of the erratic location of strip-pits in bentonite mining, it
may also be possible to reserve patches of shrubs between strip-pits
or mine spoils. This may be the only reasonable approach to
provide habitat for the same birds that are found on unmined
areas. Leaving patches of sagebrush during mining was not tested
within the study area; however, patches of sagebrush remaining in
the old spoils did attract vesper sparrows.

Conclusion
This study indicated that, in addition to recontouring and
reseeding mined grassland-sagebrush
areas with grasses, shrubs
should be present to prevent a substantial reduction in vesper
sparrow density. Vesper sparrows were the most common breeding
bird found in unmined areas.Density of vesper sparrows on areas

mined for bentonite clay was significantly lower than on unmined
grass-sagebrush habitat. The lower density on bentonite spoils was
attributed to the sparsity of shrubs, primarily sagebrush. Elimination of sagebrush during mining and no reclamation for shrubs left
the bentonite spoils virtually without shrub species.
Conditions
in the Northern Great Plains (e.g., soils, climate)
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Efficacy of Zinc Phosphide Broadcast Baiting for Controlling Richardson’s Ground
Squirrels on Rangeland
G.H. MATSCHKE,

M.P. MARSH, AND D.L. OTIS

Abstract
Zinc pbosphide, a potential replacement rodenticide for strychnine or 1080, was field tested on 3 poptdations of Richardson’s
ground squirrel. Populations were estimated pretreatment and
posttreatment by mark-recapture sampling techniques. We broadcasted a 2% zinc phosphide grain bait at 5.1 kg per swath ha. Swath
widths measured 6.1 m, 16.0 m of untreated areas remaining
between swaths. Treated populations decreased an average of 85.1
f SE 6.4%. Differences in pretreatment and posttreatment population decline between treated and control populations were significant (P = 0.096). No mortality was detected among nontarget
animals. The 85.1% efficacy achieved by broadcast baiting
exceeded the minimum standard of 70.0% established by the Environmental Protection Agency for the registration of a rodenticide.
Registration, however, will require nontarget hazard testing and
further efficacy testing in other geographical locations.
Strychnine and sodium monofluoroacetate (1080) are the only
rodenticides currently registered for control of Richardson’s
ground squirrels (Spermophilus richardsonii) and their future
remains uncertain. The registration of either could be cancelled
because of potential environmental hazards to nontarget species.
This potential was determined by the Environmental Protection
Agency (EPA) who, following the amendment of the Federal
Insecticide, Fungicide, and Rodenticide Act (FIFRA) in 1975,
placed both compounds under a Rebuttable Presumption Against
Registration.
To find an alternative to these compounds, we began evaluating
zinc phosphide. Field tests showed that populations of Richardson’s ground squirrels were significantly reduced when we applied
by hand a 2% zinc phosphide grain bait adjacent to each burrow
entrance (Matschke et al. 1978, Matschke et al. 1979). Because
hand baiting at each burrow is labor intensive and expensive
(Wood 1965), an alternative method was needed for control of
ground squirrels on rangeland.
Several studies indicate that broadcast baiting by ground
machinery or aircraft is effective because of the foraging activity of
ground squirrels. Marsh (1968) reported a 90% reduction in California ground squirrels (Spermophilus beecheyi) with a 0.113%
bait applied aerially at 6.7 kg/swath ha. Swath widths measured
less than 13.7 m with up to 79.1 m remaining between swaths.
Hegdal et al. (1978) reported a 71.7% reduction in California
ground squirrel activity (range 34.3-91.0s) when a 0.075% 1080
grain bait was broadcast aerially at 6.7 kg/swath ha. Swath widths
measured 12.2 m with up to 60.9 m remaining between swaths.
Glahn (ND) reduced California ground squirrel populations along
canal banks from 65 to 88% with a 2% zinc phosphide grain bait.
Authors are wildlife biologist, biological aid, and research statistician. respectively,
U.S. Fish and Wildlife Service, Denver Wildlife Research Center, Building 16, Denver
Federal Center, Denver, Colorado 80225.
The authors are indebted to D. Decker and L. lamper, U.S. Fish and Wildlife
Service. and to D. Sanchez and R. Dizon, graduate students, Bowling Green State
University. Ohio, for their technical assistance.
Manuscript received January 2, 1982.
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The grain was broadcast from the rear of a vehicle at 6.7 kg/ ha and
at swath widths of 3.0 to 4.6 m. Record (1978) reported reductions
in Richardson’s ground squirrel populations of from 63 to 97%
when strychnine bait was broadcast at 1.36 to 4.54 kg/swath ha at
intervals of from 0 to 30.5 m between swaths 6.1 m wide.
We designed the present study to determine if broadcasting a 2%
zinc phosphide grain bait with ground-driven machinery would
effectively reduce Richardson’s ground squirrel populations. The
application rate of 6.7 kg/swath ha was adapted from Glahn’s
(ND) research on California ground squirrels. Lacking adequate
movement data, we arbitrarily selected 16.0 m of untreated areas
between swaths. Theoretically, foraging ground squirrels would
move no more than 8.0 m before encountering bait.
Methods
In June 1980, we established 6 test plots in rangeland pastures in
the Shields River Valley (elevation about 1,524 m), Park County,
Mont. Treated plots 1, 2, and 3 each consisted of a l-ha trapping
grid staked at 10-m intervals plus a buffer zone for minimizing
posttreatment reinvasion by ground squirrels. The 237-m buffer
zones of plots 1and 2 increased the total area of each to 33 ha. An
irregularly shaped buffer zone increased plot 3 to only 24 ha. The
northern buffer zone of plot 3, reduced by almost half by diagonal
fencing, measured 226 m from the NW corner and 132 m from the
NE corner of the grid. Livestock were not present on any plot or
buffer.
Six nontarget species were observed on the treated plots or their
buffers: Long-tailed weasels (Mustela frenata) were observed pretreatment and posttreatment on all treated plots. Vesper sparrows
(Pooecetes gramineus) nested in the buffers on plots 1and 3. Sage
grouse (Centrocerus urophasianus) were observed pretreatment in
the buffers of plots 1 and 3. One cottontail rabbit (Sylvilagus spp.)
was observed in the buffer of plot 1. Occasionally pronghorns
(Antilocapra americana) and marsh hawks (Circus cyaneus) were
seen in the buffers of treated plots. Coyotes (Canis latrans) were
observed adjacent to the treated buffers.
We estimated pretreatment and posttreatment ground squirrel
populations on each plot, excluding the buffer zones, by using a
mark-recapture technique of Otis et al. (1978). We chose to estimate population size with the jackknife estimator, corresponding
to their model M,,, because previous extensive analysis of similar
ground squirrel trapping data revealed this model to be most
appropriate (Matschke et al. 1978). Population estimates were
obtained with the computer program entitled CAPTURE (White
et al. 1978).
Before the pretreatment and posttreatment trapping periods, we
baited traps with wheat and wired them open, allowing the squirrels a 2-day familiarization period. We then trapped for 5 days each
pretreatment and posttreatment with 7 days between trapping
periods. Squirrels were tagged (Monel #I fingerling) in each ear
and marked with shoe polish to prevent duplicate handling on any
one day. Age (juvenile or adult) and sex were recorded before
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squirrels were released. Traps were checked each morning and
ACTUAL NUMBER OF SQUIRRELS CAUGHT
evening and closed at midday to prevent squirrel mortality resulting from heat. We then estimated population reduction for each
200
treated plot by the following formula:
PRE / PbT
TREATMENT
Pretreatment population -Posttreatment population
% Population
estimate
estimate
x 100
reduction =
Pretreatment population estimate
TREATED
150
With marked survivors retrapped after treatment, we derived a
1980 PO I! ULATION
second population reduction estimate using Tanaka’s (1976)
ESTIMATE
formula:
Number marked pretreatment and
NlO(l
% Population , _
captured posttreatment
reduction =
x 100 U
Number marked pretreatment (I-( 1-p)‘)
M
where p estimates the average probability of capturing an animal
B 50
on one oft pretreatment trapping occasions. Program CAPTURE
E
also provides an estimate of this parameter.
R
An analysis of variance involving a two-way layout with
u
PLOT
=
repeated measures tested treatment by time interaction, i.e.,
0
a
3
2
whether changes in pretreatment and posttreatment population
;2oc
sizes on treated plots were related to treatment rather than to
natural changes in population levels during the course of the
Q
experiment.
U
Steam-rolled oats from the U.S. Fish and Wildlife Service’s
CONTROL
11%
Pocatello Supply Depot were used for both prebait and the toxiR
cant carrier. Ingredients added to the oats for baiting treated plots
R
were: 94% technical zinc phosphide (2.0% by weight); Monastral
green-B (0.2% by weight), a bird repellent (Pank 1976); and
ElOC
Alcolec-S (1.0% by weight), an adhesive. A placebo bait for the
L
untreated plots was prepared with the same concentrations and
S
ingredients except that zinc phosphide was excluded.
5C
After the pretreatment trapping period, we randomly assigned
each plot as either treated or untreated. To insure uniformapplication, we established 6.1-m swaths, with 27 baiting swaths on each
treated plot (including buffer zones) and 5 on each nontreated plot.
C
The center line of each baiting swath was marked with flags. Lines
were 22.1 m apart, leaving 16.0 m of untreated area between
Fig. 1. Squirrels captured andpopulation estimateson treatedandcontrol
swaths.
plots before and after broadcast application of zinc phosphide during
We attached a cyclone seeder (Model M3B4OOR, The Cyclone
July 1980. The solid or brokenportion of the bar indicates the number of
Seeder Co., Inc., Urbana, Indiana)’ to the rear of a Cwheel drive
different ground squirrels captured. The total bar including the openporpickup truck. It was calibrated to dispense grain in 6. l-m swaths at
tion provides a population estimate.
6.7 kg per swath ha or approximately 22 seeds 1.0 m2. However,
both adult and juvenile ground squirrels (Fig. 1). On untreated
our actual application rate was 5. I kg. instead of the expected 6.7
kg of bait per swath ha. This reduction was caused by the followplots no significant difference (paired t = 0.82, d.f. = 2,~ = 0.49)
ing: (I) seeds became packed in the hopper when driven over rough
occurred between pretreatment and posttreatment population levground and (2) the adhesive used to bind the zinc phosphide on the
els. Therefore, we did not adjust estimates of reduction on treated
plots for changes in population size on untreated plots. The 2% zinc
oats also lightly bound adjacent oats. We suspected the problem
when baiting the first plot. Rather than change application rate in
phosphide treatment reduced the estimated pretreatment population by an average of 85.1 f SE 6.4%. Estimated reductions on
the middle of the study, we made no further adjustments to the
seeder.
plots 1, 2, and 3 were 73.0, 94.9, and 87.3%, respectively. The test
We prebaited the 6 study plots, including buffer zones of the
for treatment by time interaction (Fr2 = 4.70, P = 0.096) provided
treated plots, by broadcasting steam-rolled oats. One treated plot
evidence that changes on treated plots differed from those on
and its buffer and one untreated plot were prebaited during I day.
untreated plots (Fig. 1). Even with small numbers of replications,
Two days after prebaiting we applied zinc phosphide-treated
we believe this test provides evidence that the treatment signifibait on the treated plots and their buffers and placebo bait on
cantly reduced populations.
untreated plots. Baiting began in mid-morning, after dew evapoOnly 16 (7.3%) ground squirrels marked pretreatment were
rated, and continued until one treated plot and its buffer and one
retrapped posttreatment: 1 I, 0, and 5 on treated plots I, 2, and 3,
untreated plot were treated for that day. Treatment day was consirespectively. With these data incorporated into Tanaka’s formula,
dered day 0.
we obtained a mean population reduction of 89.0 f SE 6.7%. This
On day 1 posttreatment, a systematic search for carcasses began
figure was not significantly different from the first estimate of
on the 6 plots and adjacent areas and continued through day4. We
85.1% (X = 0.19, d.f. = 1, P = 0.5). On the 3 control plots we
collected, froze, and later analyzed stomach samples of ground
retrapped 273 (7 1.0%) marked squirrels posttreatment.
squirrels and all nontarget animals found dead. The Section of
A significant (xz = 5.5, d.f. = I, KO.02) sex ratio shift occurred
Supporting Sciences, Denver Wildlife Research Center, analyzed
posttreatment
on the 3 treated plots. The ma1e:female ratio
the carcasses following the procedure described by Okuno et al.
(males: 100 females) increased from 64: 100 pretreatment to 189: 100
(1975).
posttreatment. On the 3 untreated plots, no significant difference
(P = 0.84) occurred in the sex ratio before and after, 73: 100 and
Results
78:100, respectively, on the 3 untreated plots. The sex ratios
between the treated (64: 100) and untreated plots (73: 100) were not
pretreatment and posttreatment population estimates included
significant (P = 0.52) before treatment.

B
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The 14 ground squirrels found dead posttreatment on the 3
treated plots or their buffers were saved for residue analysis. All
were positive for zinc phosphide. Zinc phosphide remaining in the
stomach averaged 124. I ppm, ranging from 0.12-599 ppm. These
figures compare with less than 0.04 ppm in the stomachs of the 3
squirrels we collected outside the test plots immediately after the
posttreatment trapping period.
No nontarget animals were found dead after a 22.3-hour posttreatment search on the 3 treated plots and their buffers.

Discussion
We believe that 85.1% population decrease accurately reflects
the fate of ground squirrel populations following broadcast baiting
of a 2% zinc phosphide bait. Posttreatment reinvasion raises the
posttreatment population estimate and consequently reduces the
percent population reduction. Reinvasion in this study was
reduced by (1) an increased buffer width of 237 m and (2) scarcity
of juvenile squirrels, which normally make up the bulk of the
population after June. Tanaka’s estimate of 89.1 f 6.4% population reduction also supports the population decline. Basically Tanaka’s formula uses only marked squirrels that are recaptured
posttreatment.
Therefore, population reduction estimates are
unaffected by unmarked invaders.
Two differences between this study and our 3 previous handbaiting studies were evident (Matschke et al. 1978, Matschke et al.
1979). First, it was difficult to locate the broadcasted treated grain
3-4 days posttreatment, whereas after handbaiting, much treated
grain remained at inactive burrows. A second difference was that
only 9 marked squirrels (4.1% of the marked squirrels on the
treated plots) died above ground compared with 34 (16.4%), 447
(32.l%), and 162 (37.9%) dying above ground in our 3 previous
studies. Timing of application may influence above-ground mortality. In the present study we postponed baiting until midmorning. We hypothesize that delayed baiting and activity on the
plot probably interrupted the squirrels’ morning feeding period
and prevented them from consuming a lethal dose until the afternoon feeding period. After feeding they returned to their burrows
for the evening and died underground. Our data for above-ground
mortality after hand-baiting suggest that more carcasses arefound
above ground when the bait is applied early in the morning, The
number of carcasses above ground declined when bait was applied
in late morning or early afternoon.
Determining optimum buffer strip width is a major problem in
evaluating efficacy of rodenticides in Richardson’s ground squirrel
populations. Small buffer strips of 30.5,61.0, and 85.4 m have not
prevented the movement of unmarked squirrels onto the treated
plots during the posttreatment trapping periods (Matschke et al.
1978, Matschke et al. 1979). This phenomenon increased population estimates which in turn reduced efficacy estimates. One current buffer width of 235 m appears adequate, since only 10
unmarked squirrels were captured posttreatment on treated plots.
But population pressure may not have been sufficient to adequately test the 237-m buffer zone. The squirrel population normally contains a higher percentage of juvenile squirrels after June,
as in 1979 when they accounted for 68% of the trapped population
(Matschke et al. 1979). In 1980, however, in the same general area
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and habitat, we trapped only 36% juveniles.
No mortality occurred among nontarget animals. This indicates
that broadcast baiting does not affect nontarget species or small

numbers of nontarget species may have died and their carcasses
were overlooked or removed by scavengers. Also, mortality may
have occurred outside the boundaries of the searched areas. To
measure the primary and secondary poisoning potential to nontarget species, radio transmitters could be used for tracking pretreatment and posttreatment movement of nontarget species.
Because the 85.1% efficacy exceeded the minimum standard of
70.0% es,tablished by the EPA for registering a rodenticide, we
believe that broad&f!&‘a
2% zinc phosphide grain bait has
management potential. Securing an EPA registration label for
broadcast baiting would require efficacy testing in other geographical locations within the range of the Richardson’s ground squirrel. Other testing to determine whether efficacy could be increased
by manipulation of application rates, swath widths, and swath
spacing is also desirable. Also a comprehensive nontarget hazard
test would determine the primary poisoning hazards to seed-eating
birds. Data on general environmental chemistry and on hazards to
humans and domestic animals have been previously supplied to
EPA to support 2 of our other zinc phosphide registration labels.
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Changes in Understory Production Following a Wildfire in Southwestern Ponderosa
Pine
BRIAN P. OSWALD AND W. WALLACE COVINGTON

Abstract
An area burned by a May, 1972, wildfire and which had been
previously sampled in 1972 and 1974 was remeasured in 1980 to
determine changes in under-story production. The area was stratified into moderately and severely burned areas. By 1974 both
herbage and forage production on the moderately burned area
were approximately 3 times higher than unburned control sites and
did not decline significantly by 1980. While increased herbage
production on the severely burned site was similar to that of the
moderately burned site in 1974, it declined to only half as much
production by 1980. Furthermore, while over 95% of the total
herbage production was in forage species for all 3 sampling years
on the moderately burned study area, only 30 percent was forage
on the severely burned study area by 1980. The decline in total
production and shift to non-forage species on the severely burned
study area is probably a consequence of heavy grazing which
followed the bum.
Since settlement in the late 1800’s forage production in southwestern ponderosa pine (Pinus ponderosul) has steadily declined.
Early explorers recorded the area as open and park-like with large,
widely spaced trees and an abundant understory of grasses and
forbs (Cooper 1960). Today, increased tree density and heavy
forest floor accumulations, brought about by fire exclusion, have
greatly decreased herbaceous production (Cooper 1961a, Clary et
al. 1966, and others). The heavy fuel loadings have resulted in an
exponential increase in the size and severity of wildfires in southwestern ponderosa pine (Barrows*). Several studies suggest
changes in production, forage quality, and species composition in
understory vegetation for the first few years following wildfires.
However, only one has examined long term wildfire effects on the
understory.
Pearson et al. ( 1972) studied the effects of wildfire on ponderosa
pine understory vegetation on basalt soils in northern Arizona:
The burned area was divided into moderately burned and severely
burned areas. Vegetation production on the thinned, moderately
burned area increased from 729 kilograms per hectare to 861
kilograms per hectare the first year after the fire. Production on the
unthinned, severely burned area increased from 59 kilograms per
hectare the first year to 1146 kilograms per hectare the next year. A
similar study by Beaulieu (1975) and Fitzhugh and Beaulieu-’
examined wildfire effects on ponderosa pine understory on limestone soils in northern Arizona. As in the study by Pearson et al.
(1972), the area burned by the 1972 Rattle Burn wildfire was
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divided into moderately and severely burned areas. Production
increased almost threefold 2 years after the wildfire on both areas.
Beaulieu (1975) found herbage production higher on the burned
areas than on the unburned areas 3 years after the same wildfire.
The only long-term study of understory response to wildfire in
southwestern ponderosa pine is that of Lowe et al. (1978), who
measured understory basal area for areas with basalt-derived soil
which had burned 1,3,7, and 20 years prior to their sampling. They
found that forbs increased rapidly to a maximum at year 3 followed by a rapid decline by year 7 to control levels. Grasses
declined the first year, but increased to a maximum by year 7. By
year 20 grasses had declined somewhat but were still over twice the
control. No long-term studies of wildfire effects on understory for
sedimentary sites are available.
The objective of our study was to determine the extent of
changes in understory vegetation production 7 years after the
Rattle Burn wildfire. The approach was to remeasure the permanent plots used in the Beaulieu (1975) and Fitzhugh and Beaulieu
(unpublished) studies and to compare our data with data from
1972 and 1974.
Study Area
The Rattle Burn fire started on May 7,1972, and burned 286 ha
before containment. The burned area is 30 km southwest of Flagstaff, Coconino County, Ariz. The burn is within the Coconino
National Forest, Sections 15, 16, 20, 21, 27, and 28, Tl9N, RSE,
Gila and Salt River Base Meridian. The burn was separated into 2
areas: a severely burned portion, where a high intensity ground and
crown fire consumed most of the soil organic matter and plant life,
and moderately burned portion, where a ground fire killed most
understory vegetation and some sapling size ponderosa pine.
A severely burned sample area (8.1 ha) and a moderately burned
sample area (4.0 ha) were established in 1972 within the burned
areas. An unburned South Control area (17.7 ha) was established
southwest of the burn at the same time. In 1974, Fitzhugh and
Beaulieu (unpublished) established a North Control area northeast
of the burn.
Eighty percent of the burn area has a rolling plateau surface with
a relief of 25 m or less. Slopes range from 0 to 20%, and the
elevation of the area ranges from 1900 to 2060 m. Soils are predominantly sandy loams in the Soldier, Hoggs, and McVickers series
over Kaibab limestone and Coconino sandstone bedrock (Beaulieu
1975).
The average daily temperature of the Rattle Burn area is approximately 6OC. The area receives approximately 49 cm of precipitation annually, most in the form of winter snow.
The overstory vegetation is predominantly ponderosa pine
(Pinus ponderos?) with scattered white fir (Abies concolor),
Douglas-fir (Pseudotsuga menziesii), Gambel oak (Quercus gambelii), and alligator juniper (Juniperus deppeana). Understory
vegetation included species of Bromus. Carex, Agropyron, Poa,
Senecio, Solidago, Muhlenbergia, Lathyrus, as well as Pteridiun

aquilinum,

Gutierrezia sarothrae,

Vicia americana, Lupinus hillii,

and a variety of other grasses and herbaceous plants.
Two years before the fire, the area was logged. Average harvest
was 6750 board feet per hectare. Skid trails were seeded at a rate of
6.7 kilograms per hectare with sheep fescue (Festuca ovina),
orchard grass (Dactylis glomerata), smooth brome (Bromus inermis), timothy (Phleumpratense),
and burnet (Sanguisorba annua,
and S. minor) (Fitzhugh and Beaulieu, unpublished). The seeded
species did not become a significant portion of the vegetal community (Beaulieu 1975).
A reduction in overstory was one effect of the wildfire. The basal
area of the moderate burn changed from 30.5 m*/ ha before the fire
to 23.6 rnz/ ha after the fire. The severely burned area changed from
29.6 m*/ ha to 9.2 m*/ ha for the same period. No significant change
has occurred in the overstory since the fire. A post-fire salvage
harvest removed 1,850,OOOboard feet in the summer of 1972.
During the summer of 1973, an area that included the southern
control area was thinned. Cleanup operations with heavy equipment in the burned area continued during the summer of 1973,
causing the disturbance of soil and some vegetation plots.
The area used as the South Control in 1972 and 1974 was
prescribed burned in the spring of 1977. This necessitated the use of
the North Control as the only control area in 1980.
The Rattle Burn area includes parts of 2 Forest Service grazing
allotments and has been grazed for the past several decades.
Methods

presented in Table 1. The analysis of variance showed highly
significant w.05)
differences in production due to severity of
burn and the passage of time.
Annual precipitation variations complicate the interpretation of
these data. Precipitation in the Flagstaff area for 1980 was almost
50% above the historical average. A preliminary study by Ffolliott
and Clary (1974) suggests linear increases in understory production with increasing precipitation. Although production on the
North Control study area was not significantly higher in 1970 than
1974, the apparent increase is suggestive of higher production in
1980.
Table 1. Mean herbage production (kg/ha) of each study area in 1972,
1974, and 1980, Rattle Bum. Means followed by the same letter are not
significantly different.

1972
1974
1980

Moderately
burned

Treatment
Severely
burned
Control2

157”
672”s
6828Y

201’
668s’Y
34 lb.’

208”
275b+

“,%ignificant

(~K.05)

differences

between

‘,YSignificant

@&OS)

differences

over passage of time (columns).

1Production

figures,

especially

severity

in 1980. greatly

ZStudy

area was prescribed

burned

‘Study

area plots were not established

of burn

affected

Control)
I 39b*”
29sb.”

(rows).

by heavy grazing

of area.

in 1977.
until

1974.

In 1972,30 timber inventory plots (.04 hectares) were established
in each of the designated severe, moderate, and control sample
Production on the moderately burned study area was signifiareas. These plots were located along transects systematically
cantly higher in 1974 and 1980 than in 1972, but no significant
spaced perpendicular to the long axis of the sample area. A referi changes occurred between 1974 and 1980. The production on the
ence point in the center of each plot was marked with a steel stake
moderately burned study area was also significantly greater than
1.3 m long. The same system was used when the second control
the control in 1974 or 1980. The herbage production on the moderarea was established in 1974 northeast of the burn.
ately burned study area appears to be leveling off, and might be
Four vegetation plots were established on 2 perpendicular lines
close to, or may have attained, maximum production for the study
intersecting each reference point. Each plot (0.89 m*) was 7.1 m
area for the existing overstory density.
from the reference point.
Although production was not significantly different between the
The use of vegetation plots established by the Fitzhugh and
moderately and severely burned study areas in 1974, the producBeaulieu (unpublished) and Beaulieu (1975) studies allowed direct
tion on the severe burn was significantly lower than the moderate
comparison and analysis of the data from each plot of the 3
burn by 1980.
measurements. Because some plots had been damaged by road
While forage species accounted for over 95Yeof the total herbage
development or slash piles in 1973, only 25 plots from each sample
production on the moderate burn for all 3 years of sampling, forage
area were used in the analysis.
production on the severe burn was only 63% of total herbage
On two of the vegetation plots around each timber inventory
production in 1974 and slightly over 30% in 1972 and 1980 (Table
plot, the number of stems of each species was counted and
2). The preponderance of two non-forage species, bracken (Pterirecorded. For grasses, the entire bunch was treated as one stem:
dium aquilinum) and snakeweed {Gutierrezia sarothrae), on the
In the previous studies, harvesting was excluded from the perseverely burned study area explains most of this difference.
manent plots. In this study, all vegetation in the two plots used for
As in all studies of fire effects on understory vegetation, caution
stem count was hand-clipped in late July and early August, premust be exercised in attributing changes to direct effects of burnserving 2 vegetation plots for future analysis. All vegetation was
ing. Although burning affects plants directly through mortality
clipped at ground level and separated by species. The clipped
and injury, understory vegetation on burned areas is also altered
material was oven dried at 105”C for 24 hours under forced air and
by greater grazing and browsing pressure caused by fire-induced
weighed to the nearest .Ol g. Data from the 2 vegetation plots per
enhancement’ in nutritional value of both forage and browse
reference point were combined and averaged.
(Handley 1969). Such increases in nutritional value following
Total herbage production by species was calculated for each of
burning in southwestern ponderosa pine have been demonstrated
the 25 reference points per area. These data were compared by
by Pearson et al. (1972); increases in elk use on burned areas over
analysis of variance with the data collected by Beaulieu (1975) in
nearby unburned areas has been documented by Lowe et al. (1978).
1972 and Fitzhugh and Beaulieu in 1974. This analysis determined
In fact, elk use peaked at year 7 in the Lowe et al. study. Since our
the variation as a result of the passage of time and the severity of
the burn. The analysis was designed to show if significant differences resulted from passage of time, burn severity, or their interacTable 2. Mean production (kg/ha) on the moderately burned and severely
burned areas, 1972, 1974, and 1980, Rattle Bum.
tion. Differences between treatment means were tested at .05
confidence level by the Student-Newman-Keuls
multiple range
test. The mean herbage and forage weights from each sample area
Moderately burned
Severely burned
for the 3 years we compared to determine the time-related changes
Herbage
Forage
Herbage
Forage
in herbage and forage production.
1972
157
154
201
62
Results and Discussion
1974
672
651
668
424
1980
682
653
341
107
The mean herbage production for each study area in each year is
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measurements were taken during the ninth growing season after
burning and our area is utilized not only by elk but also cattle and
deer, the impact of grazing and browsing pressure on the understory of our burned areas could be substantial.
Conclusions
Striking understory changes have occurred in the 9 growing
seasons since the Rattle Burn. There has been a significant decline
in herbage production on the severely burned study area since
1974, with a striking decline in forage production. This phenomenon was caused by increases in snakeweed and bracken on the
severely burned site, apparently related in part to heavy grazing.
Thus, caution must be used in interpreting production changes
following burning where grazing is important.
Production on the moderately burned study area did not decline
in either herbage or forage production during the same period.
Production of both forage and herbage has remained approximately 4 times the first post-burn season’s production. However,
given the wide variation in ponderosa
pine understory response
reported in the literature, any attempt to generalize about wildfire

effects on herbage or forage production
wildfire conditions is ill-advised.

for other areas and other
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Vegetational Responses Following Control
of Sand Shinnery Oak with Tebuthiuron
.

P.W. JACOBY, J.E. SLOSSER, AND C.H. MEADORS

Abstract
Tebutbiuron {N-[5-(1,1-dimethylethyl)-l,3,4-thia-dinzol-2-yl]N,N’-dimethyluren) pellets were applied aerially in April 1979 at
rates of 0.5 and 1.0 kg ai./ha to rangelands supporting a uniform
stand of sand shhmery oak (Quercus havardii Rydb.) near
Andrews, Texas. Tebuthiuron pellets were applied at 1.1 kg al/ha
to a second location near Jayton, Texas, in March 1980. Sand
shinnery oak was significantly reduced (p_y).OS) in treated plots at
both locations. Yields of annual and perennial grasses were significantly greater (m.05)
and those of forbs significantly less
(pIO.05) on tebutbiuron-treated plots at Andrews. Untreated
plots at Andrews had more bare soil than those treated with
tebuthiuron after 18 and 30 months. Grass yields at the Jayton site
were greater, although no significant (sO.05)
differences
occurred with forb yields.
Sand shinnery oak is a low growing deciduous shrub occupying
sandy soils in western Texas, western Oklahoma, and eastern New
Mexico (Pettit 1977, Scifres 1980). Rangelandsdominated
by sand
shinnery oak usually produce very little forage of high quality for
livestock. Aerial spraying of sand shinnery oak with either silvex
[2-(2,4,5-trichlorophenoxy)propionic
acid] or 2,4,5-T [(2,4,5-t&
chlorophenoxy) acetic acid] temporarily increases forage production, but fails to provide long-term control unless treatments are
repeated annually for 2 or 3 consecutive years (Robinson and
Fisher 1968).
In contrast to foliar active herbicides, single applications of
pelleted herbicides such as fenuron (I,ldimethyl-3-phenylurea),
picloram (4-amino-3,5,6-trichloropicolinic
acid) and tebuthiuron
have shown promise for effectively controlling oaks (Darrow and
McCully 1959, Pettit 1979, Scifres et al. 1981a). Picloram and
tebuthiuron pellets (10% ai) applied at 2.2 and I. 1 kg ai/ ha, respectively controlled most of the sand shinnery oak in a study on the
southern High Plains of Texas, and increased grass yields 3 to 9
times that of untreated mngeland for 2 years following treatment
(Pettit 1979). Tebuthiuron was highly effective at rates of 2.2 and
4.4 kg/ha for control of post oak (Quercus stellata Wangenh.)and
blackjack oak CQ. marilandica Muenchh.) in east-central Texas,
and significant increases in grass production were observed for 3
years after treatment (Scifres et al. 198la, Scifres et al. 198lb).
The objective of this study was to compare differences in herbage
yield and floristic composition in two sand shinnery oak sites in
western Texas following treatment with tebuthiuron.
Materials

and Methods

Andrew-s Studv Site.
The study a;ea, located 35 km west of Andrews, Texas, lies on
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deep, fine sands of the Jalmar (Arenic Ustalfic Haplargids) and the
Penwell soil series (Ustic Torripsamments). Average annual rainfall is 35 cm and occurs mainly from April through October
(Conner et al. 1974). Topography was gently rolling sandhills
dominated by a nearly uniform stand of sand shinnery oak. Major
grasses at the time of treatment were sand dropseed [Sporobofus
cryptandrus (Torr.) Gray], giant dropseed (Sporobolus giganteus
Nash), Wright threeawn (Aristida wrightii Nash) and common
sandburl (Cenchrus incertus M.A. Curtis). Although numerous
warm-season annual grasses and forbs may appear during favorable rainfall years, they were not present at the time of treatment.
On March 9, 1979, tebuthiuron pellets (20% ai) were aerially
applied to plots (5 ha each) at rates of 0, 0.5 and 1.0 kg/ha.
Experimental design was a randomized complete block with 2
replications. Plots were evaluated on October 2, 1980, and on
October 5, 1981, I8 and 30 months after treatment, respectively.
Estimates of herbage yield were determined by clipping standing
biomass in 9 quadrats (1 m* each) per plot. Grasses were clipped by
species at ground level, oven dried at 600 C and weighed. Forbs
were harvested as a composite sample.
Mortality of sand shinnery oak was estimated by examining
approximately 100 plants per plot. Defoliated plants which had
not resprouted were considered dead. Standing dead plants were
clearly evident for the duration of the study, allowing for accurate
comparisons among treatments.
Comparisons of the botanical composition of herbaceous stands
were based on frequency data collected along three lines (30.5 m
long) at 0.3-m intervals by recording the plant species rooted
closest to a vertical rod. When no species was rooted within a
15-cm radius of the point, bare ground was recorded for that point
(mulch was disregarded). Data were subjected to analysis of variance and means were separated by Duncan’s multiple range test
(K.05).
Jayton Study Site
The study area was located about IO km northwest of Jayton,
Texas, which is about 225 km northeast of the Andrews study site.
Rainfall averages 52 cm annually. The site was on gently undulating topography supporting a uniform stand of sand shinnery oak
with occasional motts of hybrid oaks, about 3 m in height. Soils
were fine sands of the Brownfield (Arenic Aridic Paleustalfs) and
Nobscot (Arenic Haplustalfs) series (Richardson and Girdner
1973).
Tebuthiuron pellets (20% ai) were applied at 1.1 kg/ ha to 3 plots
(0.25 ha each) on March 14, 1980, with hand operated spreaders.
Plots were evaluated on November 1 I, 1980, and on November 3,
1981, 8 and 20 months following treatment, respectively, and
herbage yield and species frequency data weredetermined utilizing
the same methods employed at Andrews. Species composition was
similar to that at Andrews, except the oak density was greater at
Jayton and more little bluestem [Schizachyrium
scoparium
(Michx.) Nash], soapweed yucca (Yucca gbzuca Nutt.) and sand
sagebrush (Artemisiajilifolia
Torr.) were present. Means from the
three treated and three untreated plots were compared with t- tests
‘This species is a weak perennial according to Gould (1975) and was inch&d
perennial grass in our data, despite its annual grass characteristics.
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Table 1. Composition of vegetational components and bare soil (%Ifrequency)nt 18 and 30 months after application of tebuthiuron pellets near Andrews,
Texas in March 19791.

Tebuthiuron rate
(kg/ ha)

Bare soil

Annual grasses

0
0.5
I.0

41 a
26 b
25 b

6b
21 a
22 a

0
0.5
1.0

28 a
I5 b
I5 b

I9 c
32 b
45 a

Forbs

Sand Shinnery oak

31 b
40 ab
45 a

7a
9a
8a

15 a
4b
Ob

months35 b
45 a
38 ab

2a
2a
la

I6 a
6b
oc

Perennial grasses
- 18 months-

-30

IWithin each

sampling period means within a column

not followed by the same letter are significantly different

(E.05). Percentage data were transformed (inverse sine) prior to
analysis.
Plant composition and standing crop data from the last evaluation were given precedence in the following discussion because
grass increase and shinnery reduction were visually evident in
treated plots on this date. Livestock grazing was excluded from
both study areas and influence by wild herbivores was negligible.
Results and Discussion
Andrews Study Site
Mortality of sand shinnery oak based on plant counts was
estimated to be 42 and 949& for the 0.5 and 1.0 kg/ ha rates of
tebuthiuron, respectively, at 18 months post-treatment. Based on
composition data shown in Table I, reductions of 73 and 100%
were obtained by the 0.5 and 1.O kg/ ha rates, respectively. By the
30-month post-treatment evaluation, mortality based on plant
counts was estimated to be 86 and 94% for the 0.5 and 1.O kg/ ha
rates, respectively, while line transects indicated 62 and 100% for
the two rates, respectively.
There was a significantly higher frequency of vegetation in
tebuthiuron-treated
plots than in untreated plots at I8 months
after herbicide application (Table 1). Annual grasses, such as
purple sandgrass [ Triplusis purpureu (Walt.) Chapm.] and false
buffalograss [Munroa squurrosu (Nutt.) Torr.], composed a larger
part of the community on plots treated with tebuthiuron at 0.5 and
I .O kg/ ha than on the untreated plots. Significantly more perennial
grasses were recorded where 1.O kg/ ha of tebuthiuron was applied
than in the untreated plot, while their occurrence in the 0.5 kg/ ha
treatment was intermediate and not significantly different from the
control. Treated plots contained more perennial grasses, including
thin paspalum (Paspalum setaceum Michx.), sand dropseed, giant
dropseed and more sandbur than untreated plots. Forbs were
present in about the same amounts in all plots, but live sand
shinnery oak was reduced 73 and 100% in plots treated with the 0.5
and I .O kg/ ha rates of tebuthiuron respectively, compared to the
untreated plots.
Untreated plots contained almost twice as much bare ground as
did plots treated with tebuthiuron when evaluated 30 months after
treatment. Annual grasses, especially purple sandgtass, were significantly more abundant on plots treated with tebuthiuron than
on untreated plots. Perennial grasses comprised significantly more
of the composition on the plots treated with tebuthiuron at the 0.5
kg/ ha rate than on the untreated plots, but the amounts on the
plots treated at 1.0 kg/ha were not significantly different from
those on untreated plots. Sand witchgrass [Leptoloma cognatum
var. arenicola (Swallen) Gould] and common sandbur were the
most frequent grasses in all treatments. Composition of forbs was
similar among treatments, but live sand shinnery oak was significantly lower in tebuthiuron-treated
than in untreated plots.
Composition within classes of plants followed similar trends
during both sampling periods. The area supported a higher frequency of vegetation at the 30 month post-treatment evaluation
date than at the earlier evaluation date. Annual grasses comprised
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at

the 5% level (Duncan’s multiple range test).

twice the amount that was recorded at 18 months although percentage of perennial grass, forbs and sand shinnery oak were about the
same for both periods.
False buffalograss occurred much less frequently than did purple sandgrass, and was not enountered on untreated plots until the
second evaluation. Major perennial grasses in 1980 (18 months
after treatment) were common sandbur and sand witchgrass which
comprised greater amounts of the vegetation on the treated than on
the untreated plots. These grasses were the major dominants during 1981.
Andrews Site-Herbage Yields
Yields of annual and perennial grasses were significantly
(pSO.05) higher on plots treated with tebuthiuron than on
untreated plots both sampling dates (Table 2). Forb yields were
significantly
(PrO.05)
higher on untreated
than on the
tebuthiuron-treated
plots at both sampling dates. The greater
abundance of forbs measured on the second sample date presumably reduced the growth of perennial grass the second year relative
to the first year.
Table 2. Herbap yields after application
Andrews, Texas in March 1979.’

of tebuthiuron

pellets near

Tebuthiuron rate (kg/ha)
Forage component

0.5

0
-I8

Annual grasses
Perennial grasses
Forbs
Total forage

IO c
418 c
I28 a
556 b

Annual grasses
Perennial grasses
Forbs
Total forage

l8c
294 c
625 a
937 a

-30

I.0

months187 a
1081 a
43 b
I311 a

325 a
853 b
31 b
1209 a

months278 b
428 b
366 b
1072 a

510 a
536 a
167 c
1213 a

lMeans within a row followed by the same letter are significantly different at the 5%
level (Duncan’s multiple range test).

Yields of the annual grasses, purple sandgrass and false buffalograss, were much greater on treated than on untreated plots 30
months after treatment. Significantly (PrO.05) more purple sandgrass was contained in the plots treated with I .Okg/ ha of tebuthiuron than in plots treated with the 0.5 kg/ha rate or the untreated
plots.
Perennial grasses having greatest yields were the same species
which were measured in the composition transects, those being
common sandbur and sand witchgrass. Sand paspalum and sand
bluestem occurred only on the herbicide treated plots. Sedges
contributed to the herbage yield on the treated plots but only a
trace amount occurred on the untreated plots.
Jayton Study Site-Plant Composition
Mortality of sand shinnery oak based on plant counts was
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Table 3, Composition (%) of vegetational components and bare soil at 8
and 20 months following application of tebuthiuron pellets near Jayton,
Texas, in March 19801.
Tebuthiuron
rate
(kg/ha)

Bare soil

Grasses
-Nov

0

59
66

I.1

27
30

0
I.1

1Within
from

a sampling

the other

period

a mean followed

Forbs
1980-

18
28*
-Nov
23
57;

Sand
shinnery
oak

4
2

19*
3

l98lI6
II

by an asterisk differs significantly

31*
I
(F’SO.05)

Months after treatment (kg/ha)

Tebuthiuron rate
(kg/ha)

8

20
-Grasses-

0

1.1

651 a
1710 b

0
I.1

Ta
Ta

507 a
3068 b
-Forbs107 a
l36a

‘Withina foragecomponenrmeansinacolumnnotfollowed bythesameletteraresigniticantly different at the 5% level.
ZT = trace.

less than

5 kg/ha

in the same column.

estimated to be 75 and 95%, respectively, at the 8 and 20 month
post-treatment evaluation. Composition data from line transects
(Table 3) indicated 84 and 97% mortality for the 2 periods.
Unlike Andrews, the amount of bare soil area was similar
between tebuthiuron treated and untreated plots 8 and 20 months
after treatment. Plant response was evaluated sooner after treatment at Jayton than at Andrews. Grass was a significantly
(KO.05) higher component on plots treated with the 1.0 kg/ha
rate of tebuthiuron than on untreated plots at both samplingdates.
Although forbs were slightly greater on untreated plots, no significant differences occurred in relative frequencies of forbs, sand
sagebrush, or yucca between treated and untreated plots at either
sampling date. Live sand shinnery oak was a significantly lower
component on plots treated with tebuthiuron than on untreated
plots at 8 and 20 months after treatment.
The major grass species in 1980 (8 months post-treatment) were
sand dropseed, sand witchgrass, and Wright threeawn. All were
more abundant on tebuthiuron-treated
than on untreated plots.
Purple sandgrass was a higher component on treated than
untreated plots in 1981 (20 months post-treatment). Common
sandbur, sand dropseed, thin paspalum, hooded windmillgrass
(Chloris cucullata Bisch.), and Wright threeawn contributed significantly more amounts to the vegetative composition on treated
than untreated plots. No significant differences occurred between
treated and non-treated plots for sand witchgrass and sedges.
Jayton Site--He&age
Yield
Grass yields at Jayton increased after tebuthiuron treatment, and

forb yields were similar on both treated and untreated plots (Table
4). Grass yield almost doubled on the tebuthiuron treated areas
between. the first and second dates of sampling (1980 and 1981).
Treated plots produced approximately 3 times as much grass as
untreated plots 8 months after treatment and 6 times as much grass
20 months after treatment. Yields at Jayton were much greater
than at Andrews, mainly as a result of greater amounts of rainfall
received. Andrews received early summer rains but very little in
mid- to late summer and fall, whereas rainfall at Jayton was near
normal for the period.
Important grasses in 1980 were sand dropseed, little bluestem,
and Wright threeawn on the treated plots, whereas sand witchgrass
was the major grass on the untreated plots. All 3 major grasses
produced significantly more standing crop on the treated plots
than on the untreated plots. Significantly more sand witchgrass
was produced on the untreated plots than on the treated plots.
Major grasses comprising the 1981 forage production were sand
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Table 4. Grass and forb yields after application of tebutbiuron pellets near
Jayton, Texas, in March’.‘.

dropseed, sand witchgrass, common sandbur, purple sandgrass,
and hooded windmillgrass. All of these, except sand witchgrass,
yielded more herbage on the treated plots than the untreated plots.
Sand dropseed produced almost 10 times as much herbage as any
other grass in the treated plots.
Forbs were not significantly different between treated and
untreated plots when sampled in 1981. Forb yields in November
were about one-third of the summer standing crops (not shown).
Conclusions
Tebuthiuron pellets effectively controlled sand shinneryoak and
resulted in a concomitant increase in grass yields at two western
Texas locations.
These findings suggest that control of sand shinnery oak by
tebuthiuron can result in significant increases in herbage, primiarily grasses. Annual species are likely to increase significantly during the first 2 years after treatment. Preferred perennial plants also
respond favorably to sand shinnery oak control but increase at a
slower rate than annuals, depending on the amount and timing of
precipitation.
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Biological Manipulation
Goat Browsing
FREDERICK

D. PROVENZA,

JAMES

E. BOWNS,

PHILIP

Domestic goats were used to modify the growth form of
blnckbrush, a spinescent shrub occurring in nearly monospecific
stands on several million hectares of rangeland in the southwestern
United States. The objective of this research was to provide data on
the responses of blackbrush, goats, and cattle to a biological
manipulation program in which winter goat browsing was used to
stimulate spring twig production in an attempt to improve fall and
winter range for cattle. Goats were stocked at 4 intensities during
each winter from 1977 to 1979. Resultant levels of utilization and
spring twig production were determined, with increased utilization
leading to increased twig production. Browsing improved the
nutritional quality of blackbrush by stimulating twig production,
and current season’s twigs collected during the winter contained
more crude protein (6.5 versus 4.6%), phosphorus (0.10 versus
0.08%) and in vitro digestible dry matter (48 versus 38%) than did
older twigs. Cattle (heifers) browsed blackbrush pastures during
October of 1979. Heifers in pastures unbrowsed by goats
consumed primarily older twigs while those in previously browsed
pastures
consumed
primarily
current season’s twigs. No
statistically
significant
differences in weight response were
recorded for heifers using pastures that were, or were not, previously browsed. In previously unbrowsed pastures, however, the
average heifer consumed 1.9 times more protein supplement than
did her counterpart in previously browsed pastures.
Blackbrush
(Coleogyne ramosissima) is a densely branched
shrub, averaging less than 1 m in height, that occurs in nearly
monospecific stands on several million hectares of rangeland in the
southwestern
United States (Fig. I). The terminal
twigs of
blackbrush branches tend to die back for several centimeters from
the tip resulting in a spinescent growth form (Bowns 1973). Death
of terminal buds suppresses apical dominance and allows lateral
twig development.
The result is a compacted,
spherical canopy.
These factors
limit the accessibility
to and palatability
of
blackbrush
twigs for most ungulates
and, consequently,
this
species is generally considered poor forage.
Humphrey
(1953, 1955) considered
blackbrush
poor forage
during spring, summer, and fall for cattle, but fair forage for goats
during these seasons. In winter, when other feed was scarce, he
rated it as fair forage for cattle. Sampson and Jespersen (1963)
rated the species good to poor forage for goats and poor forage for
cattle on California rangelands. On southern Utah ranges, the U.S.
Forest Service (1937) considered blackbrush fair forage for cattle
during the winter, and Bowns and West (1976) considered it fair
winter and spring forage for cattle and sheep. Research by Bradley
(1965) and Wilson (1967), however, indicated that the shrub is
important to desert bighorn sheep, and Leach (1956) found it an
important contributor
to the winter diets of mule deer. Bowns and
West (1976) indicated
that the greatest
economic
use of
blackbrush-dominated
rangelands in Utah was winter browsing by
Provenza,
Urness and Malechek
are research assistant professor, associate professor and professor, Range Science Department,
Utah State University,
Logan 84322;
Butcher is professor, Animal,
Dairy and Veterinary
Science, Utah State University;
and Bowns is professor, Department
of Life Sciences, Southern
Utah State College.
Cedar City, Utah 84720.
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mule deer and desert bighorn sheep, and winter and spring
browsing by livestock.
Nutritionally,
blackbrush is low in crude protein and phosphorus. Crude protein levels cited by Bowns and West (1976) for
material harvested in February and May were 7.3 and 8.8% for
leaves versus 4.1 and 3.8% for stems, respectively. The phosphorus
contents were 0. I I and 0.14% for leaves versus 0. IO and 0.130/c for
stems, respectively.
Intact samples collected during January and
February by Provenza (1977) averaged 4.6% crude protein and
0.16% phosphorus.
Domestic
goats were used to modify the growth form of
blackbrush
in southwestern
Utah in an attempt to increase the
productivity
and the nutritional
value of blackbrush
twigs for
cattle. The purpose of this paper is to present data on the responses
of blackbrush,
goats, and cattle.
Methods
Study Site
The experiment was conducted on Bureau of Land Management
administered
land in the extreme southwestern corner of Utah near
Gunlock. The study area was at an elevation
of 1.280 m and
consisted
floristically
of blackbrush
associated
with juniper
(Juniperus osteosperma). The soil series of the site was a Pastura
Loam with an A-C horizon sequence underlaid by a petrocalcic
(caliche) horizon (Bowns 1973). A Bureau of Land Management
rain gauge, located approximately
2 km west of the study area,
showed that precipitation
averaged
165 mm from December
through June from 1965 to 1976. An average of 302 mm of
precipitation
was recorded during this study, 1977 to 1980.
Physically, the experiment consisted of two blocks (replications)
of 8 ha each. Within each block the control and heavily stocked
pastures were 1 ha, the moderately stocked pasture was 2 ha, and
the lightly stocked pasture was 4 ha. The browsing periods
employed in this study are summarized in Table I.
Utilization
Utilization
was determined
by the method of Provenza and
Urness (1981) in which caliper measurements
of branch diameters
were used to predict the length of twig material present before and
after browsing. A branch was that portion of the plant rising from
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Table 1. Browsing periods for the blackbrush study.

Class of animal

Year

Browsing period

Goat
Goat
Goat
Cattle

1977
1978
1979
1979

9 January - 10 March
29 December - 1I March
2 January - 17 March
I October - 28 October

In an additional study, hand-plucked blackbrush samples that
simulated twigs consumed by goats browsing current season’s
terminal versus basal branches were analyzed for crude protein and
in vitro dry-matter digestibility. Twigs from the terminal and basal
branches of 6 plants were collected in March of 1979. The statistical design of this study was a factorial with 6 replications (plants) of
2 treatments.
Prior to chemical analysis of duplicate samples, twigs were
ground through a Wiley mill with a 40-mesh cm-’ screen. Crude
protein content was determined by the Kjeldahl method (Horwitz
1970), phosphorus content was determined by the ammonium
molybdate-ammonium
vanadate method described by Chapman
and Pratt (1961), and in vitro dry-matter digestibility was
determined by the two-stage method described by Tilley and Terry
(1963). Rumen inocula were obtained from a goat that had been
browsing blackbrush pastures in 1978, and by stomach pump from
3 esophageally fistulated goats fed alfalfa in 1979.

the ground, and twigs were subdivisions of the branch. Prior to the
browsing period, a point on each sample branch was marked with
red ink and a caliper measurement made at that point to predict
twig material originally available. After the browsing period, each
browsed tip distal to the marked point was measured and the
amount of twig material removed was estimated. The regression
equation used to predict twig lengths from branch diameters was:
natural logarithm length = 4.0398-I-2.3855(natural logarithm diameter)
Percent utilization

was computed as follows:

u=

-ST

Cattle Response

(ItJo)

Thirty-two
Hereford
cattle (yearling
heifers) browsed
blackbrush pastures from I to 28 October 1979. These heifers were
placed in a blackbrush holding pasture during the last week in
September. On October 1 they were weighed, and 4 animals were
randomly assigned to each of the 8 blackbrush pastures. Six of
these pastures had been browsed previously by goats, while 2 had
not. Diet sample and weight response data were collected at 2-week
intervals during the browsing period.

PB

where:

U

ZPT

= percent utilization
= sum of the predicted browsed twig lengths

PB

= predicted branch length before browsing

Percent utilization was measured on 2 branches from
sample plant (50 ha-‘). A terminal brunch was selected from
branches growing on the outer edges of the plant, and a
brunch was selected from sprouts and young branches arising
within the terminal branch canopy.

each
older
bud

from

Diets
Hand-plucked
blackbrush
samples that duplicated twigs
consumed by cattle were collected in the 4 pastures of block one.
Within a pasture, each animal was observed during the day and
blackbrush plants and plant parts similar to those being consumed
were sampled.
Samples were separated into current season’s versus older
growth and weighed for the botanical analysis. For the chemical
analysis, current season’s and older twi s were pooled, ground
through a Wiley mill with a 40-mesh cm -# screen, and analyzed in
duplicate for crude protein (Horwitz 1970), and in vitrodry-matter
digestibility (Tilley and Terry 1963). The statistical design for this
experiment was a factorial with repeated measurements. The main
effect was stocking rate, and animals were nested within this effect.
The experiment was repeated twice during the browsing period.

Twig Growth

Seasonal twig growth was measured on a terminal and basal
branch from each sample plant (50 ha-‘) in September after
blackbrush growth ceased (Bowns 1973). Random selection of
both branches was assured by placing a circular hoop 0.9 m in
diameter and covered with a S-cm wire grid over each plant. The
grid was supported by a metal stake that allowed it to revolve. The
stake was positioned in the center of each sample plant, and the
grid was spun and allowed to come to rest. A metal pin was inserted
as predetermined points on the grid intersections, and the current
season’s growth on the terminal or basal branch nearest a pin was
measured to the nearest 1 mm.
Nutritional Analyses
Blackbrush samples, hand-plucked
to simulate twigs consumed
by goats browsing current season’s and older twigs from the
terminal branches of plants growing on deep and shallow soils,

Weights
Heifers in all blackbrush pastures had access to 36% proteinblock supplement during the browsing period. Block consumption
was recorded by pasture on a weekly basis. The animals were
weighed after 2 and 4 weeks of browing, having been penned
overnight without access to feed or water. The statistical design for
these studies was a split plot with 2 replications. The whole plot
effect was pastures, and the sub-plot effect was dates.

were analyzed for crude protein, phosphorus, and in vitro drymatter digestibility. Eight plants were sampled within each
treatment by soil depth combination, and samples were collected in
January of 1978 and March 1979. The statistical design of the
experiment was a factorial with twig age and soil depth as the main
effects and the experiment was replicated twice (1978 and 1979).
Table 2. Stocking intensities and utilization levels for blackbrush pastures.

1977 (Goat)

intensity1

Percent
Utilization
Terminal

0
1.2
0.6
0.3

0
33”
Wb
Sb

Stocking
Pasture
Control
Heavy
Moderate
Light

1978 (Goat)
Stocking
intensity
0
2.4
1.2
0.6

1979 (Goat)
Percent utilization

Percent utilization
TerAverage
minal* Basal
0
:;
20

0
82
49
24

0
77”
44b
2T

Stocking
intensity
0
2.0
1.0
0.5

I979 (Cattle)
Percent utilization

Stocking
Averageintensity

Terminal

Basal

;$

tii

5;

lld

14d

2Pb
12b

Terminal

Basal

82
83
47
22

77
14
52
33

2.3
2.3
I.1
0.6

Average
80”
25

IAnimal-unit-months hectare“; animal units for goats and heifers were computed on a weight basis with 454 kg equal to one animal unit.
2Terminal

versus basal branches

in 1978 (k+O.lO).

in the same column followed by a different letter are significantly different (KO.05).
de Mean in the same row followed by a different letter are significantly different (P---0.03).
‘&Means
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Table 3. Cumulative

blackbrush use by goats (2 January to 17 March) and cattle (1 October to 28 October) during 1979.

Cattle

Goat

Goat and cattle

Pasture

Stocking intensity’

Percent utilization

Stocking intensity’

Percent utilization

Stocking intensity’

Control

0
2.0
1.0
0.5

0
53
29
12

2.3

80

2.3

2.3
I.1
0.6

19
49
27

4.3
2.1
I.1

Heavy
Moderate
Lieht
‘Animal-unit-months hectare-‘;

animal

Results

units for goats and heifers

and

were computed

on a weight

Levels

Table 2 summarizes stocking intensities and utilization levels for
blackbrush pastures during this study. The data in Table 2 not only
establish stocking intensities and utilization levels for goats and
cattle, but also indicate how the animals utilized blackbrush. At
similar stocking intensities, blackbrush utilization by goats (1978)
and cattle (1979) was comparable. Basal and terminal branches
were used by both goats and cattle, with a trend toward greater use
of basal branches. A statistically significant interaction (branch
location X control, heavy versus moderate, light, P=O.O4) existed
for the cattle utilization data because cattle tended to consume
more basal branches at lighter utilization levels. As utilization
levels increased, however, cattle were apparently unable to consume basal branches as completely as goats (e.g., I978 goats versus
I979 cattle utilization), probably due to their large muzzle. The
small size of blackbrush leaves precluded selection for them;
rather, the animals consumed leaves with the twigs and leaf stripping was not observed.
Also of importance was the goats’ aversion to current season’s
growth (CSG) on terminal branches, particularly in 1979.
Increased utilization levels and ample moisture stimulated spring
twig production in 1978. As a result, the terminal and basal twigs
available for goats browsing in the heavily stocked pastures in 1979
consisted entirely of CSG. Goats browsing in the heavily stocked
pastures during 1979, however, ate relatively little CSG from
terminal branches, and nonsystematic observations indicated that
terminal branch consumption increased only after basal branch
availability was greatly reduced. The decreased palatability of
CSG was apparently related to high tannin levels (Provenza and
Malechek 1983b). When plants were browsed one year and rested
the next year or two, however, a larger quantity of morepalatable
twig material was available for consumption than when plants
were browsed year after year (Provenza et al. 1983). The increased
palatability was apparently related to a decrease in astringent
tannins as the proportion of current season’s (high in tannins) to
older (low in tannins) twigs decreased (Provenza and Malechek
1983a). The decrease in astringent tannins as twigs aged was presumably due to their polymerization with proteins and carbohydrates; the resulting large molecular weight compounds were
probably less astringent, which made the older twigs more
palatable.
Table 3 is a summary of data presented in Table 2, and is
intended to show aggregate grazing capacities for cattle and goats
during 1979. Stocking intensities of 4.3 and 2.1 animal-unitmonths ha-’ for the heavy and moderate treatments, respectively,
were achieved during a single year from two forage crops (1978,
1979) without evident overuse of the shrub resource. This is
remarkable,
considering
conventionally
held beliefs that
blackbrush ranges have inherently low grazing capacity. Even the
2.3 animal-unit-month
ha-’ stocking intensity on previously
unbrowsed (control) pastures was 29 times higher than agency
guidelines of 0.08 animal-unit-months
ha-’ (Jenson et al. 1960).
One major consideration in this argument is whether blackbrush
plants could withstand, over the long term, heavy winter use by
goats followed by heavy fall use by cattle. Results presented by
Provenza et al. (1983) showed that plant vigor was not lowered by 4
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consecutive years of extremely heavy utilization; however, abovenormal precipitation was recorded in 2 of those years.

Discussion

Stocking Intensities and Utilization

basis with

1983

Twig Growth
Differences in production of CSG resulting from goat browsing
at various stocking intensities are presented in Table 4. Heavy
stocking intensities generated the greatest twig production. The
lack of statistical significance among moderate and light versus
control pastures was due to variable goat use of individual plants in
the lightly and moderately stocked pastures. This caused
individual plant production to vary greatly within treatments, and
resulted in significant error variation. The differences in plant
production among years were due to large differences in precipitation from December through June. Factors affecting twig growth
in blackbrush were discussed by Provenza et al. (1983).
Nutritional

Analyses

Analyses of blackbrush twigs, hand-plucked
to simulate
material consumed by goats, indicated that the nutrient content and
digestibility of CSG on browsed plants was higher than that of
older material on unbrowsed plants (Table 5). Further, goats
browsing in pastures where plants were composed primarily of
current season’s twigs lost less weight than goats browsing in
pastures where the plants were composed primarily of older twigs
(Provenza and Malechek 1983b). Basal branches were higher in
crude protein and more digestible than terminal branches. Basal
branches had higher 1eaf:stem ratios and appeared to be less
fibrous than terminal branches, which may account for their higher
average nutrient contents and digestibilities. Bowns (1973) indicated that blackbrush leaves were higher in crude protein and
lower in acid detergent fiber than stems.
Soil depth also affected the nutrient content of blackbrush, but
differences were not highly significant (crude protein eO.12,
phosphorus P=O. 11) due to the low number (3) of error degrees of
freedom. Plants growing on deep soils tended to contain more
nutrients than those growing on shallow soils. Perhaps greater soil
depth permitted better soil moisture relations, improving nutrient
Table 4. Current season’s twig production by blackbrush plants browsed at
4 stocking Intensities.

Current season’s twig production
(mm l branch-r)
Year
1977’

1978’

1979’

Pasture Control
Light
Moderate
Heavy

85”
81”
84”
19Sb

2538
3628
4??
IOOsb

230”
314”
426”
766b

Branch Location
Terminal
Basal

118
16d

648’
264d

610E
166d

IAverage

annual

133,445,

and 335 mm, respectively,

1976.
‘bMeans
(PO.1

precipitation

in the same column
I, 0.07, and 0.10, for

“Means

in the same column

(P=O.13.

0.03, and 0.01 for

for December

followed
followed

letter are significantly

1965 to
different

1979, respectively).

by a different

1978, and

June in 1977. 1978. and 1979was

to an average of 165 mm from

by a different

1977, 1978, and
1977,

through

compared

letter are significantly

different

1979. respectively).
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Table 5. Percent crude protein, phosphorus, and in vitro dry-matter digestibility (IVDMD) for blackbrush twigs.
Twig age
Assay
Crude
protein
Phosphorus
IVDMD

Twig location

Plant location

Current

Older

growth

growth

Terminal

Basal

6.5a
0.10”
47.78

4.6b
O.Ogb
38.2b

5.7”
-

6.1b
-

41.1”

44.2b

Year

Deep
soils

Shallow
soils

March
1978

January
1979

5.9”
0.10”
42.7”

5.2b
O.OSb
43.1”

6.2”
0.1 I’
44.3”

4.9
O.OSb
41.6’

*bMeans in the same row, for a given twig age, twig location, plant location, or year, followed by a different letter are significantly different (for twig age. crude protein and
lVDMD
KO.05,
phosphorus X0.10;
for twig location, crude protein P=O. IO, IVDMD +O.OS;forplant
location, crude protein eO.12,
phosphorus P;O.l I; for year,crude
protein and phosphorus KO.05).

uptake by the plants. Harner and Harper (1973) stated ‘that
improved soil moisture relations enhanced the mineral status of
soils by accelerating the microbial action that causes the release of
essential elements. Their data showed that soil moisture and the
nutrient content of vegetation were closely related. In this
connection, Bhaumik and Clark (1947) indicated that decomposer
organisms of the soil performed optimally at moisture levels near
field capacity if aeration and temperature were favorable, and
Moser and Olson (1953) indicated that as soils dry, the activity of
soil organisms declines rapidly.
The crude protein and phosphorus contents of twigs collected in
March of 1978 were higher than those of twigs collected in January
of 1979. The fact that blackbrush generally begins growth in midMarch and was likely then to be in a physiologically active state
could account for this result, although blackbrush had not manifested signs of growth at the time these samples were collected.
Cattle Response

Diets

Blackbrush samples, hand-plucked to simulate twigs consumed
by cattle, were analyzed for percent CSG (Fig. 2), crude protein
(Fig. 3) and IVDMD (Fig. 4). A positive relationship existed
between percent CSG and crude protein levels (r2=0.70), and
percent CSG and IVDMD (r2=0.65). Unaccounted for variability
due to plants, twig age, and twig location affected these
relationships, lowering the coefficients of determination.

Cattle in previously unbrowsed pastures (control) consumed less
CSG than cattle in previously browsed pastures (heavy, moderate,
light) due to the woody nature of unbrowsed plants. Cattle
browsing in the heavily stocked pastures consumed the greatest
quantity of CSG. This was a result of the high twig production in
those pastures caused by previous goat browsing and abundant
moisture during 1979. The percent CSG consumed by cattle
browsing in the control and heavily stocked pastures declined
during October, however, because of heavy utilization levels
(Table 2). The percent CSG consumed by cattle browsing in the
moderately and lightly stocked pastures remained constant due to
the lower utilization levels. As the percent CSG declined, the levels
of crude protein and 1VDMD also declined.

Weights
Cattle browsing in blackbrush pastures were supplemented with
36% protein blocks. No statistically significant differences in
weight responses were recorded for heifers browsing in previously
unbrowsed versus previously browsed pastures. The average
heifer, however, gained 0.64 kg day-’ during the first two weeks of
the study and lost 0.01 kg day-’ during the last 2 weeks of the study
(P=O.O5).
Statistically significant differences in consumption of protein
block were recorded for heifers in previously browsed versus
previously unbrowsed pastures (eO.05). Animals in previously
unbrowsed pastures ate more protein block (Fig. 5). Although
block consumption varied among pastures that were previously
browsed, no trends were apparent. Heifers in all pastures increased
their consumption of protein block throughout the browsing
period. Over the course of the study, the average heifer (268 kg) in
previously browsed versus previously unbrowsed pastures
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Fig. 5. Quantity of 36% protein block consumed
blackbrush pastures during October, 1979.

consumed
0.94 kg versus 1.77 kg of protein
block daily,
respectively.
The low crude protein levels and woody nature of twigs in
previously
unbrowsed
pastures
probably
decreased
the
digestibility
of diets consumed
there (Table 5) and may have
contributed
to the increased consumption
of protein block by
heifers using those pastures. The assumption is that crude protein
levels in the blackbrush diets were low for effective rumen function,
and that additional
protein
from the blocks improved
the
digestibility and, presumably,
intake of the twigs (van Glywsyk
1970, Moir and Harris 1962).
An underlying question regarding differences in protein block
consumption
is whether heifers in the previously
unbrowsed
pastures
consumed
more
protein
block from
hedyphagic
(palatability) or euphagic (improved rumen function) motiviation.
If increased consumption
were due strictly to palatability, cattle
browsing in the heavily stocked pastures should have consumed
the most protein block because of the low palatability of CSG
produced by terminal branches. Instead, heifers in the previously
unbrowsed pastures consumed the most protein block, indicating
that the response
may be physiologically
related to intake.
Research is needed, however, to provide definitive data.
From a practical
standpoint,
protein
supplementation
is
required to prevent weight loss in cattle on blackbrush fall and
winter range, but some level of weight loss may be acceptable. For
example,
Pinney et al. (1972) studied the effects of protein
supplementation
(60%, 12070, and 220% of recommended
allowances) on lifetime production
of beef cows. The cows that
received the low level of supplementation
lived longer and
produced more calves of greater weaning weights than did cows
that received higher levels of supplementation.
Prior browsing
by goats apparently
reduced the need for
supplementation
by increasing
the nutrient
content
and
digestibility
of blackbrush
twigs. Further research is necessary,
however, to determine protein supplementation
levels for cattle on
previously unbrowsed versus browsed blackbrush rangelands.

are:
1. Increase stocking intensities on blackbrush dominated rangelands to about 1.8 animal-unit-months
ha-‘. This will require more
intensive management,
with increased fencing and water development. Both types of development
are critical to proper use of
blackbrush rangelands. Simply increasing (or decreasing) stocking
intensities
will not improve range use patterns if animals are
allowed to water at stream bottoms or other areas where preferred
grasses and forbs are more abundant. Blackbrush rangelands are
best utilized by forcing intensive browsing of relatively small areas.
2. Browsing systems should be established that employ heavy
browsing followed by one or two years rest, depending on blackbrush twig production (Provenza et al. 1983). Rest from browsing
allows blackbrush plants to accumulate twigs that are comparatively low in astringent tannins and therefore palatable. The primary purpose of rest is to allow an accumulation
of palatable forage
for consumption
by livestock, rather than to benefit the plants,
since blackbrush is apparently capable of withstanding heavy winter twig removal.
3. Animals browsing on blackbrush rangelands should be supplemented with protein to improve rumen function and minimize
weight loss. Recommendations
on specific timing and amounts can
be made only after further research.
4. Although not currently economically
feasible, in the future
goats may be used in conjunction with cattle on blackbrush rangelands. For the present, however, properly managed cattle are
capable of manipulating
and utilizing these rangelands.

Conclusions
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Some Factors
Blackbrush

Affecting

Twig Growth in
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Abstract
Domestic goat browsing was used to stimulate twig production
by blackbrush. Precipitation, soil depth and stoniness, branch
location, and the number of years of browsing and rest from
browsing affected twig production (P<O.O5). As precipitation
doubled, production increased by a factor of 1.9. Twig production
by plants growing on deep soils(71 cm) was 1.9timesthat by plants
growing on shallow soils (39 cm). Older branches growing on the
outer edges of blackbrush plants (terminal branches) produced 4.6
times more current season’s twigs than sprouts and young branches
(basal branches) growing within the shrub canopy. Heavily
browsed plants increased twig production by a factor of 3.6 relative
to control plants, and production remained at this level, even after
4 consecutive years of browsing. Annual twig production declined
with rest from browsing. However, plants that were browsed and
subsequently rested for 2 years yielded an aggregate 1.6 times more
available forage than plants that were browsed on a yearly basis.
This was due to an accumulation of twigs ranging in age from 1 to 3
years.
Blackbrush
(Coleogyne
ramosissima) is a densely branched
shrub that occurs on several million hectares of rangeland in the
southwestern
United States. The terminal twigs of blackbrush
branches tend to die back for several centimeters
from the tip
resulting in a compact, spinescent growth form (Bowns 1973). This
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brush twigs for most ungulates and this species is generally considered poor forage.
Domestic goats were used to modify the growth form of blackbrush in southwestern
Utah in an attempt to improve these rangelands for cattle (Provenza
et al. 1983). Winter removal of
spinescent
twigs by goat browsing stimulated spring sprouting
from basal and axillary buds, which resulted in increased twig
production.
The purpose of this paper is to describe some factors
affecting twig production
by blackbrush.

Methods
The experiment wasconducted
on Bureau of Land Management
administered
land in the extreme southwestern comer of Utah near
Gunlock. The study area was an elevation of 1,280 m and consisted
floristically
of blackbrush
associated
with juniper (Juniperus
osteosperma). The soil series of the site was a Pastura Loam with
an A-C horizon sequence underlaid by a petrocalcic
(caliche)
horizon (Bowns 1973). A Bureau of Land Management rain gauge,
located approximately
2 km west of the study area, showed an
average of 165 mm of precipitation
from December through June
from 1965 to 1976. An average of 302 mm of precipitation
was
recorded for the same period during this study, 1977 to 1980.
The effects ofsoil depth, browsing and rest, branch location,and
precipitation
on current season’s twig growth (CSG) were examined. To assess the effects of soil depth and stoniness on production
of CSG, 36 plants were selected on both deep and shallow soils.
The average depth to the impervious petrocalcic horizon for deep
and shallow soils was 7 I and 39 cm, respectively, and shallow soils
contained surface and subsurface stones.
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Table 1. Years in which blackbrush plants growing on deep and shallow
soils were browsed and rested from browsing.

symbol
(“years”)’

Treatment

Number
of plants

Year
Rested

BOR4

6

Browsed
--

BI R3
B2 R2
B3 RI

6
6

1977
1977, 1978

B4 RO

6
6

1977, 1978, 1979 1980
1977, 1978,
-1979, 1980

BI RO

6

1980

‘B and

R represent browsed and

1977, 1978,
1979, 1980
1978, 1979, 1980
1979, 1980

--

rested from browsing and the numbers represent

years.

Within each soil depth, the effects of heavy use followed by rest
were investigated (Table 1). Heavy use in the initial year (1977) was
removal of twigs from all of the terminal branches. Subsequently,
heavy use was greater than 95 percent removal of current season’s
twigs from terminal and basal branches. Terminal branches were
older branches growing on the outer edges of the plant canopy,
while basal branches were sprouts and young branches arising
from within the terminal branch canopy.
Three terminal and three basal branches were randomly selected
and measured on all plants except control. One terminal and one
basal branch were measured on control plants in 1977, 1978, and
1979. Total length of seasonal twig growth was measured in
December of 1977 and September of 1978, 1979, and 1980, after
blackbrush growth had ceased (Bowns 1973). The relationship
between precipitation, from December through June, and twig
production for these years was assessed. The statistical design of
the experiment was a factorial with repeated measurements on the
plants. Soil depth and “years” were the main effects, and branch
location within plants was treated as a subplot in the analysis.
Results and Discussion
Precipitation influenced the amount of CSG produced. A linear
relationship was found between current season’s twig production
by unbrowsed plants and the amount of precipitation received
between December and June (Fig. 1). A similar relationship
(r2~0.95) was found for heavily browsed plants; however, twig
production was greater. Moisture received from December to
mid-March recharged the soil profile prior to the initiation of plant
growth, while precipitation received from mid-March to mid-June

was used during the period of active plant growth. When precipitation was sufficient to wet the soil profile to the 20 cm depth, the
zone of most abundant root biomass (Bowns 1973) increased
production resulted.
Data obtained from heavily browsed blackbrush plants selected
for intensive studies indicated that production of CSG was affected
by soil depth and stoniness, and branch location on the plant
(Table 2). Blackbrush plants growing on deep soils with little
surface stone produced more CSG than plants growing on shallow
soils with much surface stone. An interaction between branch
location and soil depth resulted from basal branches producing
similar quantities of current season’s twigs on deep and shallow
soils, while the terminal branches of plants growing on deep soils
outproduced those of plants growing on shallow soils.
Enhanced soil moisture relations were probably responsible for
the increased twig production by plants growing deep soils. Medin
(1960) concluded that factors influencing soil moisture relations
were key influences upon twig production in the shrub Cercocarpus montanus,
and that as soil depth increased, more water was
stored for use by plants.
Older branches growing on the outer edges of blackbrush plants
(terminal) were compared with sprouts and younger branches
arising from within the plant’s canopy (basal) for production of
CSG, and terminal branches outproduced basal branches on heavily browsed plants (Table 2). However, terminal branches did not
outproduce basal branches on control plants, and production of
CSG by basal branches was not significantly different among the
treatments (Fig. 2). The average leader length was longer for basal
than terminal branches, which concurred with the finding of
Bowns (1973) that the average leader length for basal twigs was
twice that of terminal twigs. Twig production on heavily browsed
plants, however, was primarily from terminal branches due to the
large number of twigs produced.
The number of years of browsing and rest from browsing that
blackbrush plants received also affected production of CSG (Fig.
3). Browsing stimulated production of CSG by blackbrush, and
even after 4 years, heavily browsed plants (greater than 95% of the
CSG removed) still outproduced unbrowsed plants. A comparison
of plants that were heavily browsed for 4 years with plants that
were heavily browsed for 1 year (Fig. 3, last 2 bars in 1980)
indicated that current season’s twig production did not decline as a
result of heavy browsing. Abundant soil moisture during 1978 and
1979 likely increased the resistance of blackbrush to browsing.
Nevertheless, the shrub appeared to be capable of survival with
sustained twig removal. When browsing was terminated, however.
production of CSG declined.
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Fig. 1. Relationship

between the amount of precipitation received from
December through June and current season’s rwig production by unbrowsed blackbrush plants.
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Table 2. Current season’s twig production by the terminal and basal
branches of heavily browsed blackbrush plants growing on deep and
shallow soils.

Current

season’s

Terminal
Year

Deep soils’ Shallow

1977
1978
1979
1980
‘Average

twig production

branches

528”
1616”
1396”
925”
depth

to the imprevious

soilsr

Deep soils’ Shallow

322b
85gb
638b
444b
caliche

(mm . branch-‘)
Basal branches

152”
377”
I 58”
159”

soils’

173”
234”
152”
106”

layer for deep and shallow

soils was 71 cm

fbnd 39 cm. respectively.
M~IIS

in the same TOW.

fora given branchlocation.aresignificantlydifferent(LSD,

KO.05).

The data in Figure 3, when combined with a knowledge of how
goats and cattle browsed blackbrush plants, provides implications
for management. Blackbrush plants that were browsed and subsequently rested accumulated significant quantities of relatively new
twig growth, while plants that were browsed without rest produced
only current season’s twigs (Table 3). When plants were browsed 1
year and rested for the next year or 2, a larger quantity of more
polarable twig material was available for consumption than when
plants were browsed year after year. The increased palatability was
apparently related to a decrease in astringent tannins as the proportion of current season’s (high in tannins) to older (low in
tannins) twigs decreased (Provenza and Malechek 1983). The
decrease in astringent tannins as twigs aged presumably resulted
from the polymerization of tannins with proteins and carbohydrates; the resulting large molecular weight compounds were less
astringent and as a result the older twigs were more palatable.
Browsing systems for blackbrush rangelands should be established that employ heavy winter browsing followed by 1 or 2 years
rest from browsing, depending on blackbrush twig production.
Rest from browsing allows blackbrush plants to accumulate more
twigs that are lower in astringent tannins, and therefore more
palatable. The primary purpose of rest is to allow an accumulation
Table 3. Cumulative

production

of current season’s twigs by blackbrush

Current

Fig. 3. Current season S twig production by blackbrush plums. B and R
represent browsed and restedfrom browsing and the numbers represent
years. Letters above the bars represent statistically significant dsfferences
within years (LSD, KO.05).

of palatable forage for consumption by livestock, rather than to
benefit the plants, since blackbrush is apparently capable of withstanding heavy winter twig removal.
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903
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P
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Herbicidal Control of Common Broomweed
W.E. BOYD, E.B. HERNDON,

AND R.E. SOSEBEE

Abstract
Common broomweed (Amphiachyris dracunculoides) infests
Texas rangelands during the fall, winter, or spring in years with
abundant soil water. Herbicidal control of common broomweed
was studied in the Rolling Plains of Texas in 1977, a wet year.
Dicamba and picloram plus 2,4,5-T effectively controlled broomweed at rates ranging from 0.14 to 1.1 kg a.i./ha. Tebuthiuron
produced less consistent control and 2,4-D was ineffective at rates
from 0.14 to 1.1 kg/ha. Broomweed production was reduced and
grass production increased regardless of whether dicamba or picloram plus 2,4,5-T were applied in early December, late January, or
mid-May. Grass production increased 1.5 fold following broomweed control. Compared to untreated plots, neither soil water
content nor soil temperature were affected by broomweed reduction, but photosynthetic active radiation reaching more desirable
forage was significantly increased by broomweed control.

Common broomweed [Amphiuchyris drucunculoides (D.C.)
Nutt.] also known as annual broomweed, is a periodic problem on
rangeland. It occurs at irregular intervals usually following aboveaverage rainfall during fall, winter, or spring. It is widespread
throughout Texas, Oklahoma, Kansas, and New Mexico and purportedly causes reduced forage and animal production.
Control of common broomweed with herbicides has been investigated by several scientists. Scifres et al. (197 I) reported that 2,4-D
[(2,4-dichlorophenoxy) acetic acid] applied at 0.14,0.28 or 0.55 kg
a.i./ ha effectively controlled common broomweed when sprayed
during stem elongation around mid-May. The same rates of 2,4-D
appeared less effective in early April or in mid-June. Picloram
(4-amino-3,5,6 trichloropicolinic acid) + 2,4-D applied at 0.07,
0.14, or 0.28 kg/ ha of each herbicide controlled common broomweed during stem elongation around mid-May. Dicamba (3,6dichloro-o-anisic acid) appeared more effective than equal rates of
2,4-D when applied in early spring. Beck and Sosebee (1975)
indicated that fall applications of either 2,4,5-T [(2,4,5-trichlorophenoxy) acetic acid] butyl ether ester, 2,4,5-T trimethylamine salt,
or picloram plus 2,4,5-T controlled common broomweed the
spring and summer following herbicide application.
Common broomweed densities were reduced (>80%) by picloram plus 2,4,5-T, triclopyr [3,5,6-trichloro-2-pyridinyl)
oxy] acetic
acid ester, picloram i- dicamba, and picloram i- trichlopyr ester
applied in June at 0.55 kg/ha (Jacoby et al. 1980). Jones et al.
(1977) also reported that common broomweed growing in north
central Texas was significantly reduced by application of picloram
applied at 0.55 kg/ha in December and March.
Increased forage production resulting from reduced competition
by controlling common broomweed has been reported by Haas
(1975, 1976). Grass production on two heavy clay sites sampled in
October 1976 following aerial treatment in May 1975 with 2,4-D
(I. 1 kg/ ha) was greater on treated plots than on untreated plots
(1,987 and 1,479 vs 1,634 and 1,247 kg/ ha, respectively).
Average production and density of broomweed growing on 3
range sites (clay loam, silty clay loam, and stoney clay) were
reduced 65 and 6970, respectively, by a spring application of 2,4-D
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at 0.55 kg/ ha (Rittenhouse et al. 1977). They also reported that
broomweed production on untreated sites (590 kg/ ha) was significantly greater than on treated sites (205 kg/ ha). Concomitant grass
production on treated sites (1249 kg/ha) was greater than on
untreated sites (1025 kg/ ha). Rittenhouse (personal communication) suggested that the greatest detrimental effect from common
broomweed infestation may occur during the second year following production because of its physical inhibitory effect on livestock
grazing.
This study was initiated in December 1976 to evaluate efficacy of
common broomweed control with various herbicides. Specifically,
herbicide application during late fall and winter was compared to
spring application. Effect of broomweed on soil temperature, soil
water content, and photosynthetic active radiation at grass level
and its effect on herbage yield were also evaluated.
Experimental

Procedures

The study was conducted in Hardeman County, Texas, near
Chillicothe on a sandy loam range site in the Rolling Plains
Resource Area (Lofton et al. 1972). Soils of the area are a Miles
fine sandy loam (fine-loamy, mixed, thermic, Udic Paleustalfs)
with 1 to 3% slope. The climate is classified as warm and temperate
with dry winters and low humidity during the summer. Annual
precipitation averages about 61 cm with rainfall peaks during
April-May and September-October (Loften et al. 1972). Vegetation of the area was composed of sideoats grama [Bouteloua
curripendulu (Michx.) Torr.], blue grama [B. grucilis (H.B.K.)
Griffiths], threeawns (Arisridu sp.), buffalograss [Buchloe &cryloides (Nutt.) Engelm.], and sand dropseed (Sporobolus cryptundrus (Torr.) Gray] with infestations of common broomweed and
ragweed (Ambrosia psilostuchyu D.C.). Range condition at the
time of herbicide application was poor to low fair.
Herbicides applied to .004 ha plots (6.4 X 6.4 m) included
dicamba (dimethylamine
salt), picloram (triisopropanolamine
salt) plus 2,4,5-T (triethylamine salt), tebuthiuron (N-[5( I ,l-dimethylethyl)-1,3,4-thiadiazol-2-yl]-N,N’-dimethylurea;
80% a.i.
wettable powder) and 2,4-D (propylene glycol butyl ether esters
formulation). All herbicides were applied at 0.14,0.28,0.55, and
1. I kg a.i./ ha; 2,4-D was also applied at 2.2 kg a.i./ ha. No additives
or surfactants were used; all liquid herbicides were applied in
aqueous solution and tebuthiuron was applied as an aqueous
suspension. The chemicals were applied with a Co2 compression
hand sprayer at a constant pressure of 170 KPa. Herbicide treatments were applied to plots arranged in a randomized complete
block design with 3 blocks. Treatments were applied December 8,
1976, January 27 and May 12, 1977 (preceding umbel formation).
The area was fenced to exclude livestock grazing for the duration
of the study.
Results of herbicide applications were obtained in August 1977
by measuring herbage production on all treatments. Herbage
yields were measured by clipping all vegetation at l-cm stubble
height in 5,O. I -mr rectangle quadrats per plot. Herbage was separated by species and dried in a forced air oven for at least I week at
46’ C to obtain the oven-dried weights. Degree of broomweed
control was based on reduction in yield.
Environmental parameters measured at the time of herbicide
application included soil water content (obtained gravimetrically
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from 3 soil cores per plot at IS-cm increments from 0 to 60 cm
depths), relative humidity, and soil temperature (obtained at 15,
30, 45, and f&cm depths). Soil temperature was measured by
driving a l-cm steel shaft into the ground at prescribed depths and
then inserting a glass mercury-tilled thermometer into the hole.
The thermometer was allowed to come into equilibrium with the
soil temperature (15 minutes or longer) before being read. Relative
humidity was measured with a sling psychrometer. Photosynthetic
active radiation (PAR) was measured with a Lambda Quantum
Sensor. PAR measurements were made above the broomweed
canopy in full sunlight and within the broomweed canopy at the
height of the grasses. Soil water content, soil temperature, and
PAR were measured biweekly throughout the 1977 growing
season.
Herbage yields, soil water content, soil temperature and PAR
were analyzed by using standard analysis of variance procedures.
Where appropriate, treatment means were separated by Duncan’s
new multiple range test.
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Results and Discussion
Environmental conditions were conducive for common broomweed germination during the fall of 1976 and spring of 1977. Early
fall, winter, and spring precipitation exceeded the long-term average for our study area (Fig. I). Consequently, the water content (%)
in the soil profile was sufficient for germination and emergence of
common broomweed at the time of herbicide application in the late
fall, mid-winter, and late spring. Soil temperatures apparently
were warm enough to insurea physiological response of the annual
forbs that were growing at the time of herbicide application.
All of the herbicides tests, except 2,4-D and tebuthiuron at 0.14
kg/ ha, reduced common broomweed production when compared
to the check treatments (Table 1). Dicamba and picloram plus
2,4,5-T effectively controlled broomweed when applied at all rates
(0.14 to I. 1 kg/ ha) but control from tebuthiuron was erratic. There
were no differences in broomweed production among tebuthiuron
treatments applied at rates of 0.14 to I. 1 kg/ ha; however, rates of
0.28 and 1.l kg/ ha produced significantly less broomweed than the
check.
Time of herbicide application (late fall to late spring) was irrelevant, if environmental
conditions allow germination, seedling
establishment, and growth (Table 2). Application of effective herbicides significantly reduced broomweed production and significantly increased grass production regardless of the application

2.5

0

Fig. 1. Average normal monthly precipitation for Quanah. Hardeman
County, Texas (Mitchell 1977) and actual monthluprecipitation on the
study site August, 1974, through August, 1977.

date. We agree with Heitschmidt (1979), however, that if environmental conditions are not conducive for common broomweed
infestations during the fall, winter or spring, the spray date would
become important. As noted by Scifres et al. (1971) and Gordon
(1982), the most appropriate time for spraying common broomweed would be mid-April to mid-May (prior to umbel formation)
because natural attrition is high during dry winters and spring.
Production of desirable forbs (exclusive of ragweed) was
reduced by all herbicides used to control broomweed except tebuthiuron (0.14 and 0.28 kg/ ha) and dicamba (0.14 kg/ ha) (Table 1).
Forb production was reduced regardless of herbicide application

Table 1. Production (kg/ha) of grasses, forbs (excluding broomweed and &weed, broomweed, and ragweed fouowing herbicide application in the winter
and spring of 1977. Since herbicide application date did not significantly affect (pIO.05) herbage production, the data were pooled. Herbrge yields were
obtained August, 1977.

Herbicide
application rate
(kg/ ha)
0
.I4

Herbicide
Check
Dicamba

.28
.ss
I.1
.14
.28
.ss
1.1
2.2
.14
.28
.ss
1.1
.14
.28
.ss
1.1

2,4-D

Picloram

+ 2,4,5-T

Tebuthiuron

‘Means
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within a column

followed

Grass

Forbs

Broomweed

Ragweed

Total

1064gh’
IS29 defg

492 a

719 ab

1011abc

3286 a

465 ab
232 de
185 e
188 e
268 cde
273 bcde
279 bcde
219 fe
157e
207 de
106e
165 e
141 e
449 abc
394 abed
299 bcde
109 e

90d
12 d
4d
45 d
770 a
716 ab
594 ab
648 ab
483 abc
66 d
23 d
2d
Od
417 bc
267 cd
422 bc
178 cd

741 bcde
515 cdef
250 def
27 ef
892 abed
1246 ab
1061 abc
443 cdef
201 def
295 def
1lOef
Of
3f
1452 a
1280 ab
647 bcdef
660 bcdef

2825
2270
2298
2135
3248
3255
2976
2764
2897
2222
2694
2524
2456
3264
3218
2996
2949

1511
1859
1875
1318
1020
1042
1454
2056
1654
2455
2357
2312
946
1278
1628
2002

defg
bcde
bcde
fgh
gh
gh
efgh
bc
cdef
a
ab
ab
h
fgh
cdef
bed

ab
b
b
b
a
a
ab
ab
ab
b
ab
ab
ab
a
a
ab
ab

by similar lower case letters are not significantly different (EO.05).
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Table 2. Influence of herbicide application date on production (kg/ha) of
herbaceous plants on a sandy loam range site in north central Texas.
Treatment date

Grasses

Forbs

Broomweed

Ragweed

12-7-16
I-27-77
5-12-11

1495 aI
1602 a
1616 a

245 a
285 a
243 a

354a
312 a
248 a

729 a
729 a
399 b

1Means within each column followed by similar lower case letters are not significantly
different (EO.05).

date.
Because of the wet spring in 1977, ragweed became a major
component of the plant community. However, the ragweed infestations were effectively controlled with picloram plus 2,4,5-T(O. 14 to
1. I kg/ ha), 2,4-D (2.2 kg/ ha), and dicamba (0.55 and 1.1 kg/ ha).
Since ragweed is a perennial and did not begin growth until in the
spring, it was controlled only by late spring application of
herbicide.
Grass production following common broomweed and ragweed
control was significantly increased (Table 1) in the picloram (0.14
to 1.1 kg a.e. / ha), tebuthiuron (0.55 kg a.i. / ha), dicamba (0.55 and
I. 1 kg a.e./ ha), and 2,4-D (2.2 kg a.e./ha) treatments. Grasses
responding to broomweed control primarily included sideoats
grama, buffalograss, blue grama, threeawns, Arizona cottontop
[Digitaria calijornicu (Benth.) Henr.], tumble windmillgrass
(Chloris verticillura Nutt.), sand dropseed, Texas wintergrass
(St@ leucotricha Trin. and Rupr.), gummy lovegrass (Erugrostis
curtipedicellata Buckl.), and fall witchgrass [Leptaloma cognatum

(Schult. Chase]. Time of herbicide application made no difference
in grass production. Average grass production was increased
approximately 1.5-fold following broomweed control and up to
2.3-fold when both broomweed and ragweed were controlled.
There were no significant differences in water content and
temperature in the upper 60 cm of soil relative to treatment
throughout the growing season in 1977. Shading by the taller
weedy species did not alter the soil temperature sufficiently to
adversely affect production of desirable forage species.
Incident PAR was significantly attenuated by the taller noxious
weeds, broomweed, and ragweed. Quantity of light reaching the
grasses was consistently higher in all herbicide treatments that
controlled both broomweed and ragweed. Treatments that controlled the broomweed and ragweed had 80 to 100% of PAR
reaching the understory grasses during the growing season. Whereas, grasses in the check plots received only 50 to 72% of PAR
(Fig. 2). Amount of light reaching the grass in the picloram plus
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Fig. 2. Effect of broomweed control on PAR (e l me2 l sec.‘) impinging
upon understory grosses. 7here were not significant dtfferences (p10.05)
among herbicide treatments that controlled common broomweed and
full sunlight. PAR reaching the gross level was signtj?contly (PSO.05)
attenuated by the broomweed in the check treatments.
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Date
Fig. 3. Trendof soil water content fi)ot 4 depths throughout thegrowing
season in 1977. There were no significant dyferences (p10.05) among
bromweed-infested and broomweed-free areas, therefore, the data were
pooled.
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2,4,5-T treatments approached full sunlight by August, correlated
with a high degree of control of broomweed and ragweed.
Although PAR reaching the understory vegetation (grasses)
increased with control of broomweed and ragweed, control of both
species was not necessary to increase PAR reaching the grasses
(Table I, dicamba applied at 0.28 kg/ha). The decrease in PAR
available to the grasses between late May and late June can be
attributed to the density of annual broomweeds. As soil water
became limiting (Fig. 3), the density of broomweed decreased,
allowing more PAR to reach the grass by early July. After the
plants formed the umbel or “broom”, the quantity of PAR available to the grasses again declined. These data suggest that lack of
PAR may be the major environmental factor limiting grass production in dense stands of tall weeds. Fisher et al. (1959) reported
similar results indicating that average production of buffalograss
growing under heavy to dense shade was reduced by at least 50%.

Management Implications
Since annual broomweed is a periodic problem on Texas rangelands, the cost of controlling(or not controlling) this noxious plant
must be weighed against the multiple year effect of its occurrence.
These effects include reduced calf crop, reduced weaning weights,
reduced accessibility to available forage, and increased incidence
of “pink eye” in cattle (Kothmann and Rittenhouse 1980).
Direct benefits the year of control include increased grass production, which is translated into increased carrying capacity.
Although one probably cannot increase stocking rate following
broomweed control, reduction of stocking rate would not be necessary with broomweed control. Assuming 13,244 kg of herbage per
year (18 kg/day) is required to carry an animal unit in the Rolling
Plains of Texas, the carrying capacity on broomweed infested
ranges averaged 12 ha/ AUY (animal unit year). Control of common broomweed and the increase of grass production (IS-fold)
would increase the carrying capacity to 8 ha/ AUY. Control of both
common broomweed and ragweed (accompanied by a 2.3-fold
increase in grass production would increase the carrying capacity
to 5 ha/AUY.
If common broomweed is not controlled during the years in
which infestations reduce grass production, one conceivably would
have to reduce the stocking rate by a third to avoid damaging the
range resource. Reductions up to 50% would also become necessary if both broomweed and ragweed infestations become a prob-
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lem. Control of annual weeds that occur as a result of climatic
conditions usually will not improve range condition, but will allow
greater forage production.

Beck, D.L., and R.E. Sosebee. 1975. Fall application of herbicides for
common broomweed control. J. Range Manage. 28:332-333.
Fisher, C.E., C.H. Meadors, R.Bebrens, E.D. Robinson, P.T. Marion,and
H.L. Morton. 1959. Control of mesquite on grazing lands. Texas Agr.
Exp. Sta. Bull. 935.
Gordon, R.A. 1982. The ecology and control of common broomweed.
Ph.D. Diss. Texas Tech University, Lubbock.
Haas, R.H. (Project leader). 1975. Control of annual weeds, p. 14-24. In:
Range Science Department annual report to E. Paul and Helen Buck
Waggoner Foundation. (Texas A&M University, College Station).
Hans, R.H. (Project leader). 1976. Control of annual weeds, p. 18-23. In:
Range Science Department annual report to E. Paul and Helen Buck
Waggoner Foundation (Texas A&M University, College Station).
Heitscbmidt, R.K. 1979. Relative annual broomweed abundance as related
to selected climatic factors. J. Range Manage. 32401403.
Jacoby, P.W., R.K. Heitscbmidt, and C.H. Meadors. 1980. Late season
control of annual broomweed with herbicides, p. 28. In: D.N. Ueckert
and J.E. Huston (eds.), Rangeland Resources Research. Consolidated
Prog. Rep. 3665. Texas Agr. Exp. Sta., College Station.
Jones, V.E., J.H. Brock, C.H. Meadors, and C.E. Fisher. 1977. Western
bitterweed and annual broomweed control with a picloram and 2,4,5-T
mixture Southern Weed Sci. Sot., Proc. 30:247-251.
Kothmann, M.M., and L.R. Rittenbouse. 1980. Texas broomweed reduces
calf production, p. 54. In: D.N. Ueckert and J.E. Huston (eds.), Rangeland Resources Research. Consolidated Prog. Rep. 3665. Texas Agr.
Exp. Sta., College Station.
Lofton, K.T., E.R. Blakley, and M.L. Dixon. 1972. Soil survey of
Hardeman County, Texas. Soil Conserv. Ser., U.S. Dep. Agr. Washington, DC.
Mitchell, D.B. (Dire&or). 1976. Climatological data, Texas. National
Oceanic and Atmospheric Administration. U.S. Dep. Commerce.
Asheville, North Carolina. 8 l(l3):7.
Mitchell, D.B. (Director). 1977. Climatological data, Texas. National
Oceanic and Atmospheric Administration. U.S. Dep. Commerce.
Asheville, North Carolina. 82:(13):7.
Rittenbouse, L.R., J.S. Biuntzer, and M.M. Kotbmann. 1977. The influence of common broomweed on plant and animal production. Research Center Tech. Rep. No. 77-l. Texas A&M Univ. Agr. Res. Ext.
Center, Chillicothe-Vernon. I9 p.
Scifres, C.J., R.R. Hahn, and J.H. Block. 1971. Phenology and control of
common broomweed on Texas ranges. J. Range Manage. 24:370-373.

JOURNAL OF RANGE MANAGEMENT36(4). July 1983

Interception of Rainfall by Tarbush
JOHN M. TROMBLE

Abstract
The objective of this study was to determine the interception by
tarbush of artificially applied rainfall. Twelve tarbush shrubs were
collected near Las Cruces in southern New Mexico to obtain a
representative sample of shrub size classes. Simulated rainfall was
applied at the rate of 6 cm/hr for 30 min. Canopy cover of the
tarbush community was determined from 10 line intercept transects 30.48 m long. A stepwise regression analysis using the minimum Rz improvement technique was used to examine the effects
of plant parameters on interception. The“best”one variable model
was shrub green weight, which accounted for 75% of the variability
of the intercepted rainfall. Extrapolating the calculated intercep
tion of art&ally applied rainfall to the native stand of tarbush
with 15.2% canopy cover indicated that 0.5 mm of rainfall would
be intercepted from a 30 mm rainfall event. Disregarding rainfall
events of less than 3.0 mm, an average of 8.5 mm of rainfall would
be intercepted by the tarbush community or 6.7% of the average
rainfall from May through October.
The hydrologic cycle has been the subject of much research
because of its importance in arid land ecosystems and is probably
the best known of the abiotic cycles. Interception, a processaffecting the disposition of water in the hydrologic cycle, can be defined
as the process of aerial redistribution of precipitation by vegetation
(Collins 1970). Although some information is available (Zinke
1966, Helvey 1967, Helvey and Patric 1965) concerning interception by trees, there is a general paucity of information on interception by arid and semiarid rangeland shrubs. Some reasons for this
lack of information may be the small, inconspicious stature of
shrubs when compared to trees and also, the vegetation cover is
often less than SO%, giving the appearance of individual plants
rather than a solid block as would a dense stand of trees.
The few studies available on interception by shrubs indicated
that saltbush (Atriplex argenteu Nutt.) 46 cm high and in full
bloom occurring in dense stands intercepted 50% of a 150 mm rain
applied in 30 minutes; burning bush (Kochiuscoparia [L] Schad.)
76 cm high intercepted 44% (Collins 1970). Hull (1972) and Hull
and Klomp (1974) using IO-cm diameter gages determined interception for dense stands of big sagebrush (Artemisia tridentata
Nutt.) for 2 locations in Idaho. Rainfall amounts from gages
placed in heavy brush and brush-free areas were compared. The
heavy brush intercepted about 30% of the rainfall between April 1
and October 30. The potential interception per rainfall event was
determined to be 1.0 mm by spraying 10 individual plants with
water. Rowe (1948) and Hamilton and Rowe (1949) reported that
interception amounted to about 8% of the annual rainfall for the
chaparral type in central and southern California.
West and Gifford (1976) determined mean interception rates of
individual plants of big sagebrush and shadscale (Atriplex confertifoliu [Torr. and Frem.] Watts) to be 1.5 mm forboth species when
averaged over 3 sampling dates and 2 intensities. Utilizing this
information and the average rainfall for April 1 to November 30
for northern Utah, but ignoring storm events less than I.5 mm,
they determined an average of 5.9 mm of rainfall to be intercepted
by big sagebrush and shadscale communities. This amounted to
approximately 4% of the total precipitation which fell as rain.
Author is research hydrologist, USDA, Agriculture Research Service.
Manuscript received January 25, 1982.
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The objective of this study was to examine interception of artificially applied rainfall by tarbush (Flourensiu cernua DC) for elucidating and improving the understanding of this phenomenon in
hydrologic processes. Tarbush occurs on 13.25 million acres of
rangeland in the United States. (Platt 1959).
Methods
The interception studies were performed near Las Cruces in
southern New Mexico. Twelve individual plants were subjected to
simulated rainfall from a sprinkling type rainfall simulator. Rainfall intensity was 6 cm/hr for 30 min. This high intensity was
selected to insure that water loss by evaporation would be minimized since we were interested in actual rainfall interception and
storage on the canopy. Parameters determined for each shrub
included: (I) crown cover, (2) shrub height, (3) shrub green weight,
(4) green weight of stems, (5) oven-dry weight of stems, (6) green
weight of leaves, (7) oven-dry weight of leaves, (8) number of stems,
(9) leaf area, and (IO) shrub volume. The shrub crowns were
elliptical rather than circular in shape thus both maximum and
minimum diameters were measured for determining crown area.
After the measurements of crown area were made the shrub was
severed at the soil surface, transported to the laboratory, weighed
on a beam balance, and subjected to simulated rainfall. After 30
minutes the shrub was reweighed and the difference in weight
recorded as intercepted rainfall. Leaves were stripped from the
stems and the leaf area determined using a leaf area meter. Green
weight of leaves and stems was measured and the leaves and stems
oven-dried at 60” C for 24 and 48 hours respectively, and then
reweighed to determine oven-dry weight. Crown cover was determined using the equation for an ellipse. Shrub volume was calculated by multiplying crown area by shrub height.
The average crown cover of the tarbush community was determined from 10 line intercept transects 30.48 m long. Utilizing the
interception storage data determined from individual shrubs and
data from the line transects, rainfall interception was calculated for
the tarbush community.

Results and Discussion
Measured interception of simulated rainfall by tarbush was 3.0
mm. This amounted to 10% of the applied rainfall. A stepwise
regression analysis using the minimum R2 improvement procedure
(1979) was used to examine the effects of plant parameters on
interception. This method determines the “best” one-variable
model, the “best” two-variable model, and so forth for describing
the influences of the measured plant variables on the water intercepted. The best one variable model (R2c.75) was shrub green
weight, which accounted for 75% of the variability of the intercepted rainfall (Fig. I). A further example is the three variable
model (R2=.89) which accounted for 89% of the variability. This
model includes shrub green weight, crown area, and stem dry
weight.
Aston (1979) reported the canopy storage capacity to be the
most important plant parameter in the interception process. Leonard (1965) reported that storage capacity is a function of leaf area,
leaf area index, storm intensity, and surface tension forces resulting from leaf surface configuration, liquid viscosity, and mechanical activity. Canopy storage can be expressed either as depth (mm)
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of water per crown projection area on the soil surface or as depth of
water per unit area of the representative
plant community.
The change in water detained on the plant canopy, assuming
zero evaporation,
has been described by Aston (1979) as:

to be 15.2% from 10 line transects 30.48 m long at the site from
which the shrubs were selected for this study. Thus, given a storm
of sufficient volume and intensity to completely wet these shrubs,
they would intercept 3.0 mm of rainfall. Extrapolating the calculated interception of artificially applied rainfall to the native stand
of tarbush with 15.2% crown cover indicated that approximately
0.5 mm of rainfall would be intercepted from a 30 mm rainfall
event. The annual average precipitation for the experimental site is
230 mm. Approximately 55% or 126 mm of this amount is received
from rainfall events of varying amounts and intensities during the
summer when the tarbush is in full leaf and has maximum interception potential.
The intercepted precipitation would be held above the soil surface in proportion to the amount of canopy cover and would be
subjected to evaporative losses at a rate exceeding that of the soil
surface. There was an average of 17 events greater than 3.0 mm that
occurred each year from May 1 to October 31 from 1970 to 1980
based on National Oceanic and Atmospheric Administration
records. Disregarding rainfall events of less than 3.0 mm an average of 8.5 mm of rainfall was intercepted by the tarbush community. This amounts to 6.7% of the average rainfall from May through
October.

*=(I-p)R-exp(a+bC)
where:
a = empirically determined constant
b = empirically determined constant
C = quantity of water detained on the canopy
R = rainfall intensity
p = proportion of rainfall passing through the canopy
T = time.
It was considered that the leaves were the major plant tissues
intercepting
water and it would be the depth of water on the leaf
surface which determines the rate of water loss. Interception storage capacity is a function of the amount and configuration
of the
intercepting
leaf surfaces and the storage is linearly related to the
leaf area. Under field conditions and natural rainfall the amounts
of intercepted water would be influenced by wind and this would
need to be assessed. The impact of raindrops may influence water
flow across the leaf surface and also the leaf angle. These factors,
plus others which may influence the balance of leaf surface tension

forces with gravitational
leaves.

forces, will all effect water storage on the

Total interception
loss is far from an insignificant quantity of
water (Helvey and Patric 1965). Losses are proportionally
smaller
in regions of lower rainfall when compared to regions of higher

rainfall, but losses may be more important in arid regions simply
because less water is available. The amount of precipitation
received from individual rainfall events is characteristically small
in arid regions. Interception would unquestionably subtract a
relatively large proportion of the total amount of rainfall received
from these events.
The crown cover of a native tarbush community was calculated
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Dog Predation of Domestic Sheep in Ohio
BRIAN J. BLAIR AND THOMAS W. TOWNSEND
Abstract
Questionnaires were mailed to 300 sheep producers in Ohio
during spring 1979, and 218 returns were analyzed. Predation
losses from dogs averaged 1.3% of the sampled sheep for a minimum statewide cost of s836,OOOin 1978. Pbysiographic region,
month, flock size, and management technique had no significant
effect on number or percent killed per flock. Most attacks (PCO.02)
occurred at night and morning, and ewes were more vulnerable
than lambs or rams (ZVO.005).
Dogs can cause serious losses to livestock (Denney 1974). Balser
(1974) and Bogess et al. (1978) reported that the dog presents an
analogous problem in the East to the coyote in the West. In 1973,
$175,016.51 was paid for livestock loss from dogs in Ohio (Grimshaw 1974). Predation upon sheep by dogs was most common, but
losses of other livestock were also reported (Getz 1975). Our study
was designed to determine the magnitude of depredation by dogs
on sheep in Ohio during 1978, and to describe the relationship
between depredation and physiographic region, land use, management techniques, flock size, season, and time of day.
Methods
Questionnaires were mailed to 300 of 12,000 sheep producers in
Ohio during spring 1979. Counties and producers were randomly
selected from the mailing list of the Mid-State Wool Growers
Association. Producers were asked for numbers of sheep and
lambs in 1978; whether flocks were confined, seasonally confined
or on range; number of sheep killed by dogs; and time and day of
attacks. Explanatory cover letters, postage paid return envelopes,
and three follow-up mailings were used to maximize response rate
(Dillman 1978). Ohio was divided into five regions based on physiography and land use (Fig. I). Analysis of variance and X* were
used to compare data at critical value 0.05.
Results and Discussion
Questionnaires were returned by 265 (88%) producers. Fortyseven respondents had no sheep in 1978, and their questionnaires
were not used. Five (2%) respondents managed confined flocks, 56
(26%) had sheep on range and 156 (72%) confined their flocks only
during inclement weather; 1 respondent did not note management.
Forty-one producers (19%) lost 268 sheep (I .3% of total sample) to
dogs. Flocks with predation losses had an average kill of 6.5 sheep
(12%) (Table 1). Sixty-one percent of sheep killed by dogs were
ewes, 38% were lambs and 1% were rams; these percentages were
significantly different from expected. Cain et al. (1972) cite a study
by Nielson and Curle (1968) done in Utah showing that of losses to
coyotes lambs constituted 66% and ewes 33%. Lambs may have
been less vulnerable in our study due to more attention by producers during and following lambing than at other times. Early marketing of lambs may have also reduced predation.
Authors are honors student in wildlife management and associate professor, Division of Fisheries and Wildlife Manaaement. School of Natural Resources. Ohio State
University, Columbus 43210; Towns&d isaisoassociateprofessor,
Ohio &ricultural
Research and Development Center, Wooster 44691.
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Fig. 1. Ecological regions of Ohio.

In 1978, 12,000 sheep producers held 350,000 sheep in Ohio.
Thus, estimated sheep killed by dogs in Ohio during 1978 totals
2,776 ewes, 1,729 lambs, and 46 rams. Sheep losses to dogs in 1978
cost at least $836,000 based on an average value of commercial
stock of $220 per ewe, $120 per lamb, and $400 per mm. This
estimate is conservative because purebred sheep are more valuable
than the averages we used.
Number of sheep killed per flock and predation rates did not
differ between regions or management strategies. Dorrance and
Roy (1976) found coyote predation of sheep in Alberta varied
between ecosystems. Dorrance and Roy (1976) also determined
that confined flocks suffered the highest losses from coyote predation and presumed that this was because the sheep could not
escape.
Flocks were damaged during all months (Fig. 2), and no seasonal pattern emerged. Monthly and seasonal losses did not
deviate significantly from expected. Bogess et al. (1978) found a
similar chronology of sheep losses to dogs in Iowa. Flock size and
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Fig. 2. Monthly chronology of sheep losses to dogs.
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Table 1. Dog predation of domestic sheep in Ohio (1978).

Physiographic

Producers in sample
Mean flock
Mean killed per flock
Mean % killed per flock
Number of damaged
flocks
Mean killed per
damaged flock
Mean % killed per
damaged flock

Regions Combined

Region

I

2

3

4

34
140 f
56’
I.0 f
0.44
1.7 f
0.39

16
108
162 f
1.9
2.3 f
I.4
4.9 f

79
86 f
II
1.2 f
0.48
I.8 f
0.17

45
72 f
10
0.34
0.62 f
1.6 f
0.28

44
60 f
9
1.7 f
0.62
2.9 f
0.39

218
92 f
13
1.2 f
0.07
2.2 f
0.50

9

2

12

7

II

41

3.9

f

1.3

I8

f

I2

7.8

f

2.4

6.7

f

2.9

39

f

34

I2

f

2.8

5

f

1.8

6.8

f

1.8

6.5

f

I.1

IO f

4.6

II

f

3.0

I2

f

0.8

4.0

‘Standard error

Literature Cited
number killed were not significantly correlated (Ra=O.O3).
Incidences of dog kills were reported as 18 morning, 1 I midday,
6 evening, 14 night, and 2 unknown.
Differences were almost
significant (-0.06)
with four categories, and significant when

morning plus night and evening plus midday were tested. Cause of
the problem was considered by 54% of respondents to be both stray
dogs and local pets, by 26% to be strays, and by 20% to be pets.
Dogs responsible were described by 60% as German shepherds and
by 20% as large mongrels.
The problem of dog predation on livestock in the East has
received little research attention. Our work confirms that the problem is serious; increasing abundance of coyotes and coyote-dog
hybrids may worsen the situation. Further research to define more
clearly the problem is needed, and research on management practices that show nromise of alleviating _-predation impact should be
initiated.
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Predicting Soluble Nitrogen and Fibrous
Fractions in Crested Wheatgrass with NearInfrared-Reflectance Spectroscopy
Y.W. PARK, M.J. ANDERSON,

K.H. ASAY, AND 4.W. MAHONEY

Abstract
A near-infrared-reflectance (1R)spectroscopic method was evaluated for potential usage in predicting soluble N, total N and some
fibrous fractions in crested wheatgrass, Agropyron crktdum (L.)
Gaertn., A. uksertorum (Fisch. ex Link), et al.
The correlation coefficients (r) between IR and total N, soluble
N in 0.15N NaCl (N Sal), soluble N in 10% Burroughs Mineral
Mixture solution (NBMM), neutral detergent fiber (NDF), acid
detergent fiber (ADF), and acid detergent lignin (ADL) for 84
samples were 0.95,0.90,0.70,0.90,0.82,and
0.72, respectively.The
IR technique provided a closer estimation of total N and N Sal
than of NBMM in the calibration data. The mean solubility of N
Sal was higher than that of NBMM. High variation occurred
between the duplicate determinations of NBMM. The predictions
on 38 unknown samples by the equation developed using 84 calibration samples for mean, SED (standard error of difference),and
r were: total N, 1.01,0.04,0.98; N Sal, 0.43,0.04,0.90; NDF, 64.1,
0.96, 0.93, ADF, 36.2, 1.01, 0.91; and ADL, 5.24, 0.53, 0.62.
Predictions of fibrous fractions were highly satisfactory even
though the correlations were low.
Correlations between chemical determinations of total N and N
Sal, NBMM, NDF, ADF, ADL were 0.89, 0.53, -0.13, -0.33,
-0.08, respectively. Significant differences (X0.01) were found
among crested wheatgrass species for all nitrogenous and fibrous
fractions measured. Differences among clonal lines within species
were also significant (P<O.OS or 0.01) for all determinations indicating that opportunities are available to improve the nutritional
value of crested wheatgrass through selection.
Physical properties of proteins in feeds may be indicative of their
feeding values for ruminants (Little et al. 1963). Soluble nitrogen in
purified proteins is positively correlated with the degradation of
nitrogenous material in the rumen (Blackburn 1965, Henderickx
and Martin 1963).
Recently developed near-infrared-reflectance
(IR) techniques
have been used to determine moisture content in grains and seeds
(Norris and Hart 1965, Ben Gera and Norris 1968); crude protein
(CP) and oil concentration in soybeans, cornand oats (Hymowitz
et al. 1974, Rinne et al. 1975); total reducing sugars in tobacco
(McClure et al. 1976) nutritve qualities of forages (Norris et al.
1976, Shenk et al. 1979); and neutral detergent fiber (NDF) in
breakfast cereal (Baker et al. 1979).
Norris et al. (1976) reported correlation coefficients (r) between
chemical determinations and IR predicted values of 0.99 for CP,
Authors are postdoctoral research associate, Department of Nutrition and Food
Sciences, Utah StateUniversity, Logan 84322; research animal scientist, USDA-ARS,
Logan 84322; research geneticist,_USDA-AR& Logan 84322; and professor, Depanment of Nutrition and Food Sciences, Utah State University.
Research involved cooperative investigations of the USDA-ARS and Department
of Animal, Dairy and Veterinary Sciences, Utah State Univenity, Logan, Utah 84322.
This report ISapproved as Utah Agricultural Experiment Station Journal Paper No.
2761.
The authors wish to thank Dr. J.L. Walters for his assistance in statistical analysis
and lo Dr. P.V. Fonnesbeck for the use of his laboratory facilities for the chemical
analysis.
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0.98 for NDF, 0.96 for acid detergent fiber (ADF), 0.96 for lignin,
0.95 for in vitro dry matter disappearance, and 0.88 for dry matter
digestibility determined in vivo.
The percentages of soluble N in most forages exist in relatively
minute quantities. The feasibility of using IR instrumentation to
estimate soluble N in forages has not been studied to date. The
application of IR in predicting fibrous fractions in crested wheatgrass Agropyron cristatum (L.) Gaertn., A. desertorum (Fisch. ex
Link) et al. also is untested. The objectives of this study were: (I) to
determine the correlation between IR predicted values and chemical determinations of total N, soluble N, and fibrous fractions
(NDF, ADF, and ADL) in crested wheatgrass; and (2) to estimate
the amount of genetic variability in a crested wheatgrass breeding
population for chemical and physical entities measured under
objective 1.
Materials and Methods
Field Plots and Sample Preparation
Seven clonal lines from each of six sources of crested wheatgrass
(1) A. Sibiricum (Willd.) Beauv.; (2) A. cristatum var. ‘Fairway’;
(3) A. cristatum, induced tetraploid (128); (4) A. cristatum, collected from Iran by D.R. Dewey (Dewey and Asay, 1975); (5) A.
desertorum; and (6) the A. cristatum (128)X A. desertorum hybrid
we included in the study. The field design was a randomized
complete block with two replications. Individual plots consisted of
two plants which were established from vegetative propagules on
0.5 X 0.9 m spacings on April 6, 1977.
The soil was a member of the fine-silty, mesic family of calcic
argiherolls. Annual precipitation was 380-430 mm (15- 17 in.). In
September 1978, 56 kg/ ha of N fertilizer was applied. The forage
was harvested July 3 and 5, 1979, and air dired in a greenhouse at
about 38OC. Samples for analyses consisted of a composite of the
two plants in a plot. After drying, the samples were ground first in a
Wiley mill’ (l-mm screen), then in a cyclone mill, and stored in
plastic bags. Duplicate chemica! determinations were subsequently
made on each sample.
Chemical Analysis of Soluble N
A modified method of the Crooker et al. (1978) procedure was
used for soluble N analysis. A 2.5 g sample containing about 50 mg
of nitrogen and 100 ml of solvent preheated to 400 C was poured
into a 250 ml screw cap polycarbonate Erlenmeyer flask (Corning
No. 25600) and the flask was placed in an electric shaker (Eberbach, Ann Arbor, Mich.). After 2-hours incubation in a constanttemperature mechanical shaker at 400 C, the sample-solvent
suspension was filtered through filter paper (Van Walters & Rogers, White, Crepe 11 cm), placed in a Fisher Filtrator funnel
(Coors, U.S.A.) with a water aspirator system. fifty ml of the
filtered extraction was put in a 50-ml plastic centrifuge tube and
centrifuged at 1400 X g for 15 minutes. The 50 ml of filtrate was
IMention of brand names does not constimte endorsement by Utah State University
nor the U.S. Department of Agriculture in favor of other products that are equally
suitable.
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decanted into a Kjeldahl flask for macro-Kjeldahl
for total soluble N.

determination

Na Cl Solution (J=O. 15)
Sodium chloride solution with an ionic strength (j) of Oil 5 (0.15
N) was made by dissolving 87.66 g NaCl in 10 liters of distilled
water. The final pH of the solution was 6.3

10% But-rough Mineral Mixture Solution (5~2.11)
Burroughs mineral mixture (BMM) was formulated from 12
mineral salts according to Burroughs (1950).
Salts go into solution easier if added in the specific order described by Crooker et al. (1978). After the addition of CaCb.2Hs0,
C& was introduced by putting dry ice in the solution, until it
became clear. If necessary, (NH&SOI can be replaced by NasSOd
on an equimolar basis (20.155 g) for modified Burroughs mineral
moisture solution. When all salts were dissolved, the solvent was
adjusted to pH 6.5 with 85% ortho-phosphoric acid.
Fiber Analyses
Percent neutral detergent fiber (NDF) was determined by using
the procedures of Van Soest and Wine (1967) and Goering and Van
Soest (1970). Percent acid detergent fiber (ADF) and acid detergent lignin (ADL) were determined by the method of Van Soest
(1963), in which the ADF measurement is the major preparatory
step for ADL determination.
Statistical Analyses
Analyses of variance were computed as a randomized complete
block with clonal lines nested within species. Species and clones
within species were considered as fixed and replications as random
effects. Therefore, any interpretations of the data should be limited
to the crested wheatgrass populations studied herein.
Infrared Reflectance Analysis and Instrumentation
The instrument used was a Neotec 6100 prism-grating monochromator interfaced to a Digital computer (PDP-1103)‘. The dry
granular samples were packed in a sample holder covered with an
infrared transmitting quartz window and illuminated with the
monochromatic radiation that was diffusely reflected through the
quartz window for about 1 minute. The reflectance curves were
detected by lead-sulfide cell detectors equally spaced around the
Table 1. Nitrogenous and fibrous fractioos

Results and Discussion
Chemical Data
Nitrogenous Fractions
Significant differences were found among the crested wheatgrass
species in concentrations of total N and both soluble fractions
(Tables 1 and 2). Total N ranged from 0.94 to 1.12%, which is
equivalent to 5.88 to 7.00% total protein. The cultivar, Fairway,
had the highest total N and soluble N in NaCl (N Sal) and the
induced tetraploid (128), A. cristatum had the lowest total N and N
Sal contents. This is not surprising as Fairway is leafier than the
other entries. On the other hand, the induced tetraploid is more
robust and somewhat coarser than its Fairway progenitor.
The clone within species source of variation was also significant
for total N and soluble N components. From a plant breeding point
of view, this is encouraging because it indicates that genetic variability is available for selection purposes. Additional data involving
more environments (years, locations, and management systems)
would be needed to verify this point, however.
There was a significant correlation (r=0.89**) between total N
and N Sal, but a comparatively low correlation (r=0.53**) between
total N and soluble N in BMM (NBMM) (Table 3). Thecorrelation
between the two soluble N fractions was 0.65**. Substantial differ-

in th forge of 6 crested wheatgrass species.

Total
N

Species

incident beam. The signal from the detectors was amplified with a
logarithmic-response
amplifier, digitized and fed to the digital
computer. The wavelength range from I100 to 2500 nm was
scanned at every 2 nm width of the reflectance curve. All reflectance readings were referenced to a ceramic standard that had been
characterized by the National Bureau of Standards for reflectance
in the near-infrared region. The spectral reflectance (R) curves
were recorded as the second derivative of the original log (l/R)
absorption curve because it has generally given the highest correlation for the relative chemical composition (Norris et al. 1976).
The chemical analysis and spectral data were subjected to a
stepwise multiple-linear regression analysis to determine to optimum wavelengths for prediction equations. The computer was
programmed to predict IR values based on spectral data and
subsequently to give the correlation (r) between the 2 methods of
measuring the variables.

Nitrogenous fraction
Soluble N
NaCl
BMM

DFF

Fibrous fraction
ADF

ADL

-%A. sibricum

Range
Mean

A. cris. (Fairway)

Range
Mean

1.04-1.56
1.11

0.39-0.54
0.41

0.31-0.57
0.38

62.1-68.3
64.4

32.5-39.4
37.1

4.83-6.50
5.57

0.95-1.61
1.12

0.31HG4
0.44

0.19-0.63
0.34

60.1-66.1
62.8

32.0-36.3
34.3

3.88-5.65
5.19

0.85-1.10
0.94

0.29-0.42
0.35

0.17-0.36
0.27

60.5-65. I
63.8

33.6-36.8
35.4

3.86-5.62
4.88

0.96-1.39
1.10

0.34-0.47
0.39

0.19-0.47
0.32

57.1-67.2
63.6

36.8-41.67
38.4

4.8 I-7.26
5.99

0.86-1.29
1.00

0.28-0.41
0.39

0.19-0.41
0.32

59.4-67.9
64.9

32.440.6
37.2

4.49-6.57
5.29

0.98-1.40
0.99

0.32-0.51
0.37

0.26-0.43
0.28

56.1-65.7
64.0

3 1.1-37.9
35.8

4.08-6.20
4.96

0.08

0.05

0.05

A. cris. (128)

Range
Mean

A. cris. (Iran)

Range
Mean

A. desertorum

Range
Mean

A.

cris. (I

Range
Mean

28) X A. des.

LSD (.05)
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Table 2. Mean squares from analyses for variance of chemical determinations of forage quality in cnsted wheatgrass.

Nitrogenous fraction
Fibrous fraction

Soluble N

source

df

Total
N

NaCl

BMM

NDF

ADF

ADL

Species
Clones/ sp

5
36

0.085**
0.032**

0.015,
0.0062’

7.40*
I .35**

30.3**
9.62**

2.37.’
1.14**

Pooled error

41

0.01 I

0.0032

0.025**
0.013**
0.0041

2.76

I .85

0.129

*‘**‘Significant at 0.05 and 0.01 levels of probability. respectively.

ences existed in the solubility of N in the two solvents. The nitrogen
extracted from feedstuffs with salt solutions can be divided into
protein nitrogen and nonprotein nitrogen (NPN) fractions. The
NPN usually is characterized as free amino acids, nitrates, ammonia, and urea in some feedstuffs (Crooker et al. 1978). Solubility for
the protein and nonprotein fractions in crested wheatgrass could
differ between the two solvents. Although most nonprotein nitrogen sources in feedstuffs are readily soluble, solubility of the protein fraction is affected by several factors. These include degree of
agitation, length of extraction time, temperature of extraction, pH,
chemical composition, and ionic strength of the solvent (Lehninger
1970). The BMM solution is a mixture of at least I2 different
minerals some of which could interfere with solubility of N compounds, whereas the 0.15 N NaCl solution is isotonic with body
fluid and has less minerals to interfere with solubility of N
compounds.

high correlations agree with protein values reported by several
workers (Hymowitz et al. 1974; Norris et al. 1976; Shenk et al.
1979). The failure of the correlation to improve from 3 to 8 wavelengths indicated that the use of more than 3 wavelengths for
protein would not be warranted. Shenk et al. (1977) suggested that
the use of too many or too few wavelengths would produce an
overfit of the prediction equation resulting in a high standard error
prediction (SEP) in the calibration equation.
The correlation (r=O.90) for N Sal using 5 wavelengths was
substantially higher than for NBMM (~0.70). The predicted

Table 3. Correlations (r) among chemical determimtions of forage quality
in crested wheatgrass.
r

Soluble N
NaCl
BMM

Fibrous fractions
Differences among species means were significant for ADF
(KO.Ol), ADL (X0.01). and NDF (KO.05) (Table 2). Clones
within species differed significantly (X0.01) in all three instances,
suggesting again that genetic variability is available for improving
the forage quality of crested wheatgrass.
Total N and soluble N were negatively correlated with NDF,
ADF, and ADL (Table 3). The correlations among the nitrogenous
fractions were positive and significant. The positive and significant
correlations between NDF and ADF (r=O.55) and between ADF
and ADL (r=0.53) were probably associated with common variables as cellulose, hemicellulose, and lignin. The low correlation
between NDF and ADL (r=0.20) confirmed that NDF was not as
closely related to ADL as was ADF.
IR Predictions

and Correlations

Nitrogenous Fractions
The respective correlations

between IR and chemically determined values for total N of the 84 calibration samples and the 30
unknowns using 3 wavelengths were 0.95 and 0.98 (Table 4 and 5).
The IR predictions on the unknowns gave even more precise
estimations of total N than were obtained for the 84 samples. The

Total N
Soluble N
NaCl
BMM
NDF
ADF

0.89**’

‘*“*Significantat the

NDF

ADF

ADL

0.53**

-0.13

0.65**

-0.01
-0.25;
a.02
0.34** 0.15
-0.11
0.55** 0.20
0.53**

-0.33”

-0.08

0.05 and 0.01 level of probability, respectively.

means and SEDs were 0.39 and 0.032 for N Sal and 0.32 and 0.068
for NBMM (Table 4). The prediction of N Sal in the unknown

samples was satisfactory and was similar to the calibration data
the other hand, there was too much variation between
the duplicate determinations of NBMM. This variation contributed to the low r value. Therefore, the prediction of NBMM would
not be reliable and was not tested against unknowns.
Crooker et al. (1978) detected several feed-solvent interactions
during soluble N extractions showing that ionic species contained
the solvent affected the nitrogen extractions. The 0.15N NaCl
solution is much less complex in terms of ionic species than the IO%
BMM solution. Crooker et al. (1978), comparing the correlations
between soluble N in 3 mineral solvents [NaCl, BMM, and

(rzO.90). On

Table 4. Comparison of actual versus IR predicted values of total N, soluble N, NDF, ADF, and ADLfor the 84 creskd wheatgrass, calibration samples.

Nitronenous fraction
Total

No. of wavelengths

in NaCl

N

2

3

5

8

Fibrous fraction

Soluble N

Soluble N

in BMM
5

NDF

ADF

8

5

8

5

8

63.8
63.8

63.8
63.8

36.3
36.3

36.3
36.3

ADL
‘5

I

Mean (%I
Chemical
IR Predicted
SD
Chemical
IR Predicted

I .05
I .05

I .05
1.05

0.39
0.39

0.39
0.39

0.32
0.32

0.32
0.32

0.173
0.158

0.173
0.164

0.073
0.065

0.073
0.067

0.097
0.067

0.097
0.069

2.9 I
2.60

2.91
2.69

2.70
2.21

SED
r

0.070
0.91

0.055
0.95

0.032
0.90

0.028
0.93

0.068
0.70

0.066
0.73

1.29
0.90

I .09
0.93

1.52
0.82

5.31
5.31

5.31
5.31

2.70
2.35

0.85
0.60

0.85
0.63

I .30
0.88

0.58
0.72

0.54
0.76

SD.Standard deviation
SED Standard error of difference in residual values between chemical and IR predicted value.
r Correlation coefficient.
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Table 5. RedktIon of 30 unknown samples by the calibration quation.

Total N (3)
Sample

”
”
”
”
n
n
n
”
n
”
”
n
n
*
n
N
I
*
n
”
”
”
I
n
n
I
”
I

”

I
2
3
4
5
6
7
8
9
10
II
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Mean
SD’
SED

Numbers in ()
‘Redetermined
bRedetermined
SD: Standard
SED: Standard
r: Correlation

Soluble N in NaCl (2)

ADL (5)

Predicted

Actual

Predicted

Actual

Predicted

Actual

Predicted

Actual

Predicted

0.90
0.90
0.91
0.85
0.93
0.70
0.84
0.87
1.20
0.82
1.11
0.90
1.34
1.45
1.20
0.98
1.10
0.83
1.01
1.20
1.09
0.93
1.38
1.10
1.09
0.99
0.94
0.91
0.86
1.02

0.93
0.87
0.95
0.89
0.96
0.79
0.85
0.82
1.18
0.82
I .07
0.92
1.32
1.37
1.16
0.96
1.09
0.84
1.00
1.10
1.07
0.87
1.34
1.06
1.12
0.98
0.88
0.91
0.85
0.94

0.44
0.44
0.36
0.35
0.36
0.26
0.31
0.34
0.46
0.35
0.47
0.42
0.55
0.57
0.53
0.43
0.39
0.3 1
0.46
0.56*’
0.47
0.40
0.55
0.48
0.50
0.41
0.37
0.39
0.41
o.50*8

0.42
0.40
0.37
0.36
0.32
0.21
0.34
0.36
0.46
0.34
0.49
0.39
0.48
0.52
0.49
0.34
0.41
0.35
0.45
0.45
0.41
0.30
0.53
0.42
0.48
0.41
0.30
0.36
0.33
0.44

61.3
64.0*b
62.4
61.3
65.1
67.8
67.8
69.8
61.8
63.2
65.9
65.8
66.0
65.1
65.3
69.3
62.8
63.3
64.4
59.6
65.5
62.3
59.9
63.4
61.1
63.1
64.1
65.8
63.1
59.3*b

62.5
66.1
63.9
61.4
66.0
67.7
68.2
69.3
63.9
62.8
64.6
63.3
65.4
65.2
64.6
68.7
62.7
62.7
63.1
58.3
65.5
61.9
60.7
63.4
61.8
62.2
65.0
66.0
63.3
61.0

34.7
37.2
36.8
34.9
38.4
41.0
40.1
40.5
36.5
36.9
34.9
37.0
36.6
35.5
37.0
40.0
36.0
36.8
34.0
32.8
36.9
34.9
32.6
32.2
33.2
34.7
36.0
36.8
36.1
34.7

35.0
36.5
34.7
34.7
38.1
39.5
38.4
39.0
36.0
35.7
35.5
35.7
35.5
34.8
36.8
40.6
36.3
36.2
34.1
32.6
36.8
35.7
33.5
35.1
33.9
35.5
36.8
37.1
36.0
34.7

5.56
5.22
5.14
4.60
6.64
6.49
5.60
5.64
4.82
5.02
4.56
4.93
4.9 1
4.99
4.65
6.25
5.05
5.28
3.92
4.26
5.83
5.55
5.22
5.05
4.64
5.10
4.94
5.12
6.65
6.43

5.15
5.53
4.52
4.97
5.35
6.09
5.77
5.52
4.64
5.40
4.35
5.89
4.46
4.59
5.06
6.19
5.42
5.32
4.34
4.59
5.42
5.57
4.42
5.08
5.00
5.48
4.84
5.36
5.76
5.54

1.01

1.00
0.16

0.43
0.08

0.40
0.07

64.1
2.6

64.0
2.5

36.2
2.2

36.0
1.8

5.24
0.66

5.19
0.53

0.18
0.04
0.98
indicates the No. of
chemical values for
chemical values for
deviation
error of difference
coefficient.

0.04
0.87 0.9ti5’

1.01
0.91

0.96
0.93

0.53
0.62

wavelengths used.
sample 20 and 30 were 0.53 and 0.46, respectively.
sample 2 and 30 were 65.5 and 61.9, respectively.
between actual and 1R predicted values.

McDougal’s Artificial Saliva (MAS)] and soluble N from autoclaved rumen fluid (ARF), found the highest correlation (r~O.80)
with NaCl, while BMM and MAS were lower (~0.21 and 0.06).
Correlations between NaCl and ARF tended to increase for up to 4
hours, than dropped off after 6 hours extraction.
A 2-hour extraction time was used for both solvents to compare
the results on the crested wheatgrass in this study. If the NaCl
extraction had been extended to 4 hours, chemical data might have
been improved as indicated by Crooker et al. (1978) thus increasing
correlation between IR and chemical data. Sullivan (1969) suggested that differences exist between forages and concentrates in
the amount of nitrogen extracted by the solvents, primarily due to
the different types of nitrogen they contain. There is a relatively
high proportion of NPN in fermented forages and these N sources
are soluble in salt solutions. The N content of concentrates, however, is composed primarily of proteins whose solubility can be
affected by several factors such as protein sources and processing.
Chemical and IR predicted values of N Sal were very different
for 2 samples. The chemically redetermined values were much
closer to these predicted than were the original chemical values.
(Table 5).
Fibrous Fractions
Comparison of IR data among NDF, ADF, and ADL for the 84
calibration samples using 5 and 8 wavelengths shown are in Table
4. The r values at 5 wavelengths were 0.90,0.82, and 0.72, and the
SED values were 1.29, 1.52, and 0.58 for NDF, ADF, and ADL,
532

ADF (2)

NDF (3)

Actual

respectively. These data showed lower correlations and higher
SEDs than previous reports (Norris et al. 1976, Shenk et al. 1979).
Although the correlations between IR predicted and chemically
determined values of the fibrous fractions appeared low, the IR
prediction of the unknown samples provided satisfactory results
(Table 5). These results demonstrate that a low correlation does
not necessarily mean a poor prediction, especially in the cases of
ADF and ADL for these crested wheatgrass samples. The lower
correlations for ADF and ADL might be caused by: (1) the narrow
ranges of variation among samples (2) possible errors in laboratory
procedures, (3) possible changes in IR spectra due to interaction of
other chemical entities.
Differences in ADF and ADL fractions in the chemical analyses
depend on the type of feeds, species of plants, composition of cell
wall constituents, and variations of protein or carbohydrate artifacts during digestion. Some plants have relatively high levels of
acid insoluble ash, cutin, lignocellulose, hemicellulose and pectic
materials, which may differentiate or alter the IR spectra. Furthermore, Shenk et al. (1979) indicated that even if the analytical
method for measuring cell wall constituents is well defined (cellulose, hemicellulose and lignin), this may not be completely representative of the actual cell wall in plant tissue as measured by IR.
The NDF, ADF, and ADL are indirect indices of feed digestibility. If a feed contains a high amount of lignin, its digestibility is
considerably
reduced. Sullivan (1964) showed that grasses
exceeded legumes in apparent digestibilities of total dry matter and
fiber fractions such as crude fiber, true cellulose, alcohol-insoluble
JOURNAL

OF RANGE MANAGEMENT

36(4), July 1993

matter and nonprotein
alcohol insoluble matter. Van Soest and
Marcus (1964) have also‘observed
distinct differences of fiber
digestibility between grasses and legumes. They included empirical
fiber fractions of hemicellulose, cellulose, NDF, ADF, crude fiber.
It is suggested that chemical and digestibility differences between
grasses and legumes are great enough to significantly reduce the
accuracy of equations for predicting forage digestibility
with a
single IR equation.
The predictability
of NDF in the unknown samples was highest
among the three fibrous fractions.
It was interesting that the r
values for the unknown samples were continuously
increased from
0.88 to 0.96 as the number of wavelengths were increased to 8. This
outcome indicates that the use of higher numbers of wavelengths
may not create an over-fitting effect in certain cases, which is in
contrast to the report of Shenk et al. (1977).
Goering and Van Soest (1970) suggested that the neutral detergent procedure for cell walls can divide the dry matter of feeds near
the point that separates the nutritively available and soluble constituents from those which are incompletely available or dependent
on microbial fermentation.
Hence the IR predictions of NDF in
crested wheatgrass have a good potential for estimating nutritive
value. When unknown samples having chemical values that were
markedly different from IR predicted ones were re-analyzed, the
newly determined values were much closer to the predicted ones, as
seen in the case of N Sal.
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Composition and Quality of Mule Deer Diets
on Pinyon-Juniper Winter Range, Colorado
RICHARD

M. BARTMANN

Abstract
Estimates of botanical composition and nutritional quality of
mule deer diets on pinyon-juniper winter range in Piceance Basin,
Colorado, were based on forage selections of 8 tame animals. Diets
contained nearly all browse in early winter, but browse content
decreased and forbs increased as winter progressed until April
when consumption of new grass growth increased sharply. Dietary
crude protein levels were marginally adequate for body maintenance during much of the winter. Levels of dietary in vitro digestible dry matter were inadequate. Browse was considered critical to
winter survival of deer in Piceance Basin because it was the most
available forage in deep snow. Also, its nutritional value was
comparable or better than that of forbs and grasses selected by deer
except in April when new plant growth was available. In spite of
large variation in diet compositions, deer apparently selected forage mixes to maintain a consistent, although inadequate, diet
quality through the critical wintering period.

Piceance Basin in northwest Colorado is winter range for a large
segment of the White River mule deer (Odocoileus hemionus)
population. Impending oil shale development and associated problems of spent shale disposal and reclamation of disturbed areas
have created widespread concern for the future welfare of deer in
the basin. This future is clouded by the inability to predict how oil
shale development will proceed and the eventual course and success of reclamation efforts. A current dilemma involves mitigation
for areas already, or soon to be, removed from wildlife use by
development. Mitigation is often viewed as some form of habitat
improvement. For most wildlife species, particularly mule deer,
what should be improved, how it can be improved, or even if
improvement is practical or needed are elusive questions. Therefore, knowledge is needed of how deer utilize present winter habitats for both food and cover. This study examines patterns of food
use by mule deer in undisturbed habitats. Objectives were to identify major species in winter-long deer diets to estimate quality of
those diets on native pinyon-juniper
(Pinus edulis-Juniperus
osteosperma) range in Piceance Basin.
Study

Area

Piceance Basin includes primarily Piceance Creek and Yellow
Creek drainages; an area encompassing about 2,600 kmz. Pinyon
and juniper are the dominant vegetation on most upland areas to
about 2,300 m although extensions occur to near 2,500 m. Major
shrubs include big sagebrush (Artemisia tridentata), Utah serviceberry (Amelanchier utahensis). true mountain mahogany (Cercocarpus montanus), antelope bitterbrush (Purshia tridentata),
mountain snowberry (Symphoricarpos
oreophilus),
low and
rubber rabbitbrushes (Chrysothamnus viscidiflorus, C. nauseoAuthor is a wildlife researcher, Colorado Division of Wildlife, 317 West Prospect,
Fort Collins, Colorado 80526.
Funding was provided by Colorado Federal Aid in Wildlife Restoration Project
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The manuscript was reviewed by D.L. Baker, L.H. Carpenter, D.J. Freddy, N.T.
Hobbs, and T.M. Pojar.
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sus), and Gambel oak (Quercus gambelii). Dense stands of sagebrush also occur along and at the heads of many intermittent
drainages. In extensive areas of the western basin, sagebrush is the
dominant and sometimes the only shrub under pinyon-juniper
canopy and in broad open parklands common on western mesas.
Common forbs within the pinyon-juniper type include tailcup
lupine (Lupinus caudatus), Nuttall goldenweed (Haplopappus
nuttallii), cryptantha (Cryptantha sericea), Louisiana sagewort
(Artemisia hdoviciana),
Hood’s phlox (Phlox hoodii) sulphur
eriogonum (Eriogonum umbellatum), and scarlet globemallow
(Sphaeralcea coccinea). Common grasses are Indian ricegrass
(Oryzopsis hymenoides), bluegrasses (Poa spp.), bluebunch and
western wheatgrass (Agropyron spicatum, A. smithii). needle and
thread (Stipa comata). and sedges (Carex spp.). At higher elevations, the pinyon-juniper type yields to a mountain shrub community containing many of the same shrub, forb, and grass species
found at lower elevations, but usually at higher densities due to
increased precipitation. Grass hay is produced in irrigated meadows along Piceance Creek and other drainages while sagebrush,
black greasewood (Sarcobatus vermiculatus), and rubber rabbitbrush dominate unirrigated sections. Additional descriptions of
the basin were given by Terwilliger et al. (1974), Voorhies (1974),
and Tiedeman and Terwilliger (1978).
Deer begin migrating to winter range in October. While deer can
be found throughout the winter range at this time, most remain in
the mountain shrub type and upper elevation pinyon-juniper.
Deepening snow in November and December forces deer to lower
wintering areas with north aspects preferred. A 1,722-km2 winter
range was previously defined for the mid-winter (January) period
and included most areas below about 2,300 m (Bartmann and
Steinert 1981). As winter progresses, the upper limit of deer use
drops closer to 2,100 m and deer shift to south aspects. Migration
back to summer range begins in April with most deer gone from
winter range by early May.
Methods
Diet Composition

Forage choices of tame mule deer were observed to estimate
botanical composition of winter diets. Emphasis in treatment of
experimental animals prior to and during the study was on maximum familiarity with, and dependence on native forages. Rearing
and maintenance procedures from birth to 16 months of age were
reported by Bartmann and Carpenter (1982). From age 16 months
to the end of the study, when the deer were 34 months old, they
continued to live year around in several pastures of 34 to 58 ha on
pinyon-juniper range. They were removed only for foraging trials
and for a month each fall during deer hunting season. While in the
pastures, each deer was given about one-third kg of alfalfa hay and
one-third kg of concentrate/day except from May to September
when only concentrate was provided 3 times/ week. Regelin et al.
(1976) and Bartmann et al. (1982) found artificial feed had little or
no effect on forage choices by tame deer. From December to
March each year, rations were often shared with 7-12 wild deer that
managed to enter the pasture during winter so quantities tame deer
consumed were less than provided. This nominal feeding enabled
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checking deer numbers and condition and maintained a response
to artificial feed necessary for controlling deer during foraging
trials. Water was provided only when snow was unavailable.
‘l’ame deer foraging trials were conducted in 2 areas of Piceance
Basin to include variation in vegetation conditions. The first area,
in the northwest part of the basin, was a pinyon-juniper-mixed
shrub habitat (Area 1) and the second, in the southwest part, a
pinyon-juniper-sagebrush
habitat (Area 2). Many of the same
species occurred in both areas so differences were mainly in composition, particularly of shrubs. Distribution of shrubs, except
sagebrush, was more restricted in the pinyon-juniper-sagebrush
habitat. Deer densities were also lower than in the pinyon-junipermixed shrub habitat (Bartmann and Steinert 198 I).
Each study area was divided into high, middle, and low elevation
winter ranges. Five sampling periods(no January trials)in 1978-79
(Year 1) and 6 in 1979-80 (Year 2) were structured to approximate
general patterns of use of these ranges by wild deer. High elevation
winter range was sampled in October, middle elevation range in
November, January, and April, and low elevation range in February and March. Sampling procedures were the same on both study
areas each year but sequence of areas was alternated for the start of
trials each sampling period.
Foraging trials were conducted on 3 sites/study area each sampling period. Random selection of sites was impractical as choices
were restricted to those with signs of current deer use and with
vehicular access, both of which could not alway be determined
until immediately prior to foraging trials. Sites were located 1-3 km
apart and situated to expose deer to a variety of vegetation and
terrain conditions. Recurrent use by wild deer allowed using the
same sites during the same sampling periods both years.
Foraging trials were conducted with 2 observers and 8 deer. A
trial involved 1 person recording the number of bites and plant
parts taken of each species by 1 deer during a 60-90 minute period.
Observers were rotated among deer, and deer among daily observation times. All 8 deer were observed daily for 3 days for a total of
24 trials/study area (16 trials/area in April 1980). Ample waterand
the usual ration of alfalfa hay and concentrate were provided each
evening.
Deer were transported to the first site the day before starting
trials and allowed several foraging excursions in the area. At night,
and when not foraging during the day, they were kept in a temporary 8 X 10-m pen. The first morning, 4 deer were released from
the pen and allowed to roam at will. Forage choices were recorded
for 2 of them. Direction of travel was influenced by observers only
if the deer started following trails or roads, or returned to the pen
before they finished feeding. When the 2 simultaneous trials were
completed, deer were returned to the pen, the other 4 released, and
2 again observed for data collection. Trials continued in the afternoon with the remaining 2 deer of each group observed. After all
deer were observed, the group was walked to the next site, penned
overnight, and another set of trials run the next day. After trials at
the third site, deer were transported to the other study area and the
process repeated. Deer were then returned to the holding pasture
until the next sampling period.
The first year, the 8 deer consisted of 4 females and 4 male
castrates. All were 15 months old when the study began. Two
females died the following summer and were replaced by 2 male
castrates. One replacement had been along on all trials the first
year and the other, although raised with the group, had been used
in a pen study from October to April the first winter. Loss of both
replacements in late March 1980 left 6 deer for the last sampling
period in April 1980.
A diet for an individual deer was the proportions of all forages,
on a dry-weight basis, eaten on a study area during a sampling
period. Individual diets were averaged across all deer to obtain a
composite diet. Conversion of bites to a dry-weight basis reduced
bias due to large bite-weight differences between some species.
From 25-50 hand-picked “bites” of major species that composed
22% of the group’s total bites on each study area were collected
during each sampling period in Year 1. Samples were oven-dried at
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1000c for 48 hours, weighed to the nearest 0.1 g, and divided by the
total “bites” to obtain an average weight/bite. Bite-weight for
other species was estimated by reference to values for species of
similar form that were collected. In Year 2, bite-weight sampling
was done only for major species not previously collected and also
when bite size for a species was suspected to differ appreciably
from Year I.
Diet Quality

For nutritional analyses, at least 50 g (green weight) of each
major forage species were collected from the same plant and plant
parts selected by the deer, or from adjacent ones if most or all of a
plant was eaten. Forage samples were collected by the 2 observers,
or by a third person, concurrent with foraging trials. Any additional collections needed were made immediately after completion
of trials on an area. Samples were obtained over all 3 sites on a
study area to include variability in growing conditions. Samples
were placed in plastic bags and frozen. Later, they were dried at 60°
C for 48 hours, ground, and stored in glass jars. Methods for
measuring crude protein (CP) (Kjeldahl N X 6.25) were from
A.O.A.C. (1965). In vitro digestible dry matter (IVDDM) was
estimated from triplicate 0. l-g samples with methods described by
Tilley and Terry (1963) and Pearson (1970). Rumen inoculum was
from a Holstein cow maintained on grass hay, a diet considered
reasonably comparable in quality to that afforded deer in winter. A
separate in vitro run was made for each year’s samples. Nutritional
values of composite diets were derived by first adjusting proportions of major species to sum to 100%. The CP and 1VDDM
percentages for each species were then weighted by summing the
products of these adjusted proportions times their respective forage quality values (Hobbs et al. 1979). Differences in proportions
of forage classes and CP and IVDDM content of diets between
areas and years were assessed with paired or unpaired t tests as
appropriate.
Notes were made of relative species availability (low, medium, or
high) on each study area during each sampling period. Such visual
ratings, although subjective, took into account changes due to
phenology and snow on each site and considered only locations
used by tame deer. They were therefore considered most practical,
particularly when the effort and imprecision associated with other
availability estimate methods were considered and in light of the
problems with assigning preference ratings discussed by Hobbs
and Bowden (1982). The term browse includes both tree and shrub
material, forbs include lower plant forms, and grass includes grasslike species.
Results
Diet Composition

Tame deer were observed for 685 hours and took over 64 1,000
bites from 139 plant species (Tables 1 and 2). From 18-59 plant
species (X = 46) made up each of 22 composite diets and 4-17
species were 22% of any one of these diets. Greatest variety
occurred in late winter and spring diets on both areas. Forage
selections varied considerably among deer as precision better than
f 20% of X at the 90% confidence level was seldom attained in
percentage estimates for individual species in the 22 diets. For
forage classes, this level of precision was attained or exceeded most
consistently with browse. High variability in forage selections was
previously shown for tame deer by Bartmann and Carpenter ( 1982)
and was also evident in bite-count data for tame elk (Cervus
eluphus) (Hobbs et al. 1981, Baker and Hobbs 1982).
Browse was the main diet component duringallforaging
periods
except April when new growth of forbs and grasses was avidly
sought. Browse use peaked in November and declined through
winter and spring. Forbs assumed increasing importance over this
same period until April when deer ate more grass. During early
October, leaves of deciduous shrubs were turning color but most
still persisted and were favored over twigs. For oak, preference of
leaves over stems continued throughout winter. Forbs such as
toadflax (Comandra umbellata), Spearleaf eriogonum (Eriogo535

Table 1. Percentages
and 1979-80.’

of major forage species in tame mule deer diets on pinyon-juniper-mixed

October
Species

November

shrub winter range in Plceance

Januarv

Februarv

Basin, Colorado,

March

1978-79

ADril

Year

x

SE

T

SE

X

SE

T

SE

x’

SE

1979
1980

34
13

3
2

27
20

3
2

18

3

IO
IO

2
3

I5
12

3
2

1979
1980

tr
tr

i.5

I

0.2

2
3

I
I

6
11

I
3

I

1

I

4

0.5
I

I
2

I
I

4
2

2

1

I

4
3

2

3

I

I

2

I

8
5

2
2

2
2

tr
tr

4
1

2
0.4

1

0.3

1
I

0.5
0.3

4
2

tr
tr

4
6

8
5

7

SE

Trees and Shrubs

Amelanchier utahensis
Arremisia rridemata
Atriplex confertifolia
Cercocarpus momanus
Chrysothamnus nauseosus
Chrysothamnus viscidiJlorus
Juniperus osreosperma
Juniperus scopulorum
Pinus edulis

2
2

1979
1980
1979
1980

21
44

1979
1980

tr

1979
1980

tr
tr

1979
1980

2
4

30
20
tr

I

1

1979
1980

2
26

I

4

2
tr

2
0.5
4

1979
1980

2

2

I
24

1979
1980

17
19

5
2

6
I

2

Quercus gambelii

1979
1980

19
8

3
2

20
4

3
I

Sarcobams vermiculatus

1979
1980

Purshia tridentata

Symphoricarpos oreophilus

I

28

6

25
27

I

tr
tr

21

23
19

4
4

2

1

I

tr

tr

Tetradymia canescens

1979
1980

tr
tr

tr

All trees and shrubs

1979
1980

93
88

1979
1980

tr

1979
1980

tr
tr

Comandra umbelkna

1979
1980

tr
5

Cryptantha sericea

1979
1980

tr

1

6
tr

:

zz

I5
10

3
2

90

I
2

tr

I5
I4

6
5

I
0.3

2
1

I
1

0.3

I

0.3
0.3

I

I

2

3

I

tr
14

2
2

I
I

3
2

tr
2

I

4
6

tr

3

I
I

82
81

3
3

66
75

5

0.4

I
I

1
1

I
tr

1979
1980

3
7

3
4

tr

tr

2
7

41
46

I

2
7

Forbs

Artemisia frigida
Arremisia ludoviciana

Eriogonum lonchophyllum
Eriogonum umbellarum
Haplopappus nuttallii

tr

1979
1980

tr

Hymenopappus
filijohus

1979
1980

Lupinus caudarus

1979
1980

Mertensia Ianceolata
Phlox hoodii

1979
1980

I
I

I
0.5

tr
tr

tr
tr

tr

I
I

2
I

tr

I

tr
tr

tr
0.5

I

0.4
I

2

I

tr
tr

tr

I
2

tr

All forbs

1979
1980

6
12

0.3

9
9

3
3

I

tr
tr

0.3

5
4

1
0.5

tr

2

I

2

I

0.4
I

tr
tr
tr
I

tr

tr
tr

tr
tr
tr

2
I

I

tr

tr

1979
1980
1979
1980

0.4

I
2

2
I

tr

8
7

0.4

I

I

tr

2
tr

Senecio mutabilis

536

tr

tr

1979
1980

1979
1980

tr
tr

3

0.2
I

2
4

I
I

I
0.3

I

I
1

tr

0.4
0.2

I

4

1

3

I

0.5

4

15
I7
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Table 1. continued.

Species

Year

October
ji
SE-

1979
1980

tr

1979
1980

tr
tr

1979
1980

tr
tr

tr
tr

1979
1980

tr
tr

tr

November

January

SE

Z

7

February

SE

X

0.3

tr
tr

April

March

SE

X

SE

x

SE

Grasses

Agropyron ~pp.~
Corex spp.3
Poa spp.4
All grasses

I

tr

1

tr
tr

1

0.2

tr
2
tr

tr

I

I

3
2

I
I

0.3

9
8

2
2

I

23
23

2
5

I
0.3

41
34

3
4

tr
tr

2

1

1

0.4

6

I

3
2

2
I

5
I

‘Percentages are means of 8 individual deer diets except in April 1979-80 when there were 6 deer.
%cludcs Agropyron spicatum. A. smithii, A. cristotum. and possibly others.
‘Includes Cwex geophika, C. pityophila, and possibly others.
41ncludes Pm fendleriono. P. pratensis. P. sandbergii, and possibly others.

num lonchophyllum), mat penstemon (Penstemon caespitosus),
lupine, and sulphur eriogonum retained some color or succulence
and were selected over species already dry. Grasses were essentially
ignored during October.
By late November, forbs and grasses were covered by snow and
largely unavailable on ridge tops and north aspects used by wild
deer. Shrubs and trees dominating diets that month included
serviceberry, mountain mahogany, juniper, pinyon, bitterbrush,
and oak. January foraging sites (Year 2 only) included south
exposures with shallower snow and some bare ground. Asa result,
forbs and grasses were more available than on sites in November
and diet percentages of both increased, especially on Area 2.
Leaves of serviceberry, mahogany and shadscale (Atriplex confertifolia) which accumulated under shrubs were readily consumed
during both January and February. Sites for February and March
trials were on south aspects and use of herbs, particularly forbs,
continued to increase with greatest consumption again on Area 2.
In April, new growth of many species was available but grass,
mostly bluegrasses, dominated all diets. Four to 5 times more grass
than browse was eaten on Area 2 while proportions of both were
similar on Area 1.
Diet proportions of browse, forbs, and grassesdiffered (X0.05)
more between areas than years (Table 3). Higher browse consumption (KO.05) on Area 1 than Area 2 most months was usually
compensated by lower grass use. Use of some bf the more common
species was unrelated to their availability. Pinyon and juniper were
abundant on all areas during all sampling periods, but deer made
greatest use of them from November to March when snow was
present. During November of Year 2, these 2 species increased
sharply in diets on both areas over the same month in Year I. No
specific reason can be offered but, in Year 2, snow was deeper (-40
vs -25 cm) and a plentiful crop of juniper berries was attractive to
the deer.
In contrast, snowberry and sagebrush were abundant species
eaten in relatively small amounts. Snowberry contributed 13% to
diets both years. The most sagebrush in a composite diet was 11%
and the highest for an individual deer was 19%. Previously in
Piceance Basin, Carhart (1943) reported 37 and 27% sagebrush in
rumen samples during winter and spring, respectively. In a review
of mule deer food habits literature, Kufeld et al. (1973) reported
sagebrush use as generally “heavy” during winter and spring.
However, comparing results obtained with different methods can
be misleading. For example, feeding site analysis and long-range
observation of animals feeding tend to overestimate percent shrubs
in a diet (Wallmo et al. 1973). Rumen analyses produce varied
results depending on the kinds and amounts of forages consumed
(Norris 1943, Bergerud and Russell 1964, Gaare et al. 1977).
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A potential problem with consumption of sagebrush, and also
juniper and pinyon, is inhibition of rumen microbial function by
volatile oils. This effect has been predicted with both sagebrush
and juniper at dietary levels of 15-30% (Nagy et al. 1964, Jobman
1972). However, Cluff et al. (1982) concluded most monoterpenoids in sagebrush are lost early in the digestive process and their
inhibitory effect on microbial activity is probably less than originally conceived. Relevance of this question is highlighted in this
study during Year 2 when combined proportions of juniper,
pinyon, and sagebrush, all fresh material, averaged 45% of
November to March diets. This high level of use was assumed to
continue while deer were in the holding pasture between sampling
periods but they exhibited no visible ill effects other than the
weight loss expected over winter.
Serviceberry, mahogany, and bitterbrush were ubiquitous species often taken in substantial quantities. A low proportion or
absence of any one of them in a diet usually reflected low availability on the specific sites grazed by the deer. Oak, although restricted
in distribution at lower elevations on Area 1 and scarce on Area 2,
was also eaten whenever encountered. A variety of other species,
primarily forbs, were also frequently eaten whenever found. However, low abundance or availability during winter precluded the
possibility of many of these species to be major diet items.
Diet Quality

Winter-long trends in CP content of deer diets were similar on
both areas each year (Fig. 1). October dietary CP, 8-lO%,dropped
to 5-7% from November through March and then increased Ito
13-23% in April. A similar pattern was displayed with dietary
IVDDM except early in Year 1 when there was no distinct drop in
IVDDM from October to November on either area. October to
March IVDDM ranged from 24-37% and increased to 43-62% in
April. These levels of CP and 1VDDM were quite close to values
reported by Hobbs et al. (1983) for mule deer on a montane winter
range in Colorado.
From October-March, CP content of both grasses and forbs in
deer diets averaged nearly 2 percentage points lower than for
browse. During the same period, IVDDM of grasses and forbs
averaged about 3 and 8 percentage points, respectively, lower than
browse. Thus, browse was primarily responsible for maintaining
winter diet quality. In April, the sharp increased in dietary CP and
IVDDM reflected a shift in feeding emphasis to new growth of
grasses and forbs. Dietary CP and IVDDM were both higher
(X0.05) in April each year on Area 2 where forbs and grasses
composed >80% of diets compared to <60% on Area I.
Grass species were major items in 7 of IO January-March diets.
The IVDDM content of grasses ranged from 21-35% which was
similar to that for most browse species in those same diets. This
537

Table 2. Percentages of major forage species in tame mule deer diets on pinyon-juniper-sagebrush
197940.

October
Species
Trees and shrubs
Amelanchier utahensis

Arremisia

tridentato

Cercocatpus

montanus

Chrysorhamnus

nauseosus

Chrysothomnus
Juniperus

viscidiflorus

osteosperma

Leprodactylon

pungens

Pinus edulis
Purshia rridentota
Sarcobatus

vermiculatus

Symphoricarpos
Tetrodymia

oreophilus

caneseens

Xanthocephalum

sorothroe

All trees and shrubs

Forbs
Agoseris

aurantiaca

Comandra

umbellata

Cryptantha
Eriogonum

x’

SE

1979
1980

11
25

2
4

1979
1980

tr

1979
1980

2
22

1

tr
tr

1

0.4

17
2

tr

1979
1980

62
36

7
4

1979
1980

3
I5

I
3

26
7

4
I

5
7

‘j;_

3

1

2

I
2
0.4

1
2

5
1

4
3

1
I

4
1

3
3

1
1

2
tr

5
2

I
1

tr

I

26

17
22

3
5

9
15

2
tr

I

tr

8
2
-_
1
5

4
I

12

3

12

4
3

tr

0.3
2

2
tr

1979
1980

tr
tr

1979
1980

tr

1979
1980

79
85

tr
2
4

1

0.3

I
5

I
3

II
4

3
I

2

1

I

2

tr
tr

tr

tr
1

tr

tr
tr

1

tr
5
3

tr

tr

95
98

2
I

70

6

tr
tr

1979
1980

3
8

1979
1980

64
44

1
1

4
4

I
I

44
42

3
3

0.4

3
4

1
2
tr
2
2
1
0.1

Penstemon

caespirosus

1979
1980

2
tr

Penslemon

osterhoutii

1979
1980

I

1
I

3
12

I
2

5
10

1
I

I
9

0.4
I

IO
4

3

7
9

1
I

tr

1
2

18
I3

3
1

2
2

0.4
0.3

7
4

2
I

I5
6

5
I

0.3
0.1

I

tr

0.2

1
1

0.3
0.2

1

0.2

tr

I
tr

tr

tr

I
tr
8

1979
1980

1979
1980

I
0.3

tr
2

tr
tr

tr
tr

3
1

Zygadenus

0.2

tr

1979
1980

1979
1980

I

tr

4
2

1979
1980

Senecio murabilis

1

tr

1979
1980

1979
1980

SE

tr-

tr

26

7

tr

tr
tr

5

April
SE

tr
3

tr

1979
1980

1979
1980

538

4

tr

nurtollii

venosus

5
5

1979
1980

1

tr
tr

47
I8

4
7

March
SE

0.2

10
54

3
1

Phlox hoodii

1

7

1

tr
1

February
SE

1
I

1979
1980

1979
1980

walsonii

?r

4
3

tr
tr

Lupinus caudatus

Penstemon

January
SE

tr

tr
tr

umbellatum

fdifolius

3

1979
1980

5
tr

Hymenopappus

F

tr
tr

1979
1980

Haplopappus

1
5

1979
1980

tr
tr

lonchophyllum

Eriogonum

Year

1979
1980

sericea

November

winter range in Piceance Basin, Colorado, 197&79and

4

1
3

1

1
I

0.4
1
tr

tr
tr

I

tr
tr

1
0.2
1
0.2
I
I
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Table 2. Continued.
October
Svecies

F

SE

1979
1980

20
I5

5
3

1979
1980

tr
tr

tr
tr

Corex spp .3

1979
1980

tr

tr

Koelerio

1979
1980

tr
tr

tr

1979
1980

tr

1979
1980

tr
tr
tr
tr
tr
tr

1979
1980

tr

All forbs

January

November

Year

r

SE
2

I

I

0.4

February

March

April

?-

SE

!i

SE

X

SE

_;

SF

3

16
43

3
6

44
38

5
3

12
9

2

10

4

2

5

2

1

I

tr
tr

1

Grasses
Agropyron

sp~.~

cristoto

Oryzopsis

hymenoides

PO0 spp.4

All grasses

I

tr

1979
1980

Stipo comoto

tr

I

0.2

0.3

tr
tr
I

0.5

I

0.5

6

1

I

I

0.3

3

1

I

0.3

I

3

I

20

3

I

tr

5

I

tr

7

2

I

4

I

7

2

tr

1

0.4

54

3

3

I
I

72

2

2
4

70
77

4
2

3

I

7

2

I

I

tr

21
I3

5
3

12
21

0.2

tr
I

2

2

tr

tr

0.4

4

1

2
8

tr

I

3

0.4

3

‘Percentages are means of 8 individual deer diets except in April 1979-80when there were 6 deer.
%cludes &opyron
spicorm, A. smithii, A. cristatum, and possibly others.
‘Includes Carex geophilo, C. pityophila, and possibly others.
P. Prawnsis, P. sandbergii. and possibly others.
dlncludes Poafend/erimo.

is similar to that observed in elk during winter in Colorado (Hobbs
et al. 1981).

contrasts with the higher IVDDM content of grass over browse in
elk winter diets (Hobbs et al. 1981) and in the standing crop of
forage (Cook and Harris 1968, Wallmo et al. 1977). A repeat of
IVDDM analyses on Year I forage samples supported the relationship between grass and browse IVDDM in this study as did
IVDDM analyses of the standing crop of winter forage in another
study in Piceance Basin during the 1980 winter (L. Carpenter,
unpubl. data).
Significant differences (X0.05) in dietary CP and IVDDM
were more common between areas than between years (Table 3).
However, significance was due mostly to low variability among
animals and smail differences in mean values are probably offset by
variability in forage collection and analysis procedures.

Estimates of minimum CP requirements for maintenance ofdeer
generally vary between 5-7s (Einarson 1946, Bissell and Strong
1955, Robbins et al. 1975, Holter et al. 1979). November to March
dietary CP levels were usually within this range. Diet IVDDM, on
the other hand, was much less than the approximate 50% digestibility level considered by Ammann et al. (1973) as maintenance for
a ruminant. However, there are several possibilities for increased
diet levels of both CP and IVDDM above those estimated. One is
consumption of greater proportions of more nutritious forage such
as sagebrush. However, nutritional value of sagebrush in vivo has
yet to be substantiated. Another is that animals may select more
nutritious forage than is accomplished by hand-picking (Weir and
Torrell 1959). A third possibility is through associative effects
during the digestive process (Cook and Harris 1967, Milchunas et
al. 1978). Finally, soil contamination resulted in high ash values for
some species, particularly several low growing forbs, causing low
CP and digestibilities on a dry matter basis. On the negative side,
there may be a greater IVDDM deficit than indicated as loss of
voltile oils by ovendrying and grinding forage samples may produce inflated IVDDM values for pinyon, juniper, and sagebrush.
The role of various forages in deer nutrition is poorly under-

Discussion
Availability, as well as palatability, was responsible for some
spatial and temporal differences in diet compositions of tamedeer.
This was indicated, in part, by the shift from nearly 100% browse
diets in early winter to more forbs and grasses as snow decreased
and deer moved to south aspects. In spite of large differences in diet
compositions among animals and sampling periods, deer selected
forage mixes to help maintain a fairly consistent diet quality
through the critical mid- to late winter period. This feeding strategy

Table 3. Results of paired and unpaired t tests of attributes of tame mule deer diets on pinyon-juniper-mixed shrub (Area 1) and pinyon-juniper-sagebrush
(Area 2) winter range in Piceance Basin, Colorado, during October-April, 1978-79 and 1979-80.”

1978-79vs 1979-80

Area I vs Area 2
1979-80

1978-79
Diet attribute

ONFMA

Trees and shrubs
Forbs
Grasses
Crude protein
IVDDM

H3 LH-LH
L
-HLLL

Area 1

ONJFMA
H

H

H

L
L
-HL

L

H
L

H
L

H
L
L
L
L

H
L
L
H
-HL

H
L
L
H

H
H
L
L

L
L

_
-H_H

‘There were 8 deer in all comparisons except in April 1979-80when there were 6.
‘There was a January foraging period only in 197940.
,H=The mean for Area I higher than Area 2orthemeanfor 1978-79higherthan 1979-80, KO.05; L=The meanfor
1979-80, KO.05; = no difference between means for Areas or Years, 130.05.
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Area 2
ONFMA

ONFMA
-

L
H

H

--

-

AreaI lowerthanArea2or

-

_
H--L--

-HHHL
L
-HH-

the mean for 197%79lower than

539

240

I-

o 1978-79, Area
l 1978-79, Area
q 1979-80, Area
n 1979-80, Area

22 -

*

I
2
I
2

_ o 1978-79, Area
I- l 1978-79, Area
60
O 1979-80, Area
- m l979-80,Area

8

20 -

56 I

I8 -

52

I6 _

48

l

I
2
I
2

0

-

0

0

.f I4 Q)
‘;
; I2 -

0
0

0

$O-

36

m

0

6

0
0

%

8-

32
0

H

6-

0

0
0

0

0

28

0

8

l

.

24
,

I

I

I

I

I

I

I

I

I

.
‘1

I

I

I

I

I

I

I

I

SONDJFMAM

SONDJFMAM

Month

Month

Fig. 1. Crude protein and in vitro digestible dry matter (1VDDM)content
of mule deer diets onpinyon-juniper-mixed
sagebrush (Area 2) winter range in Piceance Basin, Colorado, 1978-79 and 1979-80.

stood. Therefore, we can only rely on observations of food habits
to determine what forages are probably most beneficial to deer
welfare in any particular situation. In Piceance Basin, browse is
critical to winter survival of deer because it is the most available
forage in deep snow. Moreover, browse seems to have a slight
nutritional advantage over forbs and grasses selected by tame deer.
Forbs and grasses, however, are still important as they ease browsing pressure on shrubs and offer important nutritonal advantages
during spring.
Under most winter conditions, forage quantity does not appear a
major limitation to mule deer welfare within much of Piceance
Basin. Therefore, habitat improvement as a mitigation alternative
should stress increasing nutritional
quality of existing forages
during winter dormancy. However, any practice with this potential
should be tested with species and conditions that exist in Piceance
Basin and be applied on a large enough scale to be meaningful.
Reclaiming disturbed areas is a more complex problem as habitat must be established from bare ground-a
difficult task in
semi-arid environments. The aspect of reclamation this study can
address is to identify native species important as winter forage for
deer. Revegetation for benefit of mule deer should includea mix of
trees, shrubs, forbs, and grasses to allow deer to select the most
favorable nutritional regime and to help assure some species are
available under all winter conditions. The 39 species listed in
Tables I and 2 were important diet items during at least one period
540

I

shrub (Area l)andpinyon-juniper-

of winter and should therefore be given prime consideration in
revegetation efforts.
Obviously, much more research is needed on how and why deer
utilize available habitats for both food and cover to improve upon
the above generalizations. Such information can then be used to
generate and test hypotheses concerning practices for improving
pinyon-juniper winter range for mule deer. Until this occurs, the
best action in Piceance Basin may be no action as the Basin has
consistently ranked among the top deer harvest areas in Colorado.
Also, deer densities, there already exceed those measured on other
large winter ranges in the state with estimates up to 20 deer/ km*
over 1,722 km* of winter range in recent years (Bartmann, unpubl.
data). Although both higher and lower deer densities occur on
smaller units within the winter range, there presently is no evidence
they are a direct result of forage quantity or quality differences
between these areas. Until reasons for these density differences are
identified, benefits of habitat improvement
efforts for deer will

continue to be questionable.
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TECHNICAL NOTES
A Mechanical
D.M. ANDERSON

Animal-powered

Cow Spacer

AND D.L. MERTZ

Abstract
The low-cost, practical, easy-to-build,
low-maintenance
mechanical animal-powered cow spacer described spaces animals
that are moving single file through a chute. The spacer unit can be
used successfully in conjunction with an automatic electronic
weighing/identification system for obtaining accuratedaily weight
data on individual animals.
With the integration of electronic and mechanical devices, accurate, automatic data acquisition systems are used in agriculture
research with animals. Filby et al. (1979) reported that weight data
were lost because cows bunched together as they moved over the
weighing platform. To control the tendency for cattle to follow
each other (Grandin 1980) and alleviate bunching, we developed a
low-cost, practical, easy-to-build, low-maintenance device to space
individual animals as they move single file through a chute.
The mechanical animal-powered cow spacer is one component
of an automatic electronic weighing/identification
system now
used to monitor individual weight changes of cattle grazing
semidesert rangeland on daily basis (Anderson et al. 1981). The
cow spacer would also be effective in commercial operations in
which automatic spacing of animals is desirable.

”

l-l

Fig. 1. Top view ofrhemechanicalanimal-poweredcowspacerandspringloaded hinged side gate with components identified. The letters refer to
the following materials; [a] halfgates, [b] bars, [c] mechanical linkage,
[dj spring-loaded dead-bolt mechanism, [e] spacer linkage springs, Vj
spring-loaded hinged side gate, [g] leaf spring mechanism, [h] springloaded mechanism bars, and [i] graphire-impregnated
nylon bearings.

The Animal Spacer
Components of the mechanical animal-powered cow spacerand
spring-loaded hinged side gate, hereafter called “the spacer,” are
shown from a top view in Fig. I. a through i and from an entrance
view Fig. 2. a throughj. The device is powered entirely by a moving
animal, and maintenance is minimal once the spacer is installed
and adjusted in the chute (Fig. 3). The spacer prevents bunching of
animals ahead of the spacer.
The animal, as it walks single file through the chute leading to
the electronic weighing platform, must pass between two halfgates
(Fig. la) before reaching the bars that activate thespacer(Fig. lb).
The bars are attached by mechanical linkage (Fig. lc) to the two
half gates. As the animal walks forward and pushes against the
bars, they are displaced sideways and the two half gates shut
behind the animal. The action of theclosing halfgates stops further
forward movement of the next animal in line and may even cause
the next animal to move backwards in the chute. When the half
gates are closed, a spring-loaded dead-bolt mechanism (Fig. Id) is
activated to lock the two half gates shut preventing the next animal
in line from moving through the spacer. The first animal, now well
Authors are animal scientist, Jornada Experimental
Range, Agricultural
Reseach
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Las Cruces. N. Mex. 88004: and machine shop supervisor, Physical
Science Laboratory.
New Mexico State University,
Las Cruccs 88003.
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Fig. 2. Entrance view of the mechanical animal-powered

cow spacer with
components identijied. The letters refer to the following materials: [a]
harf gates, [b] bars, [c] mechanical linkage, [i] graphite-impregnated
nylon bearings, and u] steel ring.
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beyond the spacer, is free to walk onto the weighing platform. As
the animal steps onto the scale platform, a photo beam is broken.
This event activates a solenoid that controls two compressed air
rams thatcloseand
securcawire
meshgate infrontoftheanimal
to
allow adequate time for a” accurate weighing of the individual
animal.
The front gate of the scale functions in the operation of the
spacer. The scale and spacer are connected via a cable linkage. The
spring-loaded
dead-bolt is attached to a turnbuckleand
cable (Fig.
Id), and the opposite end of the cable is attached to the wire mesh
gate located in front of the scale. To prevent cattle from interfering
with the movement of the cable along the inside of the chute, we
enclosed the cable in a pipe, 1.3 cm in diameter, and welded the
pipe to the side of the chute.
After air is vented from the rams, the spring-loaded
wire mesh
gate opens part way. As the animal pushes through the wire mesh
gate, tension is put on the cable and the spring-loaded
dead-bolt
latch is released. Spacer linkage springs (Fig. le) contract and the
t,vo half gates open, allowing another animal to proceed down the
chute for weighing.

Discussion

and Application

leaf spring mechanism on the hinged side gate must be weaker than
the springs on the mechanism bars (Fig. Ih).
bars are spring-loaded
(Fig.
As a safety feature, the mechanism
Ih). If any animal following another through the chute does not
stop with the action of the two half gates closing and continues on
through the spacer, the springs on the mechanism bars are weak
enough so the half gates will not lock and wedge the animal’s neck.
The two half gates are hinged on graphite-impregnated
nylon
hearings (Fig. Ii and Fig. 2.i) that arc packed in grease to give
minimum resistance when a” animal pushes on the mechanism
bars.
The turnbuckle attached between the spring-loaded
dead-bolt
and the cable (Fig. Id) provides””
adjustment on thedistance
the
wire mesh gate must open before the dead-bolt releases. If the
separator is not used in conjunction
with an electronic scale that
requires a front gate, thecable could beattached toa spring-loaded
chute stop or similar device that could he activated by a passing
animal.
To prevent the detained
animal from bringing its head up
between the tw” locked halfgates, weweldeda steel ring(Fig. 2j)to
one of the half gates. Without the steel ring, the animal could bring
its head up between the two half gates wedging them locked, thus
preventing the dead-bolt from operating properly.
Beef cattle previously accustomed to using bayonet gates (Anderson and Smith 1980) adapt to the spacer within a week or less.
Because the activating mechanism bars are only 43 cm above the
floor of the chute, some animals could jump over rather than push
open the mechanism
bars. A solid panel placed over the chute
immediately
in front of the mechanism
bars would discourage
animals from jumping over the bars.
A distinct advantage of the spacer is that it does not requirea”
external power source and o”ce the unit is adjusted in place, only
minimal labor is required to keep the spacer operational. The umt
is used successfully at the Jornada Experimental
Range to space
cattle that range in weight between 120 and 500 kg before they are
automatically
and electronically
weighed. With the spacer each
animal can he weighed during unattended
automatic operation
without risking the loss of data that can result when two or more
animals get on the scale platform at a time.
Drawingsanda
listofmaterials(PSLNo.O13610)forconstructing the mechanical animal-powered
cow spacer are available at a
nominal cost from the Physical Sciences Laboratory, New Mexico
State University,
P.O. Box 3-PSL, Las Cruces, New Mexico
88003.

Several on-site adjustments

are necessary for proper operation
of the spacer. Differences in animal size and weight (fill) do not
prevent proper functioning of the spacer. For effective separation
of thin cows as well as large bulls, the separator’s bars must be
displaced sideways to allow the spring-loaded
dead-bolt to lock.
Adequate displacement
of the bars is ensured by a spring-loaded,
hinged side gate (Fig. If) opposite the mechanism bars that compensates for differences
in animal width by forcing animals to
move into the mechanism bars. Wide animal compress the leaf
spring mechanism (Fig. lg). For proper function of the spacer, the
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BOOK REVIEWS
Study and Management
of Large Mammals. By Thane
Riney. 1982. John Wiley and Sons, Inc. One Wiley Drive,
Somerset,

New Jersey

08873.

552 p. $59.95.

In the introduction,
Thane Riney (Visiting Fellow, Australian
National University) states that the objective of his book is “to
present a range of choices concerning
large mammals and their
environment,
in helping to decide what is the relevant next step to
take in moving ahead towards more effective management.” Riney
draws on his many years of experience
with ecological field
research, including
his experiences
in California,
Switzerland,
Africa, Rome, Edinburgh, and Australia. The subject matter is
slanted toward European,
African and Australian
ungulates,
although some examples from North America are given.
The book is comprised of 9 sections; each begins with a brief
indexed outline. Following the introduction,
the book describes
how to plan an investigation,
including a review of the scientific
method and the basics of writing a work plan. Data collection
techniques are focused on in section 3, including techniques for
describing the animal component and associated habitats, assessing the use of environmental
components
by animals and the
associated impacts on vegetation, and evaluating the response of
both animals and the environment
to management activites. The
fourth section deals with the collection and treatment of materials,
including plant and animal specimens, and methods for investigating parasites and diseases. The fifth section discusses assessment of
an animal’s habitat requirements,
and brings in such terms as
distribution,
habitat, home range, and ecological niche. Management of special areas, such as controlled
hunting areas and
national parks are elaborated on in the sixth section. Section seven
focuses on concepts and methodology involved with harvesting large
mammals. Animals problems, such as how to define problems, ask
the right questions, and detect symptoms of ecosystem imbalance
are described in section eight. The final section discusses wildlife
conservation
programs in developing countries. Also included are
eight appendices:
“Examples of aging by tooth replacement
in
large mammals,” “Field classification
of African Elephant and
buffalo,” “Arbitrary decisions associated with multi-purpose
transects, ” ‘Guidelines in establishing
national legislation on wildlife
and national parks,” “Minimum
requirements
for commercial
manufacture and the sale of dried and fresh meat,““Red data book
categories,” ”Application for outside assistance,“and
“Guidelines
for planning and managing national parks.” The book concludes
with an &page reference section and a 12-page subject index.
This book is easy to read, and gives the reader understandable
definitions of many concepts useful in wildlife management
without sounding like a text book. Students, land managers, administrators of national parks, and Americans on foreign assignments
dealing with large mammal management would benefit from read-
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ing this book. Riney’s interdisciplinary
approach leaves some sections lacking, but as a concept it is excellent. Some researchers may
argue with a few of Riney’s choices of research techniques,
although if every land manager followed Riney’s basic advise of
carefully defining problems, asking the right questons and setting
management
goals, the world’s populations
of large mammals
would surely benefit in the long run.-Carolyn
Hull Sieg, Rapid
City, South Dakota.

Man and Wildlife in Arizona: The American Exploration
Period 1824-1865. By Goode P. Davis, Jr., edited by Neil
B. Carmony and David E. Brown. 1982. Arizona Game
and Fish Department,
Phoenix, Arizona in Cooperation
with the Arizona Cooperative
Wildlife Research Unit,
University of Arizona, Tucson 85721. 23 1 p. $15.00 softbound; $20.00 hardbound.
This is a shortened and substantially
revised version of a 1973
University of Arizona Master’s thesis: Man and Wildlife in Arizona: 7he Presettlement
Era, 1823-1864 by Goode P. Davis, Jr. This
1982 edited version contains the essential information contained in
the original thesis, but with plant and animal nomenclature
verified or checked and doubtful interpretations
of original data clarified by direct quotations from the original citations.
The book represents a valuable addition to the readily available
historical record, not only of Arizona’s wildlife during the period
1824-1865, but of the vegetation as seen and recorded by scientists
and laymen of that time. It is primarily a bringing together of
material from a variety of sources in a readable and accessible
format not usually available, even to the interested reader. For
anyone with an interest in the geographic area that was later to
become the State of Arizona, this makes exciting reading and
studying and whets one’s appetite for more of the same.
The editors indicate the types of source material on which this
book is based: “Military Expeditions,
boundary
surveys, the
exploration
of railroad routes-all
yielded natural history information heretofore
unobtainable.
Almost as important
were the
private journals kept by the soldiers, scientists, and travelers that
accompanied
these surveys, or were otherwise present at the time.
These journals are now invaluable because they describe events as
they were observed-not
remembered”.
Valuable features of the book are the comments by the editors as
given in the Editors’ Summary, and separate subindices to Plants,
Animals and Place names. Printed on high-quality
paper, the
publication is well illustrated with 22 plates and 13 figures(maps
or
reproductions
ofearlydrawings).-Robert
R. Humphrey,
Tucson,
Arizona.
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